TECHNI CAL FI ELD The present disclosure relates to a conposition useful for
enhancing the effect of an inhibitor for inhibiting NAD4, NADP', NADH or
NADPH dependent enzynes. BACKGROUND AND PRI OR ART Mal aria is one of the
nost devastating di seases of tropical countries. Plasnodium falciparum
causes the fatal kind of malaria, viz. cerebral malaria. Drug resistance in
the mal arial parasite to antinmalarials has further worsened the current
situation. Hence, there is an urgent need to expl ore novel pathways

excl usi ve t oTEHBNIGAMAIFER  for devel oping antinalarial agents. In this
context, the discovery of a bacterial type of fatty acid synthesis pathway
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fourth step is carried out by enoyl-acyl carrier protein (ACP) reductase
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plants and protozoans including the malarial parasite is carried out by several
discrete enzymes having specific reactions to accomplish fatty acid synthesis. The
differences in the organization of the FAS systems of the host and parasite can

therefore be utilized for the development of antimalarials.

In Plasmodium falciparum, fatty acid biosynthesis takes place in a relict plastid,
called the apicoplast [2]. All the enzymes of FAS are encoded by nuclear genes and
are transported to the apicoplast by a bipartite signal sequence. The fatty acid
elongation cycle contains four iterative steps, decarboxylative condensation, NADPH
dependent reduction, dehydration and NADH dependent reduction [1]. The fourth
step is carried out by enoyl-acyl carrier protein (ACP) reductase (ENR), which
reduces the trans-2 enoyl bond of enoyl-ACP substrates to saturated acyl- ACP.

The substrate binding loop region in an enzyme of malarial parasite Plasmodium
falciparum enoyl-Acyl carrier protein (ACP) reductase (PfENR) is ordered both for
the binary (PfENR-NADH) as well as the ternary complex (PfENR-NAD+-Triclosan)



| but inits E. cols counterpart viz ECENR the | oop becones ordered or
stabilized only after the formation of ternary conplex [6]. Flavonoids |ike
Green tea extracts (GIE) are useful for treating many di seases. GIE contain
a variety of secondary netabolites, mainly flavonoids called catechins,
which include (-) epigallocatechin gallate (EGCG, (-) epicatechin gallate
(ECG, (-) epigallocatechin (EGC) and (-) epicatechin (EC). EGCG is an
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di scl osure aNADHMNADAHIéspendemttehpindsor i dentifying a conpound that enhances
the effect of an inhibitor for inhibiting NAD+/ NADP+ or NADH NADPH
dependent engymRary'd can be used to treat or prophylatically treat an

i nfecti ous disease such as malaria or a bacterial infection. The infectious

di sease may be caused by infectjous agents such as bacteria and pal ari al
par asi t es. The present disclosure describes compositions that are useful for enhancing the

effect of an inhibitor in inhibiting NAD+/NADP+ or NADH/NADPH dependent
enzymes, said compositions comprise an effective amount of an inhibitor and a
polyphenol. The inhibitor encompasses 2’-hydroxydiaryl ether or derivatives thereof
which include 2'-hydroxydipheny! ether which in turn encompasses compounds that
include triclosan. The polyphenols potentiating the inhibitory activity of the inhibitors
include flavonoids selected from a group consisting of flavonol, isoflavonol,
flavanones, flavan-3-ol and derivatives thereof. Compositions of this invention can
be used to treat or prophylactically treat an infectious disease such as malaria or a

bacterial infection.

The present disclosure also provides a method for identifying a compound that
enhances the effect of an inhibitor for inhibiting NAD+/NADP+ or NADH/NADPH
dependent enzymes and can be used to treat or prophylatically treat an infectious
disease such as malaria or a bacterial infection. The infectious disease may be
caused by infectious agents such as bacteria and malarial parasites.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWING



BRI EF DESCRI PTI ON OF THE ACCOMPANYlI NG DRAW NG 2 Figure 1A depicts the
inhibition of PFENR by EGCG Figurel B depicts the inhibition kinetics of
EGCG with respect to NADH. Figure 1 C depicts the inhibition kinetics of
EGCG with respect to crotonoyl CoA. Figure 2 depicts the slow onset of
inhibition by triclosan in presence of EGCG  Figure 3A depicts the effect
of EGCG on triclosan inhibition of PFENR Figure 38 depicts the effect of

triclosan orr.WAldeﬁbeltﬁé FHHubrtloEbQP'fEﬁR% ggdi et s the binding of [3H EGCG to
PfENR i n the absence of triclosan. Figure 4B depicts the gel filtration

(3 EGco i n ke [ et Byttt R enteadebid og using voF

menbranes, Figure 4D depicts the influence of Triclosan on [3H EGCG
bi ndi ng.  Fifjgure 16 dgpistsdbe inhibition kinetiash i Cocowitherespestitousgtonyl Gahe 6 depicts
PfENR i nhibition on triclosan concentration in presence of EGCG  Figure 7

depi cts the m§#6Q@epicisARe §lakdnsaRSInABtiod kPiricebarhphRehtd 61 EE6E- ECCG
conplex. Figure B depicts the effect of triclosan concentration on

trypt o_phan fr-l #Eﬁé%ggﬁ@ the Efe%%ﬁE@C&%ﬁ tr?c o%grtl I?\%lbtfo E _de_nt fluor escence

guenchi ng of rrclrosan sence o Fi gure 10A depicts
the EGCG Pl ENR and EGCG ECENR docked conpl exes superinposed on each other.

Fi gure 10B ddgiress d?ﬁ'étslﬁﬂiﬁf%ﬁﬂftf'?'?%?ﬂ@@%%lﬁ‘ﬁ@‘tkﬁm h PFENR i n a nodel ed
ternary conplex. DETAILED DESCRI PTION 3 The present disclosure provides
conposi ti onsFigwe 4arbpiokitngbihdiag of PIIEGCOE taPFENRN ke abisendgofititiushn.t i ng

NAD / NADP' or NADH NADPH dependent enzynes that participate in type ||
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Figure 4C depicts the binding of [*HJEGCG in the presence of Triclosan. Binding
was assessed using PVDF membranes-

Figure 4D depicts the influence of Triclosan on [*H] EGCG binding.
Figure 5 depicts the triclosan progress curves.
Figure 6 depicts PfENR inhibition on triclosan concentration in presence of EGCG.

Figure 7 depicts the dissociation rate constant (ks) of PfENR-Triclosan-EGCG

complex,
Figure 8 depicts the effect of triclosan concentration on tryptophan fluorescence.

Figure 9 depicts the time-dependent fluorescence quenching of PfENR by triclosan
in the presence of EGCG.

Figure 10A depicts the EGCG-PfENR and EGCG-EcENR docked complexes
superimposed on each other.

Figure 10B depicts the EGCG and triclosan bound with PfENR in a modeled ternary
complex.

DETAILED DESCRIPTION



dependent enzynes that include Enoyl-ACP reductase (ENR) serve as a target.
Since all bacteria and many api conpl exan parasites such as the nal ari al
parasite are dependent on type Il fatty acid synthesis pathway of which ENR
is a key enzynme, it is a validated target for the devel opnent of
anti-bacterial and anti-malarial agents' 2 These agents are used for
treating mal aria and other infectious diseases. The present disclosure
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activity of triclosan against Plasnmodi um fal ci parum enoyl - Acyl carrier
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P berghei culADHAADPH 8&Yep8erT@haymeéal nodel . 4 Tea catechin enhances the
inhibitory activity of triclosan against Plasmodium falci parum enoyl - Acyl

carrier pr OtE Icom 0s qpo>n accor%lnga}s?he( lmeEnnoR\ co'mnprl\s/est ra(r)1 IFE)thIIOF and polflyn%enol
wherein polyphenol potentiates the inhibitory activity of the inhibitor. The
composition comprises amounts of an inhibitor and polyphenol that are effective to
treat malaria or other infectious diseases.

Inhibitors that can be used include 2'-hydroxydiaryl ether or derivatives thereof such
as 2'-hydroxydipheny! ether or derivatives thereof. An example of an inhibitor is
triclosan.

Polyphenols include flavonoids such as quercetin; flavonol; isoflavonol; flavanones;

flavan-3-ol such as catechin; buteine; and derivatives thereof.

The compositions may include a catechin selected from epigallocatechin gallete
(EGCQ), epigallocatechin (EGC) and epicatechin gallete (ECG).

Polyphenols include catechins, quercitin and butein that enhance the inhibitory
activity of triclosan against Plasmodium falciparum enoyl-Acyl! carrier protein (ACP)
reductase (PfENR), in vitro P. falciparum culture and in vivo P berghei culture in
mouse malarial model.



culture and in vivo P. berghei culture in nouse nalarial nodel. In addition
to the inhibitor and pol yphenol, the conpositions may al so include an
antim crobial conpound that acts by formng a ternary conplex with NAD ,
NADP' , NADH or NADPH Non-limting exanples of antim crobial conmpounds are
anti bacterial conpounds, antimalarial conpounds, antiprotozoal conpounds,
antifungal conpounds, antiproliferative conpounds and anal gesics. The
present di scleasoatechah ssmhpnaesi thes inbibitorgf agtioityy ph dnubdsaasagainst c@ladneaatier  Wher e
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di scl osure aNaOHaeslDRES t he use of pol yphenol as an bi oenhancer, wherein
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bacterial species. The NAD+/NADP+ or NADH/NADPH dependent enzymes are

those of an Non-limiting examples of the Pla smodium species arethose of

Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale and Plasmodium

malaria.

Non-limiting examples of bacterial species are those of Escherichia coli and
Mycobacterium tuberculosis.

The present disclosure also describes the use of polyphenol as an bioenhancer,
wherein the polyphenol enhances the inhibitory activity of triclosan, its derivatives,
analogues or pharmacedutically acceptable salt against Plasmodium falciparum
enoyl-Acyl carrier protein (ACP) reductase (PfENR). This is described in relation to
in vitro P. falciparum culture and in vivo P. berghei culture in a mouse malarial
model.

Another embodiment of the present disclosure provides a method for identifying a
compound that enhances the effect of an inhibitor for inhibiting NAD*/NADP* or
NADH/NADPH dependent enzymes said method comprising incubating the
NAD*/NADP* or NADH/NADPH dependent enzyme with an inhibitor, a compound
and enzyme substrate to form a ternary complex; and determining the inhibition of



are Pl asnodi um fal ci parum enoyl - Acyl carrier protein (ACP) reductase
(PFENR), E. coli enoyl-Acyl carrier protein (ACP) reductase (ECENR),
al dol ase reductase, steroid b5a-reductase, bacterial FabG dihydrofolate
reduct ase and squal ene epoxi dase. Anot her enbodi nent of the present
di scl osure provides a conposition useful for enhancing effect of an
inhibitor in inhibiting NAD / NADP'" or NADH NADPH dependent enzynes where
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Anot her enbodi nent of the present invention relates to a conposition for
enhancing the inhibitory activity of NAD , NADP', NADH or NADPH dependent
enzymes by conbining the use of polyphenols capable of binding to the

enzyme cl oseAﬁoﬂuetr%boaﬁﬁénV%f $H1é srersaqr&&%sﬁ@r ﬁ?omaeaatwn%eufomgaueﬁér The
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t he substrate analog inits ternary IexE&-A- or SSA-E nglex) are
bound so ti dﬁteW°$€@8h%féh%'ﬂVW'PBHh¢ ﬁ'PﬁYmet'%)Pf '3”@(%@%'%@8@@5?‘ anal og (A)
barely

Another embodiment of the present invention relates to a composition for enhancing
the inhibitory activity of NAD*, NADP*, NADH or NADPH dependent enzymes by
combining the use of polyphenols capable of binding to the enzyme close to the
active site thereby forming a ternary complex. The inhibitors include 2'-hydroxydiaryl
ether or derivatives thereof, preferably 2'-hydroxydiphenyl ether or derivatives
thereof, more preferably triclosan.

Examples of ternary complexes include a complex formed of Plasmodium falciparum
enoyl-Acyl carrier protein (ACP) reductase (PfENR), triclosan or its derivatives or
analogues; or hydroxydiphenyl ether and polypheno! exemplified by quercetin
wherein the overall inhibition constant is 280.6 + 11.78pM.

The inhibitor inhibits enzymes that use NAD* or NADP” or NADH or NADPH as a
cofactor by promoting a ternary complex formation between the inhibitor which is an
analog of the cofactor (1), their substrate(s) or an analog of the substrate (A) or the
substrate (s) itself and such enzymes (E). Essentially in this complex both the



di ssociates fromthe ternary conpl exes such as E-A-1 or E-A-S. The formation
of such a ternary conplex thereby conpletely inhibits the target enzyne.
Substrate anal ogs are nol ecul es that can be recogni zed and bound by an
enzynme because they sufficiently resenble that enzynme's substrate. However,
the enzyne is wunable to affect the analog in the sane manner it can affect
its natural substrate. Thus substrate anal ogs can be efficient inhibitors
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2' - hydroxydiaryl ether or a derivative thereof as represented by Formul a 1
Formul a 1 RISURsitate Rpalggs a molpeulesipatrean/beRBCogRizeRANHPOFDRG AyilkA eNZynRl, R2, R3,
R4, R5, Rs, S CH, CHO
AR @Zaus@ne&mﬁ%igmare%t@qwgha&e ﬁéﬁ&kedhe ér{zgﬁb% S
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group. SurprTrﬁjk@gbétratéiaﬁ‘é?@q%oéﬂ?\dbegbﬁblérﬂrmﬁlﬁtoﬁ'shéﬁa@fveﬁ%éfﬁ%@ ploce§hnd1as a - S
or -CH2 noi etx i n place the central - grou does not have an inhibitory

ef fect on t I8N RIKYIde WQQER OPRAFYAtSS fAuMISHtHdYh BIRlpSIcR NGRS BQIeCH B r ef or e, such
conpounds are not 7 enconpassed by the term"inhibitor" of the present

di scl osure. The inhibitor or substrate analog (A) could also be a

2' - hydroxydi phenyl ether, nore specifically triclosan

(2',4,4" -tri ﬁmoﬁ{ QS@omX%gﬂgﬁq th%ltoﬁﬁmbol?ﬁhe%oﬂ Iéac‘st fo t%maﬂf Bordplex
hydr oxyd| phenyl ether or or o- 2- | or ophenoxy enolf) The
struct ure offormation with polyphenols, whereln fhe |nh|bltor or substrate analog (A) for

inhibiting the enzymes involved in fatty acid synthesis of malarial parasite and
bacteria and thereby inhibiting their growth is a 2'-hydroxydipheny! ether, 2'-
hydroxydiaryl ether or a derivative thereof as represented by Formula 1,

R4 R1o
R, ) Rg
Rs Rs Re Rg
Rs R,

In Formula 1, Ry, Ry, Rs, Rs, Rs, Re, R7, Rs, Rg, and Ryo are independently selected
from H, OH, CHO, CH3OCHs3;, Cl, NO,, NH,, NHCOCH;, COOH, COOCH3;, CH,OH,
CH.CI, CN, OCH,CH; OCOCH; and CH;NHCH,CH3; and either Ry or Ry has to
have a hydroxy! (OH) group.

Formula 1

Surprisingly, a compound similar to that of Formula 1 that has a —S or —CH; moiety
in place of the central —O group does not have an inhibitory effect on the NAD,
NADP, NADH or NADPH dependent enzymes. Therefore, such compounds are not



triclosan (TCL) is provided below as Formula 2. Formula 2 OH / O 1 Il C1
Cl C1 The pol yphenol s include flavonols or

3- hydr oxy- 2- phenyl - 4H chronen-4-one as given by Formula 3 as bi oenhancers
which are also the inhibitors (viz. 1) for increasing the inhibitory

pot ency of NAD4/ NADP4/ NADH/ NADPH dependent enzynes exenplified by PfENR
EcCENR by substrate anal ogs (A) consi sting of hydroxydi phenyl ethers

(conpounds n%}ngaos ngtcheé? G LioP o]f g}f%?e%r g{iﬂ% @ég substrate anal og for

al dose reductase enzy um Acyl carrier protein
(ACP) reductase (PFENR) and E. coli engjy ACP- reduct ase (EcENR). Likew se
for, al dose Hheduukitesar %%ﬁg?fé agalog |(A)cauid AenBria 2 -drandipheny eihlogwsie st er oi d

5a-reduct as%&@ﬁcaﬂpltﬁcld%ran th'zfaltﬁdm-qmy!ﬁ@b@ ;{rﬁﬁﬁaéxﬁiér%rF@bG]-tr(cweﬁm S=

acet oacet yl A or acet oacet rrier Protei rofol ate

reduct ase (M@ﬁoéyd'@e”)ﬁ‘l%%r%%cﬂh?f‘g? 2 §q‘ﬂ‘5]'q§?@eé%%ph é fFuctuse oK gy al ene)
etc. For mul aricdos3nRECIBRs RioRided Bslow asRErmtla 2R | Rs R3 Rs R4 Y In Formula 3,
X and Y are independently selected fromO, NH, S and CH2; and R1, R2, R3,

R4, R5, RGCI@%J%%—BRQ and Rio are independently selected fromH, CH3, OH,
OCHB OCH2 NH2, CHO, d, CH2OH, CH2Cl, ON, COCOH and COOCH3.

OH
@o
Ccl cl Ccl

The polyphenols include ftavonols or 3-hydroxy-2-phenyl-4H-chromen-4-one as
given by Formula 3 as bioenhancers which are also the inhibitors (viz. 1) for
increasing the inhibitory potency of NAD'/NADP'/NADH/NADPH dependent
enzymes exemplified by PfENR, ECENR by substrate analogs (A) consisting of
hydroxydiphenyl ethers (compounds with Formulas 1 and 2) or glyceraldehydes-a
substrate analog for aldose reductase enzyme; Plasmodium falciparum enoyl-Acyl
carrier protein (ACP) reductase (PfENR) and E. coli enoyl ACP-reductase (ECENR).
Likewise for, aldose reductase (where S= glyceraldehydes or another aldose),
steroid Sa-reductase, E. coli or P. falciparum FabG [EcFabG/PfFabG] (where S=
acetoacetyl-CoA or acetoacetyl-Acyl Carrier Protein), dihydrofolate reductase (where
S= dihydrofolate), squalene epoxidase (where S= squalene) etc.

Formula 3



The pol yphenol s al so i nclude isofavonols, 3- 4H chronen-4-one or a
derivative represented as Fornula 4 as bioenhancers which are al so
described here as inhibitors (1) for increasing the inhibitory potency of
NAD / NADP' / NADH NADPH dependent enzynes for conpounds with Formulas 1 and
2; Plasnodium fal ci parum enoyl-Acyl carrier protein (ACP) reductase
(PFENR), E. coli enoyl ACP-reductase (ECENR), al dol ase reductase, al dose
reduct ase (where A= gl yceral dehydes or an alﬂgee), steroi d 5a-reduct ase,
bacterial FabG ( where A= acetoacetyl -coenzy acet oacetyl - ACP) and Fabl
reduct ases, di hydrofol ate reductase ( Bygre diRgdr of ol ate), squal ene
epoxi dase (mhere A= squal ene) et & Formul a RR XRS Ro RRy 3 R Y
R6 R8B Rr |In Formula 4, and } ly selected fromO, NH, S
or CH2 and R1, R2, 9 RS, d Rl O are i ndependently
selected fromH, CH3. OH, , N2, cHo O, CH2H,
CHzCl, ON, COOH and COOCHS. phekgl s REso i nclude flavanones or

2, 3- Di hydr o- 2- phenyl chr onefRs%- on&” repfeseReed bel ow as Fornula 5 as

bi oenhancers which are al so descrij bedhere as inhibitors (1) for increasing
t he inhibitory potency of NAD / NBaP' / NADH NADPH dependent enzynes;

Pl asnmodi um f al ci parum enoyl - Acyl carrier protein (ACP) reductase (PfENR),

E. coli enoyh Fofil4 edx%asfearéﬁﬁ@ﬁ@adenay Qeéaé@frérﬁ@qwseﬁand ghdamg R,educt ase
(where A= gll¥cer al de yde), ster oi d ba-reduct ase, EcFabG a

Rs, Re, R7, Rs, Rg, and Ryp are independently selected from H, CHs,
OH, OCH3, OCH,;CH3 OCOCH;, NH; CHO, CI, CH,OH, CH.CI, CN, COOH and

COOCHs.

The polyphenols also include isofavonols, 3- 4H-chromen-4-one or a derivative
represented as Formula 4 as bioenhancers which are also described here as
inhibitors (I) for increasing the inhibitory potency of NAD*/NADP*/NADH/NADPH
dependent enzymes for compounds with Formulas 1 and 2; Plasmodium falciparum
enoyl-Acyl carrier protein (ACP) reductase (PfENR), E. coli enoyl ACP-reductase
(ECENR), aldolase reductase, aldose reductase (where A= glyceraldehydes or an
aldose), steroid 5a-reductase, bacterial FabG ( where A= acetoacetyl-coenzymeA /
acetoacetyl-ACP) and Fabl reductases, dihydrofolate reductase ( where A=
dihydrofolate), squalene epoxidase (where A= squalene) etc.

Formula 4

In Formula 4, X and Y are independently selected from O, NH, S or CH; and Ry, Ry,



Pf FabG and Fabl reductases, di hydrofol ate reductase, squal ene epoxi dase etc.
Forrula 5 RO Re RR8 t R Rr RBR4 Y In Formula 5, X and Y are

i ndependently selected fromO, NH S and CH2 and R, R2, R3, R4, R5, R5, Re,
R7, Re, RO, R 9 and R' are independently selected from H, CH3, OH OCH3,
OCH2CH3, OCOCH3, NH2, CHO d, CH20H, CH2Cl, ON, COOH and COOCH3. Anot her
enbodi nent of the present disclosure provides a conposition for enhancing

t he i nhi bi th3yRa,cR,j, Rt R7, s, RARNd RpDRre |M&h®htly\@é}9ﬂbdﬂ&mﬁ¢l€aﬂ3 ©HzYyNnes

conprising i |b| nd I clyde 3-ols or
3, 4- di hydro ‘g hen'['?a}“wr Qﬁ&r%n @Hblggép%s stei E 'WC;@ §85£f§§6 as

bi oenhancersCQﬁCUh are al so described here as inhibitors, |, for increasing
the inhibitory potency of NAD /NADP' / NADH NADPH dependent enzynes for

exanpl e, 10rR p&yHéhoe disd %dnﬂ@um\,amls ACyb- mwdlfd EhhEyRined el A6
reduct ase (PfEN ACP-r educt ase é:acENR al doI ase reduct ase,

human st er oi "8P63€E ’F"e‘ﬁ?ﬁ!?‘%éé Foma%t”éﬁl%{?efﬁamfsawﬂc 151 al§Qugrsctibaddiere as
di hydr of ol atighibi®ekI¢l) dsreincregsing elﬁ@|mm&nydm@wcyedfCNArEUNADPaNﬁDRfNAD?JkRi o0 Re t
Rt dependent enzymes; Plasmodium falciparum enoyl-Acyl carrier protein (ACP)

reductase (PfENR), E. coli enoyl ACP-reductase (ECENR), aldolase reductase,

aldose reductase (where A= glyceraldehyde), steroid 5a-reductase, EcFabG and

PfFabG and Fabl reductases, dihydrofolate reductase, squalene epoxidase etc.

Formula 5

In Formula 5, X and Y are independently selected from O, NH, S and CH; and

Ri1, Rz, R3, R4, Rs, Rs Rg, R7, Rs, Rg, R1p and R4; are independently selected from
H, CH3, OH, OCH3 OCH,CHs, OCOCHj3;, NH; CHO, CI, CH,0OH, CHCI, CN, COOH
and COOCHs.

Another embodiment of the present disclosure provides a composition for enhancing
the inhibitory activity of NAD*, NADP*, NADH or NADPH dependent enzymes
comprising inhibitor and polyphenol. The polyphenol includes Flavan-3-ols or 3,4-
dihydro-2-phenyl-2H-chromen-3-ol represented below as Formula 6 as
bioenhancers which are also described here as inhibitors, |, for increasing the
inhibitory potency of NAD*/NADP*/NADH/NADPH dependent enzymes for example,

10



XRlL RARRIRS RS RglIn Fornula 6, X is selected fromO, NHL S or CH2.
R2, R3, R4, R6, R7, Re; Re, RRo and Rll are independently selected from
CH3, OH, OCH3, OCH2CH3, OCOCH3, NH2, CHO, d, CH20H, CH2Cl, CN, COCH and
COOCH3, or O RRp R5, Ks = H -0l RO Ra RB R7 In another enbodinent the
inhibitory activity of the inhibitor or the substrate anal ogs (A)

represented by Fornulas 1 and 2, their derivatives, anal ogues or
{Jhar Irraceut i g?bEéng)om% Wéipér}/m e?m@wt/?dﬁh&rrmfprétéinqn?a{lﬁe@dftbye (ﬁfHNlé}(N Eﬂ@ol’( heh_

ri cl osan- - onpl e resence o ri cl osan- - cat echin
conpl ox or PPN LA USPRRAERENG b AAAASC L BTHAASR: M R0 R SE DG Font e
pol yphenol itacrislefabGatet Fabl rebadtasest dihyisofalatel redndiasss syualédwaépoxiadbsances t he

i nhibitory q&%ivity of conpounds with Fornulas 1 and 2 agai nst the enzyne,
Pl asnmodi um fal'ci parum enoyl -acyl carrier protein (ACP) reductase (PfENR).
The inhibition of the enzyne PFENR inbits the growmh of malaria parasite in
vitro cul turf®mde$o | eading to the treatnment of malaria based on in vitro or
in vivo 11 nouse nodel of the disease. The present disclosure also

descri bes conpositions that are useful for ermhancing the effect of an
inhibitor in inhibiting NAD / NADP4 or NADH NADPH dependent enzynes which
participate in the fatty acid syqﬂhesis&ﬁ A i

AectiBus agents. The inhibition
of the growth of the nalarial pargsite fgll j administration of the
R:

R2
R11
H.

R3

R4

In Formula 6, X is selected from O, NH, S or CHs. Ry, R2, Ra, R4, Rs, R7, Rg, Rg, Ry
and R4 are independently selected from H, CHs, OH, OCH3;, OCH,CH3;, OCOCHj3
NHz, CHO, Cl, CH,0OH, CH.Cl, CN, COOH and COOCH3;, or

Q Ryo

Ry
Rs, RS' =H, -0

Rg Rg
Ry

In another embodiment the inhibitory activity of the inhibitor or the substrate analogs
(A) represented by Formulas 1 and 2, their derivatives, analogues or
pharmaceutically acceptable salt thereof is enhanced by mimicking the triclosan-
PfENR-NAD complex in the presence of triclosan-PfENR-catechin complex or
triclosan-PfENR-polyphenol complex,

in another embodiment the polyphenol is a tea catechin that acts as a bioenhancer
that enhances the inhibitory activity of compounds with Formulas 1 and 2 against the
enzyme, Plasmodium falciparum enoyl-acyl carrier protein (ACP) reductase
(PfENR). The inhibition of the enzyme PfENR inbits the growth of malaria parasite in
vitro cultures also leading to the treatment of malaria based on in vitro or in vivo

It



conposition of the present disclosure can be nonitored by nonitoring the

i ncorporation of [3H hypoxanthine in nucleic acid as a quantitative

i ndicator of the inhibition of the parasite growh; and exam ning snears of
treated cultures for norphological features of the parasite as an indicator
of growth.-Example 2 is an exanple of this nethod. The effect of a conpound
to inhibit the elongation of fatty acid synthesis in a nmalarial parasite,

speci fical | ymblp@ rfauey b thERsbggduct ase enzyme and thus determine its
antimal arial activity can be neasured. The method conprises the

t hot t t t t 1 CoA, | - ACP,
Dt oS! R TS AHATTao Aokl Ak Hal B3 SE0 e Rt
ZUbSt rat es hﬂﬁéeeffac’tt ofrrah a';hltﬂﬂoraclnh\ulttntg MDaN,cli)iB*pouMlDlt-ﬂmAaPE?dhépend‘eaaSU{ ed byf
etecting the e i c, react.i ol l owin e separation o
t he substg r atez?ﬁﬁg%?hag 'f'p%\% g’\?i&@ aclﬁjhs tggﬁ-'ﬁ’g@fre?thoé'siaﬁ?'g%ti ous gi sease may

be caused by |nfect|ous agents such as bacteria and nmalarial parasites. The
present disclosure al so describes a conposition useful for enhancing effect
of an inhibitor in inhibiting al dose reductase, said conposition conprising

an effecti V&'h@mw’ttoncl:ff thengrolatr efrth@ndalarish phispire0dwihg aamirﬂudtrammﬁé
enbodi nent, the F ese di scl osure provides a conpositjon tﬁ y%g hanci ng t he

i nhi bitory atMRPY FQRDP“NﬂBPd' B oFaNRBPH nB?fEﬂd mo
conpri sing nnd:nrbnratwn afr[ﬂ-l]pwlpyxﬂmmd |nsmmteuoaacmahsiasmanmdwmua@eatdsryofttm nary

conpl ex forngt.. t.ween edutaseflav ceral dehyde where
12 gl yceral Qﬁ'ﬁb@@n ?’g tl&eg) B“%lt?é’?e gl §xarw8m8f "g(%y ?t%aﬁ uaegc based from
510 pM to 4forphlogicdl Heatynee of theeparésitg gsMnoihditdter ¢ogr9\ptme~PE»tampL632dseari n by nore
than 10 fol dg ap}geof%gﬁgmogtl on constant of quercetin also decreased

significantly 30 nMin the presence of 75 pM of
gl yceral dehyde The formation of such npl ex therefore can be

successful ly Thereflertaf@ compPH toiiphiai tﬁ%§@“99é'6[]@f fattwacid gynthesis ip @ ealarisht

chronic ﬁoerédrgs”xtbl gpscifRbindittbehes AdRtredudedst dgy@at adatius dedérimitepad hy,
neur

eur opat hy an(iimalarlal activity can be measured. The method comprises the
spectrophotometric measurement of its activity using enoyl-CoA, enoyl-ACP, enoyl

ACP reductase or other intermediates of fatty acid synthesis as substrates.

The antimalarial activity of a compound can also be measured by detecting the
product of the enzymatic reaction following the separation of the substrate and
product by reverse phase-HPLC.

The infectious disease may be caused by infectious agents such as bacteria and
malarial parasites.

The present disclosure also describes a composition useful for enhancing effect
of an inhibitor in inhibiting aldose reductase, said composition comprising an
effective amount of inhibitor and a polyphenol.

In still another embodiment, the present disclosure provides a composition for
enhancing the inhibitory activity of NAD, NADP, NADH or NADPH dependent
enzymes comprising inhibitor and polyphenol such as aldose reductase by ternary
complex formation between aldose reductase-flavonoids-glyceraldehyde where

12



nephropat hy. The term di ssoci ati on constant is a specific type of

equi libriumconstant that neasures the propensity of a |larger object to
separate (dissociate) reversibly into snaller conponents, as when a conpl ex
falls apart into its conponent nolecules, or when a salt splits up intoits
conponent ions. The dissociation constant is usually denoted Kdand is the
inverse of the affinity constant. In the special case of salts, the

di ssoci at i 0Q1I3Fe@féiﬁeﬂ?de @%Lﬁb%ﬁé}e aﬁalsglkoe&r g'lﬁ@r'al%féh% éé@éh%&@ﬂbm 5Fb%rvpr esent
di scl osure a i genhancer ere

ovj des us
o vbhonor dARaARES e Biastneerot 2 Al MG FBGPhagl Suesatn by, e 10D TGEr or
NADH' NADPH dmeeumabtn@nmmt 61fqmuﬁralsalde&mesecesgm@mﬂwoﬁwmmn ehia coil.

The tricl os cat echi ri cl osan- Pf ENR— ol yphenol
T ey comafin ERe AESE G 7 SR oBnids, The ondid el thnde; L
derivatives tnerefomednd@amcensﬂmhaﬁllzacwmhlbmhlldysearedeqnasad)érei thad to dohwatof

aga st Pl SRRl Rl BhPEI IMEASKL G s EALELETREBLE] DoAY LEfuct ase

(PfFENR). The prese osure eral ¥hstant for
triclosan (aephpatbgent ati ve of substrate analogs (A) with fornula 1 or 2
against PFENR with buteine is 84.0 pM In another enbodi nent, the present

di scl osure prHaviedaSditdRiatibh Rfoh§tbﬁ‘tg|sr S%He&nﬂ@ft deC%f) eqﬁﬂ?BmIn‘i‘Q:o%tQM’t than mel ari a
culture in red blood cells EGCG i K/I is 210.9

UM  Quer cet ieaseresghe Pb%’ﬂeaﬂEY <E§u"t @FQ?'|°§Je%t°759RR)iatq W'SéﬁeﬁﬁéfeV@FPMﬁi”FPent t he

present di sc.‘dnmur@nryoaymtglea% erreauta @ﬁfﬂé}dfﬁltsra@tartmﬂo aé c@npcfdeﬁt/@&@btﬂlesi Ber eases

the survival tine {)Fﬁ I_g? erln hH@ygtemi [0 ba rlal

i nfections. WENTh&LPRIGHR | g%ICB@B?’?? bPB?/ 550¢3 Q‘i’risi 'sck'ﬁﬁ‘ﬁw si ng

i nhi bi tor ardénptet yphedhizlthe mhersebﬂthé hfiniotanetaen ol the speealicasaef dalts, ittigoor t ant

secondary rreotabo ites found IES r@st (iorrrmnl consuned beverage |like tea
géae c(alﬁ a

that inhibit Séﬂ%@@”xfﬁﬁs?%‘i?& '8F cgpsé di um fal ci parum at

nanonol ar concentrations. They also inhibit P. falciparumgrowh in culture
wi th | C53 i nThedresentdisaiesiuss afse.providgsiuse obmBpheinol as gNaioenhancer where the

polyphenol enhances effect of an inhibitor for inhibiting NAD'/NADP* or
NADH/NADPH dependent enzymes of bacterial species such as Escherichia coli.

The triclosan-PfENR-catechin ternary complex or ftriclosan-PfENR-polyphenol
ternary complex enhances the inhibitory activity of triclosan or its derivatives or
analogues or pharmaceutically acceptable salt thereof against Plasmodium
falciparum enoyi-Acyl carrier protein (ACP) reductase (PfENR).

The present disclosure provides the overall inhibition constant for triclosan (a
representative of substrate analogs (A) with formula 1 or 2 against PfENR with
buteine is 84.0 pM.

In another embodiment, the present disclosure provides the surprising result of IC50
for the growth of malaria cuiture in red blood cells for EGCG is 191.uM, ECG is 4.7
UM, EGC is 210.9 uM, Quercetin is 20.7 uM and Butein is 49.7 uM.

In another embodiment the present disclosure provides that administration of a
flavonoid increases the survival time of animals suffering with systematic bacterial
infections.
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for quercetin) range. Mdreover, mce treated with 30-40ng/ kg of tea
catechins survived for prolonged periods of tine (10-12 days) as conpared
to their untreated counterparts which died within 6 days of infection,
These tea conpounds also inhibit the mammalian FAS but with Ki in

m cronol ar range, which is far greater than the Plasnodi um counterpart.
Hence, the mammalian FAS is 10,000 tinmes poorly inhibited as conpared to
t he Pl asnodi um fal ci parum FAS. The huge difference in Ki of EGCG between
the host and the parasite ENR underscores the significance of present

di scl . . > D od b .

ol e T ka8 Lo S Dyl SR T

ki neti cs andwhéreio the pplgpfienslGemasiaingily gnpodapteseconsiarysmelaboltess fosad jprthgi ngl y

found that ORBQ(V%r%hnI{I 'Ub'n?urﬁéoo%ef? Agd akd & éﬁaﬁkﬁﬂnﬂ?%@j}g%cwr@tﬁﬁ Eg of EGCG
.

turns out to I cono range Ing on the
met hod of an@f%Rb()fPéfﬁwqdm"%fa{ﬂ’R@déﬂgt ﬁacmpmgkaé@pr@emqslna%| eYrQ’é@thittPn sl ow

i ght bi ndi ngydiRpa 8ich I bLUaFEHAPISE b kbABIR 14!y TRy £ 967 xper | ment s

for the binding of friclosan, a representative o series of conmpounds
were in agr e®RENErcRimhrapge Mpreverc nieg featewavithi 3e-ANO/KA| of 188 £atacBINg uppor t ed

by docki ng sirfitdeer phfided Tpel'l&:ls(‘&'ﬁfﬂer 542 Wby ak RemBalefao Grbramirbated OcCupy
t he cof act or b| ndln slt é) and thus verify the formation of the
hﬁée ytrplg y

st abl e t er nafHNEESRAS s ¢ IRfGeHoR; Hhese dep ORMRAMATTYSO '@EB'&Cl ally
EGCG can be weeshrmalidntead entnmlraku |ﬁﬁn|cr6fno&m'an@§| whicklis fahgreay than thonj ugati on

with triclos or .anot her droxy phe r hydr oxydi ar yl

ether as a cg)r%ﬁ(('ﬂ%ﬁ”f’oﬁm’(ﬁ‘ edaart ﬁ 6‘&"]”?‘%74'[3” {:&g 'Br£%§ h e§c‘?%’g¥|re

provi des net inbiditédbasedngpazed ﬂoan@ﬁlasnbod/srpefaiclbammtRASDfrEBIIRug@dlﬁhencemaI|<1| y

mani pul ate t at tional
drug design Eﬁ?ﬁéa&% s@% o%%ndsl:h% agasﬂ%ﬁ] eﬁsclg'%sutﬁéé'gﬂ? 8§r%£| t agai nst
mal ari a, bacpresérddisclo$wet i on, conpli cations of d| abetes etc. as the tea 14
catechins are non-toxic, inexpensi ve and abundant in nature. This nethod can

be ext e”0'eth‘ié’blr?ldnﬁéJ Bbﬁ&loé’in |§'?Qte/nw by ARRRGEE B FBEYEES b{r 'tH"eefoFf‘Aa%ﬁe

reductase to i cat ar act rmation as a conplicatiqgn di abet es,
steroid 5a- r%ﬁ%’&%a@@a%%f‘@?’f Ry steady-state kinetics and also by [*H] EGCG binding

experiments. It was surprisingly found that of overall inhibition constant of triclosan in
presence of EGCG turns out to be in the low picomolar range (2 pM to 280pM
depending on the method of analysis) and this process followed a biphasic mode
with slow tight binding mechanism. Fluorescence titration and time course
experiments for the binding of triclosan, a representative of a series of compounds
were in agreement with the kinetic data. The biochemical data are supported by
docking studies where it is confirmed that these tea catechins occupy the cofactor
binding site of PfENR and thus verify the formation of the stable ternary complex. As
a result flavonoids/tea catechins, especially EGCG can be used for the formulation
of antimalarial therapy in conjugation with triclosan or another 2'-hydroxydipheny!
ether or 2'-hydroxydiaryl ether as a combination drug.

In an embodiment, the present disclosure provides method to make a flavonoid
specific to PfENR to chemically manipulate the essential galloy! scaffold of these
catechins by rational drug design using PfENR structure. This method can be used
to fight against malaria, bacterial infection, complications of diabetes etc. as the tea
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FabG and Fabl reductases, dihydrofol ate reductase for conbating both

i nfectious diseases and cancer. The use of flavonoids (lI) leads to the
enhancenent in the inhibition of Plasnmodium falciparum enoyl-Acyl carrier
protein (ACP) reductase (PFENR) as well as against E. coli enoyl
ACP-reductase (ECENR) by triclosan an analog of the substrate (A) for this
enzyne because of the ternary conplex formation between PfENR or ECENR, |

and A or ‘(’)‘?a? ﬁ@k % étn'a 6k, .@1 @@'a&%uww .@Rathfe @fcarpgéent' ating

i nhibition ere uctase ternary co orrra 1on (aR-1-A)
bet ween aR, eftendgd e apumBeHgf NAR/ Fglqeéemmj@liyme; hlsesald@ﬁedﬁ@wqt@pé@l

Cat echi ns p%matartabmmaaﬁoﬁIa@%%m%vcahbméﬂ J‘ébe?é% %%M%@Fedh@tx@é Padiéfal ObSEr Ved

with NAD brin e overal|l inhibition constant of triclosan and
Ot her 2 - hy RSk 78 (BN FRUEBTRS: GIRyaTofe (RASBABR r OmAGENS bolb ocions

i nhi bition cggsdsagbndtshcevaried in the range of 1.9 i 0.46 to 280 pMfor
PFENR with the different pol yphenol used. There was a higher inhibitory

t t f i i ti
ootV of s BN el ﬁes?maﬁa@v%n?@?@aﬁ%g%%aw%ezﬁomg
nore effect i faipanym aMy&Apsdlcgrrier prOMB(PéJPémecmbtaee (RENRhas welbasaggostént i at es .
e L 0 oy Eace BbducRREXECAGR, bPINELES S BKIbE L WRSaBsk Al @Nfl OF Per 2

hydr oxydi ary t ha |nc r oX dlp I's serves as
a node for tiseagyme beeaysel 0§kb\edernarmcefnpl§aé¢rm|ath1 b¢tW¢@'thE<NRs0foECEMﬁ’el*ever a

ternary COWD%@QA 50EMRLE QR rRRENRED fHeagﬁmemg QF tﬁ’e h%&oabﬁghe Ratf fined

here as | n enzyne substrate or I1ts an me can be
forned. Thi sinhigitianaf é'ﬁﬁseb@duﬁtﬁ%%(ﬁﬁ’é@ytt@”QW\F@mlexd?ﬁ‘@t'oNAﬁﬁ—'ﬁ ‘RARFtwedre pendent

enzymes | i keaRl|¢@®hamRoid) HHE (PrRraldeh§ddighpamsestegt ase, bacterial FabG and
Fabl reductases, d| hydrofol ate reductase, squal ene epoxi dase and gl utanate

e e9enac ol o BB ok e Mo F 8o S FE PRI SE S S RETBL Bt nas
a dosage randADg [14]ororiti§iog thé d\erdl0hivdition 1&orstaet cncbnq]dssan @nd odthdrh2'- pr esent
di sclosure nﬁ%r&?disﬁiénymeﬁﬁte%r lﬁqhé rE;ic%molar range. The overall inhibition constant Ki*
varied in the range of 1.9 £ 0.46 to 280 pM for PfENR with the different polyphenol
used. There was a higher inhibitory activity of the tea catechins towards PfENR
observed. EGCG in conjugation or in combination with triclosan or its analogs can
be used for developing more effective antimalarials. it was also observed that EGCG
potentiates the inhibition of E. coil enoyl ACP-reductase by triclosan (A} and other 2'-
hydroxydiaryl ethers that includes 2'-hydroxydipheny! ether. This serves as a mode
for treating broad spectrum of bacterial infections or wherever a ternary complex
formation between flavonoids or a tea catechins defined here as | and an enzyme
substrate or its analogs (A) with the enzyme can be formed. This method can be
extended to several other NAD'/NADP* dependent enzymes like aldolase
reductase, steroid 5a-reductase, bacterial FabG and Fabl reductases, dihydrofolate
reductase, squalene epoxidase and glutamate dehydrogenase.

In some of the in vitro experiments of the invention, the inhibitor has a dosage
ranging from 1.0 pM to 100 uM and the polyphenol has a dosage ranging from 100
pM to 100 uM.
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t herapeutically effective amount to a subject such as a mammal such as a
human. Therapeutically effective anmounts of the conposition of the present
di sclosure nay be used to treat, nodulate, attenuate, reverse, or affect
malaria in a mammal . As used herein, the term"treating” refers to
reversing, alleviating or inhibiting the progress of a disease, disorder or
condition, or one or nore synptons of such disease, disorder or condition,

t 0 which SUC‘i‘hetc,%Fr@‘Bgﬁﬂ 6f€iﬁe prééeﬁe%%gnoa%ma be aEFnFrﬁsQérbE'% may also refer to

decreasing the or I ncidence th occurrence of a disease,
di sorder or tB‘%fﬁEﬁ‘tt'P@W qffﬁCta’er?Hl%'ﬁq t°e§§uéléﬁﬁﬁa%éls 2 praginal §ueh s Bmaont r ol

popul ati on, ﬂfera%%uﬁd&ﬂpéﬁ&%é Smblis m@cmbn Bf the bresent digcRRbigent . For
exanpl e, as used hereirn, " er to_preventing a disease,

di sorder or "B ¥5edio tr%ﬁdm%@}atPn%TeUHPégdéYeé% ﬁbaffﬁ"t PReja 3 MMMk onset  of
a di sease, disorder or condltlon or delaylng or preventing the synptons
assom at ed di sease, |,so de;, condi t erej n “"treating"
s ehmel o6t e g RN yeipieds Fprsinamiexaling SRR or condi ¢ an
or syrrptoms pregrsmfatcﬁ@ba\setcfso&mbr chrairias &or oflé thdrersyﬁiptdhwwlstutron pri or to a
manmal ' s aff Q i se, disorder. or, condition. Such
prevention Oériera%%fstoﬂ“ﬁ ?or}dﬁ'gﬁi' té%@ﬁi*& %fm 3"%‘%&? lése cﬁ‘ferse&‘ der or condition
prior to af f'treatingbmay elsatefsr tb detreasingitiaiprababilitator maidehcet dféheconposi ti on of the
present inve i dl ot at the
time of admdr}‘}:g ?’f)?\gg?%e: Q?gﬁg%rﬁﬁﬂ‘%h‘}é‘qﬁfﬁﬁﬁé‘% ang%ertéta)r? condi tion.
As used hereuntreattedeamtrqhgoptﬂmpnam@@cpmbyedtqihpswemamfgaltpnermrecurrence of a

di sease, di Spron Qior GAMbIL 21,588 nleir Aol WMy Fofe¥ (B Bt SOC at ed wi th

such di sease, disor er or condition "treatnent”
"t her apeut i ccbﬁela§e dispgdey opePngiion and mayfiegludelelaying o prayentingdae gt as

"treating” i adkRhid@ftoriRPYEconifion %frti@lﬁilhg’gr ERIABGg theSymplogded to nmean that
amount of an agent that | s sufficient o treat, prevent, or inhibit nmalaria

or a di seaseS8pciapdwithia disgase disarderongonditionn s tsed NESRINgY6RINSY MaKF ect i ous

di sease suchaigsrefer & r%@@éﬁ{i tﬁé%@@érw &G ddeclabe, Aisbrtet 6F ¢oﬁhHutn§vﬁ>6§$)ﬂﬁ>tomd n sone
preferred enbodi. t he di sease or disord a?fSOCI ated with

malaria is 236G ‘F)V't'%ls‘l‘-‘sf ??66? [5OFrier qsgandition, prgr o amag'/“m?is bgtien parum P

vi vax, P. with the disease, disorder or condition. Such prevention or reduction of the
severity of a disease, disorder or condition prior to affliction relates to the
administration of the composition of the present invention, as described herein, to
a subject that is not at the time of administration afflicted with the disease,
disorder or condition. As used herein "treating” may also refer to preventing the
recurrence of a disease, disorder or condition or of one or more symptoms
associated with such disease, disorder or condition. The terms "treatment” and
"therapeutically," as used herein, refer to the act of treating, as "treating” is
defined above.

An "effective amount” is intended to mean that amount of an agent that is sufficient
to treat, prevent, or inhibit malaria or a disease or disorder associated with malaria
or another infectious disease such as a disease associated with a bacterial species.
In some preferred embodiments, malaria or the disease or disorder associated with
malaria is caused by a Plasmodium parasite, preferably, P. falciparum, P. vivax, P.
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16 ovale, or P. malariae. A conposition of this invention may be
adm ni stered for prophylactic treatnent to prevent infectious diseases
caused by nmal arial parasites, bacteria and other infectious agents. The
conposition would be adm nistered to a subject such as a hunman patient who
is at risk for being exposed to or devel oping an infectious disease.
Exanpl es of this are health care workers, people who are imunoconprom sed,
bei ng hospit gldig@dp. MbRYEd.| ers or anyone el se who seeks preventative
treatment. The conpositions of the present invention may be administered to

manmal s vi a i " nare ral.( s, .l ntravenous,
i ntramuscul aﬁ%O%Pﬁ{'t}oégﬁ é@%@keﬁlﬁg mlaRfLogsalﬁ l&‘h”@%’%?ﬁ°?§h°§§??%°§%§ g'l%je,nt }Ont ranasal ,
topi cal or tpressddfedibus dieeases caused bymataniel pasasites, bactpaa ehd otherut es. I n
general , the tnhii I : 1L A i es ranging

f rom about o{“iéaﬁ%‘gt%?géﬁoﬂ%d%%&g@?“@Qﬁ?aﬁﬁ%%&&n%%%ﬁ%&%d&?ggg doses
(i.e., from human patigobwho ipat rigkdyr being axposagio pudevatopinganvnfettioupecessaril y

occur dependhiggaslépg,;bl,ﬁﬂpgs &Eﬁig%?etaw@g%ggmrk@g'ep &R&diet i on of the subject

being treated, as we as > particular route of admnistration chosen.
However, a di¥Bigecerapemisedabeinghespitaliged, travejlerssr aaueiete's® Whaggeky to about 5

gm kg body priehitiveeeatdnt. preferably from about 01 ng/kg to about 100
ng/ kg body weight per day, is nost desirably enployed. Neverthel ess,

vari ations may occur dependi ng upon the species of animl being treated and
i ts individufthe EeftRMisAs bfdhe prRéht REhtbaBdlibe @miNisteledas mamnidevia ype of

phar maceutical, formul ation chosen and the tine period,and interval at which
Such ad ni e PBPePesERpRALa g e SFeEEHs MrBSHsecraaosE | evel o bel ow
the |ower |i mirtstehatdng isflsioe teeholques) gectatpiytranaealnopiealtdn ransudenalat e, while in
oi do ef foot s dr Bt BAER T € RefRY ol Re N BBt ane L LEN fORpIGRRTY e
i nto sever al aeragiinistered $n daxes aahgingi fonT attoub® 1 My to agbid HO0 trigepead dgy, iMThe
B

necessarily occur depending upon the species, weight, age and condition of the

subject being treated, as well as the particular route of administration chosen.

However, a dosage level that is in the range of about 0.1 mg/kg to about 5 gm/kg

body weight per day, preferably from about 0.1 mg/kg to about 100 mg/kg body

weight per day, is most desirably employed. Nevertheless, variations may occur

depending upon the species of animal being treated and its individual response to

said medicament, as well as on the type of pharmaceutical formulation chosen

and the time period and interval at which such administration is carried out. In

some instances, dosage levels below the lower limit of the aforesaid range may

be more than adequate, while in other cases still larger doses may be employed

without causing any harmful side effects, provided that such higher dosage levels

are first divided into several small doses for administration throughout the day.

The compositions may also include one or more of pharmaceutically acceptable
adjuvants, carriers, diluents and excipients.
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17 The conpositions of the present invention may be adm nistered alone or in
conbi nation with pharmaceutically acceptable carriers or diluents by either
of the routes previously indicated, and such admi nistration may be carried
out in single or nmultiple doses. Suitable pharnmaceutical carriers include
solid diluents or fillers, sterile aqueous nedia and vari ous non-toxic
organic solvents, etc. The pharmaceutical conpositions can admnistered in

a variety OfTHEQfo&ﬂﬁsﬁl@ﬁsfﬂft@&bser@ﬁwér&bh@ia% beGapmidteRd alopgenges, troches,
hard candi es al ves itor ellles

Dol 5. *past eccoriAtgn i R hEsEa R R mads e s of SRR it b
EOl ut ![ ﬁng erolites peavioayly inpicateainand sueh latikiistration rdagshgealnrﬁexranlrcamglé)fa pr epar ed
met hods Q es are

0T ven by vy Sr T (e R et thetiealiEiers RO ok U SIBRRL Dot be

const rued t ostérileraquehe medtam\dorbnqwsewemxm organit soiventsl etci $h¢ 0 be under st ood
Lt Dot hel AU BBk PRGN B1dDEr dRBbORIAT Rt 21| €

description ‘are ~exenp anatory onl are’ | to provide
further expl asntablebncatwrsules H@zengssem)cmn kasd ga@nmnDWdemmeS CFGBm§rrpI e 1

Cul turing ofg vesféﬁlljpﬁbei:?t%Fléé{';ji res%”él@p@%éé“ﬂé@ﬁsr %|n'ﬂné:r%<2a (E&dssensitive, 1C50 18

nM i sol at ed rom Kar nat stat ia and a chl oroqw ne resistant
strain (M- 1WSP¢’I%ID‘Sf'OlleCtéh'leéPb'HQnsné"Xgﬁ)@nyﬁﬁ)a”ﬂr“ﬂﬁﬂiklehe Mahar ashtra state of
India were cultured in washed human 0+ erythrocytes using the candle jar

et hod [ 18] . THeUddsHgErorRsIbah Md brapAed B fidtis ahdYebitidues kn¥ws inahaaged daily.
Parasites were synchronized at the ring stage with 5% D-sorbitol for all

and the cultures were pooled at ring or trophozoite stage wth 12-15%
parasitem a. Free parasites were released fromthe red blood cells wth
0. 15% saponin. Exanple 2 18

The following examples are given by way of illustration of the present invention and

should not be construed to limit the scope of present invention. It is to be understood
that both the foregoing general description and the following detailed description are
exemplary and explanatory only and are intended to provide further explanation of
the invention as claimed.

EXAMPLES
Example 1
Culturing of P, falciparum

P. falciparum strain FCK2 (CQ sensitive, IC50 18 nM) isolated from Karnataka
state of India and a chloroquine resistant strain (MP-14; IC50 for chloroquine 300
nm) from the Maharashtra state of India were cultured in washed human O+
erythrocytes using the candle jar method [18]. Culture media with or without
inhibitors was changed daily. Parasites were synchronized at the ring stage with
5% D-sorbitol for all and the cuitures were pooled at ring or trophozoite stage
with 12-15% parasitemia. Free parasites were released from the red blood cells
with 0.15% saponin.

Example 2
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G owth inhibition assay: CH hypoxanthine incorporation The gromh of P.

fal ci parumwas quantified by neasuring the incorporation of [3H

hypoxant hi ne. Al iquots of stock solution of EGCG (as a representative of

fl avanoi ds anongst the conmpounds with Fornulas 3-6 representing

bi oenhancers/inhibitors (I) or substrate anal ogs (A) anobngst conpounds wth
formula 1 and 2 herein exenplified by triclosan or both (1) and (A) in DVSO
wer e placed i nGnekthdnbibitidmcasshyt [(Mihypekanthingdnmorpotatione pl at es under sterile
conditions to final concentrations of 1pM 10 nMin 0.005% DMSO into the

i nfect ed hU”a”Tﬁé szFoWir?Sb’lbefaﬁlb%ﬂﬁﬂ%é%’ﬁdaﬁtnﬁéki'b&%@asﬂﬁ@ M@‘mc-B%raRﬂoﬁto?S wer e

pl aced i n candl Lars and i ncubat ed assessing
the growth atl b'h yRowanihige-7Aliayotsead stask isoletian ofAEG‘?ﬁég%atrrewgswtwe@f [ 3H]

hypoxant hi ne fiaR6id€ Aflonddtnahe cecms;wmha@t Wwif Foeilias S§eCkemtbsebing C / mmol
(Amer sham gll and) was added to 5% v/ v i ncubated for an

addi ti onal 20h! negrafinhibitgesy @ ¢, étéit%&”%lﬂéf A EmongstocRTRAYNES Willy s
gﬁ/gsour ed. lSusr)mulernSami 2 nem:mfeﬁ@ﬁﬁme@lby&mw&aztoe%ow hhary ( AI)/:nﬁ Immgo 0. 005% |

. simlar treate and m ntrols, spectivel y.
Vor phot ogy of VR PG efe T atoel sl BPfs, Suli ofaleF b3 e cr ot e
snears of the caedditionedo fibalt doncemtfatioms dhepMiiarmMaoh §.G08% MNIB drtd hhene upt ake

and before har yaatd ke o EMES SuedRliol BHbRRUBILm T PRIRAL | 2

activity of tricrosan I'na helr dose
response cur veplavest ie odedlejars aadinoybaterbati X78C fand, 2810552 BHr asqumnhml ne upt ake

T oo o P RS SALGy 25 Bibdbecy B0 P A oL Rty OAREL "5, 0"

Quercetin 20. 7(5-ButG¥mhdindb cdnceBkatiopl ffor@ a stock of 25.1 Ci/mmol (Amersham,
England) was added to each well (5% v/v), incubated for an additional 20h, the
cells were harvested and the radioactivity was measured. Suspensions of
uninfected erythrocytes with or without 0.005% DMSO, similarly treated were
used as plus and minus controls, respectively. Morphology of the parasite was
microscopically examined by Giemsa-stained smears of the cultures, both
before the start of [*H] hypoxanthine uptake and before harvesting the cultures
for [*H] counts. The antimalarial activity of triclosan, flavonoids and a
combination of both and their dose response curves were determined by
monitoring this [*H] hypoxanthine uptake as an index of the parasite growth.

Table 1. IC50 values of catechins on P. falciparum culture.

Tea extracts 1C50 (uM)

EGCG 191.0

ECG 4.7

EGC 210.9

Quercetin 20.7

Buteine 48.7
Example 3
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19 In vivo antimalarial activity of triclosan in P. berghel Four day
suppressive test was used for checking the in vivo antinmalarial activity of
the substrate analog (A) with Formulas 1 and 2 nore specifically anong the
conmpounds with formula 1 and 2, flavonoids with fornulas 3-6 and nore so
EGCG alone or in conbination with triclosan. Randomy bred mal e Bal b/c
mce, 6 in nunbers, weighing 22-25 grans were inoculated intravenously wth
10 million Pin \bﬁfgﬁtﬁhalaﬂslm’tmit;zedtrrcaﬁablimeﬁberghéis. After confirmng
parasitema i. e. on the day one of infection a single dose of either

ricl osan, aFé&%Ef%ﬁHréés’iv\é‘% oSl 1S APRANANY tRENIRG PMrbidrbioiclit 3¢ 1 and ECOG

anong the group 0 avon0| . ornmul a 6 was Injected to the mce
i nt raper it ontbal Jupstoate anglogt & ewths Formulasce aado%worr@rspe@ma”mmgum ve days.

Vari ous doseo%Sﬁaunagwm fRPAfadnthdiX ﬁav%nahwﬁhfynﬁﬁlew%daddnn@fe%rz@ @r dinet hyl
sulfoxide in 2 vol ume or EGCG 1 n phosphate buffered saline (PBS) 100pl

vol une al oned'gpe ‘Prd“ cRBPDAPRWIBANGIRSAB. i nj ect ed subcut aneously once a day, for
4 days. G ensa-stained blood snmears for 5 days and thereafter was prepared
fromthe inf Eartcbdwl;arb'reﬁah&let Balb&sm@es 6parmeesy evaigiras 2261 gtamd twersur vi val  of

R T A T e o N
wi th for ml acdfiemiog Etémnem Bl av treodals orfd of tmtdcaon 3-9)gls drsd vheitheor _
S 0nal O %ol Rl SOUERE Sk ekl e SUPERCRRT L, o
of a fl avonoafdomlﬁlet griogp d%faﬂ@vem wih ifermulsn 3tthed sy@sviniegted tofthe myeg ghei

infected mc af a group
of 6 on Day B ﬁtra%ﬁ?@%ﬂ Wy s'M‘o&ﬁan‘éwaMg& m%é@?% co se'*‘cHﬁx)é' d’dygg\/%ribgén A
0. 1M Nad (qtggy of rlclosan and its analogs dissolved in ethanol or dlmethyl sulfoxide in 25

ul volume or EGCG in phosphate buffered saline (PBS) 100ul volume alone or in
combination were injected subcutaneously once a day, for 4 days. Giemsa-stained
blood smears for 5 days and thereafter was prepared from the infected animals to
assess percentage parasitemia. The survival of the mice was monitored for the
following week. Table 2 shows the result offered by a combination of a compound,
triclosan, from within its class with formula 2 and EGCG from flavenoids (formula
3-6) survival for additional days (day 12) as compared to their untreated
counterparts which succumbed to death within 6 days of infection.

Table 2; Beneficial effects of a flavonoid and triclosan combination on the survival

of P berghei infected mice.

Treatment Mice surviving from a Mice surviving from a
group of 6 on Day 6 group of 6 on Day 12

50 mM Na Phosphate 0 0
buffer
Ph7.4in 0.1M NaCl
(PBS)
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20 20 ng/ kg Triclosan in 2%3 1 1 1 DMSO or Ethanol EGCG 30 ngl kg in PBS
6 25 2 + 20 ng/kg Triclosan in 2% DMSO or Ethanol Exanple 4 Effect of
flavonoi ds on the inhibitory potency of triclosan on the incorporation of
[14C] acetate into fatty acids in P. falciparumcultures Fatty acid
synthesis in P. falciparumcultures and the effect of a 2'-dihydroxyphenyl
ether indicated in fornmula 1 and 2 with or without flavonoid was eval uated
by i ncor por 2@ mglg[Ttidickareioefate i nto Falty aci ds [Suroliatand Surplia ,

Nat ure Medi £i ngymsédPRhhnd: 1P7-1731. Al flavopoids in the range| of
15pM50pMiphibited significaptly (30% and nost of the 2'-dihydroxyphenyl
ethers ( coppounds with fornula 1 and 2) in thejrange of 2- 30 pM di m ni shed
to 50-93% ah(tddégb%ag% i"bg8PM for exasple, inhibited 4pothe extent of 90%
t he incorpofation of T[ 4C] acetate into fatty acids by P. falciparum

cul tures. Stri % mgkg Triges#\iBr | co-i ncubation of | fl avonoids (fromthe group
of conpounds osiomBoidi kel & 3, 4, 5 and 6) herein exenplified by EGCG
at.40pM w th-2.0pMof triclosan itself inhibited the incorporation of [14(C
acetate to 90% Exanple 5 Overexpression of PfENR The overexpression of
PfENR was carried out [22]. Al buffers used contained 10 % glycerol. The
purity of thg, ¥%4e was checked by SIDS-PAGE. Purified enzyme was stored
in -20 C at a concentration of 5 ng/mM. Geen tea catechins, crotonoyl-CoA,
NADH, NAD and all the PACE reagents were purchased from Signma-Aldrich,
Kananyci n A Bffert) pFdiaaneids, remathed inhibitarie petency 1 ohstiglossn pPreithe

incorporation of [14C] acetate into fatty acids in P. falciparum cultures

Fatty acid synthesis in P. falciparum cultures and the effect of a 2'-dihydroxyphenyl
ether indicated in formula 1 and 2 with or without flavonoid was evaluated by
incorporating [14C] acetate into fatty acids [Surolia and Surolia , Nature Medicine,
(2001) 7, 167-173].

All flavonoids in the range of 15uM-50uM inhibited significantly (30%) and most of
the 2'-dihydroxyphenyl ethers ( compounds with fofmula 1 and 2) in the range of 2-
30 uM diminished to 50-93% and triclosan at SuM, for example, inhibited to the
extent of 90% the incorporation of ['*C] acetate into fatty acids by P. falciparum
cultures. Strikingly, however, co-incubation of flavonoids (from the group of
compounds shown in formula 3, 4, 5 and 6) herein exemplified by EGCG at .40uM
with 2.0uM of triclosan itself inhibited the incorporation of ['*C] acetate to 90%.

Example 5
Overexpression of PfENR

The overexpression of PFENR was carried out [22]. All buffers used contained 10
% glycerol. The purity of the enzyme was checked by SDS-PAGE. Purified
enzyme was stored in -20 °C at a concentration of 5 mg/ml. Green tea catechins,
crotonoyl-CoA, NADH, NAD" and all the PAGE reagents were purchased from
Sigma-Aldrich, Kanamycin A and IPTG were purchased from Merck.
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Enzynme assays and inhibition studies were perfornmed on a UW-Vis

spectrophot oneter (Jasco) at 25C in 20 MM Tris/HCO pH 7.4 containing 150 nM
NaCl [13, 141. The standard reaction m xture of 100 pi contained 200 pM
crotonoyl - CoA, 100 pM NADH and 30 nM PfENR. All the inhibitors were

di ssolved in DMSO 1 % VN DMSO was used in the standard reaction m xture.
The reaction proceeds by reduction of crotonoyl-CoA to butyl-CoA with the
oxi dati on of ABdY-bARFENRD which is nonitored at 340 nm (cMB4o = 6220 M1
cm1l). Exanple 6 Over expr ession of ECENR The EcCENR gene (Surolia & Suroli a,

Nat ur e Medi Ck 0 6 cI d. i 2 + ressi on
vect or bet \/veenfquga2 Qésla&s rr?: Tnh{]thfb)w \(,:g'?[;fdon SVI9 8 peﬂcilﬂgg IcgfﬁeS ?ansformed
in BL21 ( DE3prgconteiemgtec@psey) bzﬁzpnéﬁs'nrﬁdﬂm%w MtcemtnmrmaHSBimy\Atag f usi on

rotein. The f I 00 at
27C o ndugﬁg%ﬁ% 4 nﬁ\@ ?zﬂdht% r\é@xftﬁ? ﬂ'ﬁ)&\ﬂ’@ o\‘ ﬁboHﬁcHﬁtQFnH&”zoé k}ﬂrﬂé:rrlcgosr?) g)(Gl PTG .

The i nduced &@f: %@W@Dﬂhﬁ n'@lp(fﬁhlﬁ f%‘rth%'nh'bé‘?rsm d'S@é\{eldsnﬂMS@ col | ect ed

by centrifugate Qrv bfsePRas BEBd |ﬂ@|e é&dﬁ}d‘r)eact%ﬂdm)?tuy gHe ?éactloﬂﬁ'gcéé\ﬁr ni ght.
The cells were resuspended in Ofgﬁhycer ol, 1

nmM B- mer capt Bétr?fié’ﬁ?ﬂ” %Fnﬂotsnmh%ﬁéaé&l&w §°A|M‘4h7th91 °é'ﬁ€l"qny%ferﬂt°‘@§f to cati on.
The whol e celvhich ysbitovasatf3uo hheeM cengnotges-gt 15000 rpm for 45 mnute
and the clear supernatant was |oaded on to the N -NTA colum. The colum

was vvashed %ﬂhé 6rr1\/I|mdazoIe in the lysis buffer and eluted with 200 mM
i mdazole in e sanme buffer. The purified proteins were stored at -20 C
Assay of ECENR The assay nethod for ECENR was carried out exactly in the
sane nmanner Querexpeesgionf BCENRSf ENR  Exanpl e 7 Deternination of inhibition
constants of tea catechins: 22 Determ nation of |1C50 val ues

The EcENR gene (Surolia & Surolia, Nature Medicine [2001], 7, 167-173) was

cloned in pET-28a (+) expression vector between Ndel and BamHi| restriction sites.
The clone was transformed in BL21 (DE3) (Novagen) cells to express ECENR as
N-terminal His-tag fusion protein. The transformed cells were grown in LB medium
til 0.8 OD600 at 37°C and induced by 1 mM of isopropyl-1-thio-B8-D-
galactopyranoside (IPTG). The induced cuiture was further grown for 3 h at 37°C.
Cells were collected by centrifugation (8,000 rpm, 4°C, 10 min), and stored at -
20°C overnight. The cells were resuspended in 20 mM tris-HCI, 500 mM NaCl,
10%glycerol, 1 mM F-mercaptoethanol and 5 mM imadazole, pH 7.4 and lysed by
sonication. The whole cell lysate was further centrifuged at 15000 rpm for 45
minute and the clear supernatant was loaded on to the Ni-NTA column. The
column was washed with 40 mM imidazole in the lysis buffer and eluted with 200
mM imidazole in the same buffer. The purified proteins were stored at -20 °C.

Assay of ECENR:

The assay method for ECENR was carried out exactly in the same manner as
discussed for PfENR.

Example 7

Determination of inhibition constants of tea catechins:
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| C50 val ues of the tea catechins and pol yphenolic conpounds for PfENR were
determ ned by plotting the percent inhibition of PfENR at vari ous
concentrations of inhibitory conpounds. In the standard reaction m xture
mentioned in Exanple 1 various concentrations of EGCG or other catechins
wer e added and the percent inhibition was cal culated fromthe residual
enzymatic activity. The percent activity thus calculated was plotted

agai nst | og Détectinationtof Bt500alues respective catechins. The data was anal yzed
by nonlinear regression nethod using signoidal nodel and |1C50 values for
each catechij I t g{ﬁg I rg
concentrati onrbs%g?a%% &%Q tgéjl\)lgt%amg 66 hﬂge wtr%ﬁﬁ%st ?ﬁnélf%gﬁt activity
of PfENR Theeteratinasry nl%ngoihﬁmsfcemﬁ higiipr-ofi RIENB atw@rmumen%@yamalof Pf ENR

activity andinMBforplceinb&hdd I ﬂ‘r%tstérfé@rc{ 5% ﬁ&tu@k@nﬂor{e@ﬁﬁ E&%Jﬂ?@ 1 The
signoidal curve 1ndicates the best fit (A ) Three of

for the ata%a( ure
the tea cate\ﬁaﬁ'PH%c?rEG@@'OE%@ EEE§ onpiher criehis e Agf eﬁg}edmeﬁl and

bult ei n)ENR[va;I Bhibiae® dds edicligha ol theSeditual bﬁzyf’r&ﬂ@@ctﬁtfty 5THeOpe?a&britJ%tfvw the E.
COl |

wer e sel ect th t
conpounds te@tj%ﬁa'mé%%“(ﬁée ?tI'ﬁgr Bt %rgte%%g”“(qs”&ﬁ% 2’860‘3 Vezcﬂﬂﬁh'ris\r/\ﬁi bi tor of
Pf ENR (Ei gur'éheld%a)ta wad healy2e8 By \nahlinear eressitremethodnsing digmaidal rshw/al nc;lc n Table 1.
Anmong the t t C50 2.5
: AP B B8 e e L B P B Sl Rel P07 oa dat a on the

0.078 pM and
t hese corrpounds showed i nproved | C50 val ues

E. coli counterpart [7] all
(Tabl e 3). T¥#ioys FonesptanssenEGECI (CBOM 1 dadl)orergiyspd e detesaine dhed

cat echi ns onacﬁ’blﬁl\lﬁf Fﬁ&E:gR Eﬁ&lyac[em] mmmh@h wgéﬁ/@a&unétsé@rowadhaeeé.&fa@pf@NFt or PfENR

was obt ai ned w t'h | avonoi d (g ENR | C50 ngN’\Qg val ues
with ECENR ¥ty #ndhwes P@“%Géa'ﬂ% "ECEEQP de °b¥?'rbﬁol‘(?'ueeéﬁe?' 085 >100
Quercetin 2. &urvdinié@ethe bést fit for the data. (Figure 1(A))

Three of the tea catechins (EGCG, EGC, ECG) and two polyphenols (Quercetin
and butein), which produced IC50 values in the range of 5 to 30 uM for the E. coli
ENR[7], were selected for the present study. Amongst the five compounds tested
EGCG was the most potent (IC50 = 250 £ 6.2 nM) inhibitor of PfENR (Figure 1A).
The 1C50 values of other compounds are shown in Table 1. Among the two
polyphenols tested quercetin gave the IC50 value of 2.5 + 0.078 yM and butein
12.5+ 0.67uM. In comparison to the reported data on the E. coli counterpart [7] all
these compounds showed improved IC50 values (Table 3).

Table 3: Comparison of IC50 values of different selected catechins on PfENR and
EcENR [7]. The lowest IC50 value (250nm) for PfENR was obtained with EGCG.

Flavonoid IC50 [uM] with PIENR | IC50 [uM] values with
ECENR

EGCG 0.250 + 0.0062 15

ECG 0.500 £ 0.016 10

EGC 7.0+ 0.085 >100

Quercetin 2.5+0.078 20
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8uteine 12.5 0.67 30 Calculation of dissociation constants (Ki) Ki of

i ndi vidual catechins with respect to NADH and crotonoyl - CoA were determ ned
in separate experinents. The data for NADH was col lected at three fixed
concentrations of NADH (50pM 100pM and 200 pM while varying the catechin
concentration from1 nMto their respective |1C50 val ues and keepi ng

crot onoyl - CoA concentration fixed at 200 pM The data for crotonoyl - CoA, was
col l ected at {BGtelneXed.concent rabigNg Pl cr ot onoydg CoOA (100 pMang 200pM
and catechinlconcentration was varied from1 nMto the | C50 value, while
NADH concentration was fixed at 100 pM All the data were anal yzed by Di xon
plot (8]. Kinetic paraneters for all the five catechins were determ ned

i ndi vidual l'y ] fgéé.ﬂ[ %gﬁ‘ 3 9 t he substrate anal og crotonoyl - CoA,
respectivel y’c}@' 5 Of,o%)s 2 saK conpetitive kinetics agai nst NADH
with ECENR [7]. Like wise in the case of PFENR, all the five conpounds
showed conpettit9fy Bdivjdyat icatechips Hwitgaresreptritgy NVAPH ®)d oqteRayEFol Weisws t he

i nhi bition Kigagthieed @f s&@%\/@xbmﬁ@ﬁ@%b data RARADH 33s tWliddidaNR twes assayed

and’ 200 pt | AXeGRONARRE ot o AL PR 4R g 20BNt el o R i e

i nhi bi tion waatedsih eyontentdtiors frog Dinkbto mleIDtresdébtl\léf |Csﬁmes/aamdcwée@mbat ed from

the X-interce us uation f C Ki val ues
are shown i n g?ﬂo EQgA \ﬁg?%nkrggoge&edtag%ﬁ '@uﬁ%etb ﬁré’ oé’ay'kt?o(ﬁ' dte&Snoyl - CoA,
t hese conpourdiecfedl dtdwe dixed conveetrationy ef knotoebyl@A(ﬁoguuMaﬂcC)zoow\ﬁl@dre 1C

Shows the bbb Dol BBl Rl RPN | G5R6€ A (IOt RRRVKaGRA. | The

enzyme PfENRWAsS assaye concentrtation pM
[.] of cr otomomentwmnlwasrfv(e@;eh‘tﬁ@ i ANSie devé okreEGEEBzehby DBON pit (8.  NADH.
Assum ng unconpetitive kinetics Ki was calculated fromthe X-intercept of

Di xon plot. KTﬁé‘ﬁc Elara\ﬁ%'té#@f'f or0d|l thE Givé @%Mdn@ﬂére%@ﬂ%@ﬁnm&&u?%gﬁHétat ed from
t he Di xon GCG was best conpound with | ue  of 67 nM

and the | east°°f‘3'€‘|°\E é%[?"\'/e’”éoWﬁoﬁH?atr%{%sarﬁli’Ee‘?rﬂ'@”W'TCWAKlre%FW@'yofEaﬁ'eQ7 0. 077
PM agai nst  ECBE ALY $hdwd/ sontpefitivelkinets1&airsNADRI WIS, EJENR/E). U@ vagaihnst
crotonoyl - COAheaéa%e % WE?\IR all the five compounds showed competitive kinetics with NADH

(Figure 1B). Figure1B shows the inhibition kinetics of EGCG with respect to NADH.

30 nM PfENR was assayed in presence of 200 uM crotnoyl CoA, 250 nM EGCG

and 50 uM [e], 100 uM [®] and 200 uM [A] of NADH. The cumulative effect of

NADH and EGCG on PfENR inhibition was determined using Dixon plot. Ki of

EGCG was calculated from the X-intercept using equation for competitive Kinetics.

Their Ki values are shown in Table 4. With respect to the substrate analog,
crotonoyl-CoA, these compounds followed uncompetitive kinetics (Figure 1C).
Figure 1C shows the inhibition kinetics of EGCG with respect to crotonoyl CoA.
The enzyme PfENR was assayed at two fixed concentration 100 uM [¢] and 200
pM [m] of crotonoyl CoA in presence of 250 nM of EGCG and 100 uM of NADH.
Assuming uncompetitive kinetics Ki was calculated from the X-intercept of Dixon
plot. The Ki values of the individual compounds were calculated from the Dixon
plot. EGCG was the best compound with Ki value of 79.0 £ 2.67 nM and the least
effective compound was buteine with Ki value of 2.97 + 0.077 pyM against
crotonoyl-CoA. For the other catechins, Ki values against crotonoyl-CoA are given
in Table 4. Analysis of the kinetic data clearly shows that EGCG along with the
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in Table 4. Analysis of the kinetic data clearly shows that EGCG al ong with
the 24 other catechins conpetes with NADH for binding to PFENR and inhibits
its activity by preventing the binding of NADH. On the ot her hand
unconpetitive kinetics with respect to crotonoyl-CoA shows that
crot onoyl - CoA sonehow facilitates the binding of catechins. Notably, such a
potentiation of the interactions of catechins by the substrate for other
e]pzymes Eas otaér datesh :n@mempv@d ar@tarNAmﬂ fo_rE}émamgltgP&Er\:]FPah@m}bitaasaytivihe Sffeﬁt
of catechins_on tri.clasan hin udge t he potency assay and these
assays for tPY RPLLHRY ﬁ'fﬁit?'ﬁﬁg?q 8%“%?@%&*13 ﬁ%?é‘aﬁ(égpﬁor@fg'g‘ée %%93'8? }Nﬁ'@d earlier
[ 14], The effespdctab edthinbyleBolofshdesa toatt eotonoy-QoACSOmetedw efsdilitates et
pre-i ncubat i ; ] 3 ) - ] ' 1.t ri.C n. (150 nM
on"t e acti vangn@BP hbkihs” NsBlois6eh £ pSeh R B oo oCeRSAR 70, o
moni t or ed at by3#%e snbatrafet for otheéreenzpiels hasgrot béerxBentl eartieronoyl - CoA and 100 pM
NADH. Control reaction was set up wthout the addition of triclosan with
tea catechi ngxangle 3% DMSO. The accunul ation of the product [NAD | in each
case was plotted against tinme (Figure 2). The potency assay shows the sl ow
onset of inhhg{'e[,'iz triclosan. In Figure 2 Curve "a" is a control

ou

reaction wt and triclosan, curve "b" is an inhibition reaction in
presence of 150 nMtriclosan, curve "c" depicts the onset of inhibition in

presence of DEveliadt eiatsching onuclemanttindindoxanudgediiyiihe prienpcasay Boh  and
curve "d" sh@use havalid e tIRASAALAMITHOfHENR W bbdigheahnddseiadadidiet i cl osan
were preincubated with PFENR for 30 mnutes, Binding of triclosan to both
PfENR and EcERR TN€ §58¢te?(t394tian o jeanpaipching A1C50myaluesy Bitbrut iprg-Reubtdliet i cs of
sﬁa ﬁat eCEi nsndIWitHBd%gth\piré-mplnma@ﬁmh tri@lfoMW5?aw%ﬁ%d&tivitymfiprm tigate
et her thesg_c oun can c the ect o otentjate
triclosan bi ﬁ&'ﬁ@p"t’%e ﬁ?“@ﬁé TE% g%‘rﬁ"ﬁ'%‘u?fg@ was mgr"\'J@Feéja%n%dﬂdfm laﬁ%'t nt r ol
reaction shoaditionle200 pelatotomseCoA ahADDO @ANADH. aCorar Wattonespeetpto time
(curve "a®) o B3fibL ocifont 3P OBLH GhRSAR ERedfIE HRECHOBMEG! Hhe | mpeded
accumulation of the product [NAD'] in each case was plotted against time (Figure

2) The potency assay shows the slow onset of inhibition by triclosan. In Figure 2
Curve “a" is a contro! reaction without EGCG and triclosan, curve “b” is an
inhibition reaction in presence of 150 nM triclosan, curve “c” depicts the onset of
inhibition in presence of 250 nM EGCG and 150 nM triclosan without preincubation
and curve “d” shows further potentiation of inhibition when EGCG and triclosan
were preincubated with PfENR for 30 minutes.

Binding of triclosan to both PfENR and EcENR is potentiated by NAD" [14]. The
competitive kinetics of tea catechins with PfENR with respect to NADH tempted us
to investigate whether these compounds can mimic the effect of NAD" and
potentiate triclosan binding to PfENR. From Figure 2, it is clear that the control
reaction showed the linear mode of NAD* accumulation with respect to time (curve
“a”), addition of 150 nM triclosan to the reaction mixture impeded the rate of the
reaction in a gradual manner (curve “b"). The onset of inhibition was faster when
tea catechin (EGCG) was added along with triclosan (curve “c”). Incubation of
EGCG and triclosan for 30 minutes with PfENR further hastened the onset of
inhibition (curve ‘d”). Thus, the potency assay indicated that EGCG promoted the
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reaction in a gradual manner (curve "b"). The onset of inhibition was faster
when tea catechin (EGCG was added along with triclosan (curve "c").

| ncubation of EGCG and triclosan for 30 mnutes with PfENR further hastened
the onset of inhibition (curve 'd"). Thus, the potency assay indicated that
EGCG pronmoted the 25 binding of triclosan to PFENR It also hinted that
triclosan behaved as a slow tight binding inhibitor in the presence of
EGCG. Det er nbinding ofitricfos& tcoPfENR. ¢tl atsoahinted that giclenare betfaveti @s taesdove ighéchi ns For
cal cul ating e ion was varied fromO to 700 nM at
two differ eﬁbd'hgﬁecbm)ﬁhconcgﬁﬁggt%?%%gh( around 1 C50 val ue of individual
catechins). _Likew se, Ki .of each catechin was determ ned at two fixed
concentrat i oPe@Fm"laf'PEI%f)é(éﬂf'f'B?Pm inpaesenge pisheipr Fatechingi ng t he
concentration of the individual catechins. Al the data of individual
experiment s teralaughiegi<e thet ticlogam conderittation wesimariedl froen Ods 70@kbhatftes  dat a

| ysi f DEr.i h
St Sept it S0 "BrEaBhen" A6 RoncBale PR MadoB L0
triclosan w tikews&NRe ki of eativ ghtechinl Wap deRirmimad @it dwo [fixeq conqentrat?@nmf esence of
200 nM of EGHZ.LAE 45 nff ?150r h&d ﬂgzmh‘ﬁ?mﬁnryﬁa"me ctoﬂcejntrgtlorp?p% g foll oved

uncomnpetitive Ki et en tion assa triclosan in
presence of S@e¢hing Al tﬁﬁd’a @)@f r'ﬂﬁ}‘ll\'ﬂdu]al gfPermes\ere fé@?ﬁi%ﬂ'@@et@da@gess EGCG

effect on trighesale w%% tHRATor dhtd Qﬁ‘al%@%@ Ki (/élGésQ%@r@ defté?llnirfé%& dgagonpetitive
ki netics with EGCG of triclosan was calculated to be 1InMfromthe

X-i ntercept . emer'm@ﬂ@‘f%%aﬁw&gcqpégfttaﬂDm«aﬁ ektiBht ed the binding of triclosan
to PFENR (Table 1 and Figure 3). Table 4 Conparison of detail kinetic
par anmet er s ofn thberdseacecaft sD+, 6 db¥3 ndpfec triciopdrowvithBIENR wiBicxlouiatpd oy | and

1 uor escencephoh Btk L b Enpd Pt il I bgdonallcaip ol 10 L0 ¥
f 1 uor escencetq hog 0ciéZrmdvhamdyfoliowed uncompetitive kinetics (Flgure 3A) Inhibition assay

of 150 nM ftriclosan in presence of 50 nM [¢] and 100 nM [®] of EGCG was

conducted to assess EGCG effect on triclosan. As seen in the figure triclosan

followed uncompetitive kinetics with EGCG. Ki of triclosan was calculated to be

1nM from the x-intercept. All the compounds tested potentiated the binding of
triclosan to PfENR (Table 1 and Figure 3).

Table 4 : Comparison of detail kinetic parameters of the tea catechins by

spectrophotometric [Dixon plot] and fluorescence titration studies.

Tea Kiw.r.t.* Kiw.rt | Kiof TCL Ki in Ki of TCL

catechins| NADH [uM]i crotonoyi- [nM] presence by
CoA [uM] of TCL | fluorescence
[nM] quenching
[nM]

EGCG 0.186 + 0.079¢ 1.0t 8.0+056| 7.29%1.02
0.00798 0.00267 0.087
ECG 0.291 ¢ 0.102 £ 80t 16.0 + 28.31+5.74
0.0076 0.0046 0.084 0.45
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[nM EGCG 0.186 0.079 1.0t 8.00.56 7.291.02 0.00798 0.00267 0.087 ECG 0. 291
0.102 8.0 16.0t 28.31t 5.74 0.0076 0.0046 0.084 0.45 26 EGC 3.75 2.0t

8.25 17.56 52.718.61 0.054 0.078 0.081 0.67 Quercetin 1,09 0.473 10
0.069 22.0 30.54 7.62 0.089 0.011 0.85 Butein 5.5 0.1 2.97

13.72

14.0

71.02 9.67 0.077 0.42 0.57 To test whether triclosan could potentiate

inhibition of PFENR b

y tea catechins Ki for each catechin was determned in

t he presence of tBG&I| psah75tn |t hi2 £ase 8.phgoNparisbizve &d.netBG3 |Was observed

(Figure 3B).
EGCG gave uncoppetitive

Thetilcs "W to

Figure 3B s tthe edgt @f.,tricl n{on EGCG i nhi bition.
QB)‘% O%B{Bh reQ'Bgzzt Og%a nM ][] and 100 nM [n] of

triclosan as cpAudreetimeent. 09 em|t HB4M & driOH ®OGY| Ki 2200 + EGCER.54wmE.68al cul ated to

be 8.0 0.56 nMin presepggy off thighosgan, The daz%shcwed a mar ked
' . _AS a |nodel conpound,

| mpr ovenent

i nLthe Ki |values af each ilnhibito

the Ki

of EGCG was i nprButeid bys.&fGttior 267 £10 dd3d2vas 60 tullaieeR+8.6he 8.0 0.56
nMin the presence of |[triclosdn whereads iggonas 794 |2.67 nMin the absence

of triclosan. Ear thelrest of ithe conpounds allso, thel potencies were

enhanced by trpitedt QRthet FRRIsEn boulEpaiRlie hnbidh? iPEIdR ol 34 cdédriastiinding to

Pf ENR: Bi ndi ng studi es of

were carried out with PFENR in the

3 EEX A , |
absence and [Br@a8ntaiechyn l”‘LFc SYaINedyInuEE njyeRgace £ ¢f| YiFlatanonn cthisofAse ogr aphy
and filter biunchnfi@titidsinatics Bvasdén3grved YHy@e 33 Eigerar3B sitbwiithe adffed®fC for 20

mnutes in 20.
(specific actfqf®

nM [¢] and 100 nM [ m] of triclosan as can be seen from the Dixon plot. Ki of EGCG
was calculated to be 8.0 £ 0.56 nM in presence of triclosan.

The data showed a marked improvement in the Ki values of each inhibitor. As a
model compound, the Ki of EGCG was improved by a factor of 10 and was
calculated to be 8.0 £ 0.56 nM in the presence of triclosan whereas it was 79.0 +
2.67 nM in the absence of triclosan. For the rest of the compounds also, the
potencies were enhanced by triclosan (Table 1)

Example 9
Analysis of [3H] EGCG binding to PfENR:

Binding studies of [*H] EGCG were carried out with PfENR in the absence and
presence of triclosan by using gel filtration chromatography and filter binding
assay. Binding studies were carried out at 25 °C for 20 minutes in 20 mM Tris, pH
7.4 containing 150 mM NaCl 1 uM [3H]JEGCG (specific activity 5 Ci/mmol), 1 % viv
DMSO and 8 pg of PfENR in 50 pi of reaction volume, with varying concentration
of triclosan,. Briefly, for gel filtration chromatography, 2 ml Sephadex G-25 column
was packed and equilibrated with the reaction buffer. For each run 50 pl of the
reaction mixture was loaded and 20 fractions of 100 ul were collected at 0.25
mi/min flow rate. All the fractions were spotted on Whatman 3 filter paper and dried
before taking the counts. In the filter binding assay method, the reaction mixtures
were directly applied on the activated Polyvinylidene difiuoride (PVDF) membrane
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DMSO and 8 pg of PFENR in 50 pi of reaction volunme, with varying
concentration of triclosan,. Briefly, for gel filtration chromatography, 2
m Sephadex G 25 colum was packed and equilibrated with the reaction
buffer. For each run 50 pl of the reaction mxture was | oaded and 20
fractions of 100 pl were collected at 0.25 m/mn flowrate. Al the
fractions were spotted on Whatman 3 filter paper and dried before taking

t he counts. fixedtime fiftialioreassembd)i Mpe fltesaweneptdsbed wttHnéOO alamréamtiombuﬁeures wer e

directly appéﬁcf&'rié&” 0rid§ gL' eﬁ%%n?@rw %lk%‘éﬁ&gm f4 4o’ gﬁla ﬁ’ﬁ?@%om”bra”e

27 fixed in a 'tration asse ers Werd washe of
reacti on buf érgthe aavhpa@ﬁ\nfadnea@preéd:smg Btwtmarﬂmawdfsemwedon eopupteal s
containing 5 m scintillation fluid and the radioactivity nmeasured using a

Hew ett Pack®#ig dnhdokane Bingiag oF {°Hi acb@walﬁwm@eoncemfan@he6k[3|t+h@c3bi3r(di1 ng of [3H

EGCG al one, concentratio p di cat ed
in Figure 4a16 e ?éﬂgé‘ﬁ{e %‘ffﬁc%nf”lr%et Fag%:nG #he[ ’I‘:*a]ﬁ,@” %(ﬂl%d

pl otted agai (tetind)3Whs Iﬁ@fﬁ@j (a‘gamsb [3H<p BEBAG t( fnee)bﬂongbtnmecmmmgmbnstél'm Tﬁlet erm ne
t he bi ndi ng n f tricl bove

exper | nent s JEPETLEor i ot 37 SUCETNEE Soedicere iibien, e € a0
Finally, to @eieemantaevetmepbatadlmge pmasmcamf1@fJMttn¢|QSaodaluuner4Ct)he presence of
EGCG various concentrations of triclosan were used (25 nMto 1 pM as

i ndi cated i ”Flﬁhl@uﬁ@ detéfhhin®ithd) bihd P! doRsThME i ricibstl inBFEpredeavedr salce at | 0”

bi ndi ng curve in Pr esence of increasin concentratl on of TCL and
bi ndi ng consY2igys S‘P”CEB ations 9f fighosapauersysed oK yifras ingisates e eci procal
pl ot of the s@nwitdat pmi BHIGOG. i[alﬂi]tHGCGith@éd sIhu&atiahrwlhmg eanstianhe for the

above experinen uration b tchard
ot Cor  doubPESTEe oh A cORCHIERI9) SBaT P bA Psame ANt HASLEY Ja inder
eval uati on swa¢ bitaine®i (Rijureg4d)f DPubld feGpEchioplftf dENR warse datal iy zhalvbin the | t er

bi ndi ng assay nd followed saturation kinetics with dissociation constant
of 438 8.2 R)% where [3H EGCG and [3H EGCGh are the bound and free
concentration of éSH] EGCG respectively. The Scatchard plot of the data is
shown i n theThe&ipging gppstasitsior e a;ppvef g;m]erlp_n@j@we@e determined from saturation

plots and by Scatchard plot or double reciprocal plot using equation 2a and 2b
described under evaluation section.

Binding of [PHJEGCG to PfENR was analyzed by filter binding assay and followed
saturation kinetics with dissociation constant of 438 + 8.2 nM, where [*HJEGCGf
and [*HJEGCGDb are the bound and free concentration of ["HJEGCG, respectively.
The Scatchard plot of the data is shown in the inset. The binding of [*H] EGCG to
PfENR followed saturation kinetics (Figure 4A). The dissociation constant was
calculated by saturation kinetics [equation 2a) as well as by Scatchard plot
(Equation 2b) (Figure 4a inset), which gave the values of 438 + 8.2 nM and 512
28.78 nM, respectively. We then calculated the dissociation constant of EGCG in
the presence of 10 uM triclosan. Figure 4B shows the gel filtration profile of [*H]
EGCG binding to PfENR. 2 ml Sephadex G-25 column having a void volume [Vo0]
of 680 ul was used for gel filtration experiments. Gel filtration profile is shown as
plot of the fraction numbers versus [*H] CPM. As can be seen [*H] CPM in the
presence of 10uM triclosan (TCL) [A] were dramatically increased near the void

volume.
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PfENR fol | owed saturation kinetics (Figure 4A). The dissociation constant
was calculated by saturation kinetics [equation 2a] as well as by Scatchard
plot (Equation 2b) (Figure 4a inset), which gave the values of 438 8.2 nM
and 512 28.78 nM respectively. We then cal cul ated the dissociation
constant of EGCGin the presence of 10 pMtriclosan. Figure 4B shows the
gel filtration profile of [3H EGCG binding to PFENR 2 m Sephadex G 25
col unm havi néseanoied seest frae fhgodel figfatieBPrqfie (dguresdll thene iged nbiideablat i on

experinments. m@@{agﬂr’ tthEQ:tohﬁ’tQ o‘?%gu%eﬁgfe%GéFqlﬁ‘_ﬂﬂ’f@@R i h%t %rgéentcg%f frlcRedd. on

nunbers versus esence of 10pM
triclosan (T&Ng "{dA]?aWbé?téd &Yaﬁ@fﬁm K'QGtICEdF@a@eﬁIC)néaql Stcﬁ@hefél plot (rsetine. 28 As
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noti ceable increase . in the counts of boun Rin
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cl osan E at

t | Fi | t t
[ vad-coneen eI REesa o e presslie o FTe2aPE chealatoRe! TC
concentr at i oandvaibtridingl coostbnl dfersed BANM wdd aitaiked)@ouble réGpibcdtGOGf thowed

saturation bi ve I resence of increasing concentration of TCL
and a bi ndi nagrg%)ﬁ%? {ho(\%n 'lefnﬁsf?7 nM was obt ai ned Doubl e reci procal plot of

the sane data is shown in the inset. (Figure 4D). ,Assom ation constant of
triclosan wasFigeteeti Asepciagomeonstant of triciogan wre detgymised tr be 238K hét i cs and

14 0.77 M 1fpy Bjjoéht?urﬁtldneﬁh&rcg%b Pl 0. 76'1\??%%9 d%hble'?éﬁ}‘%salﬁp@t (inddtof
di ssoci ati on const ants were . nM and respectively. From

the above rafii9yleaBe) eH‘eoidﬁa?‘ﬂ‘ﬁmaa‘i%sﬁaf‘tsb‘é%rﬁn@ &i818M; a8 ¢ He3 "M esence of
triclosan presspéarel heroki tﬁ@llaaéweqfamb&b&lecﬁa@ang @afdf iEDRantel Qliteft that thehows t he

D0 0, 2 ko bgo et P, P A el B e AE°C7
presence of $RowWEVHEChinding Hjf ﬁ@p@so@ norhd ipredaicel easrhclssamarmﬁdnrﬁg wvaef the data
yielded a K a:\;/saelsge% &)sfmngVDE mem ranes i'garlrl]nlaasraturatlonabelﬁ vuwfri%a Esae'r\'/’]e g.fromthe

the presence of 10 uM TCL, [°H] EGCG. A non-linear least squares fit of the data

yielded a Ki value of 89 £ 2.3 nM. A similar Ki value was obtained from the

Scatchard plot that has been shown in the inset. Figure 4D shows the influence of

Triclosan on [°H] EGCG binding. [PHJEGCG showed saturation binding curve in the

presence of increasing concentration of TCL and a binding constant of 451 + 7.7

nM was obtained. Double reciprocal plot of the same data is shown in the inset. In

all the above cases saturation curves were plotted using equation 2a and

Scatchard plot by using equation 2b.

Example 10

Determination of association or kon and dissociation or koff rate constants
of triclosan in the presence of catechins

The association rate constants of triclosan with PfENR in the presence of different
tea catechins were determined by monitoring the onset of inhibition in the enzyme
reactions, which contained 100 yM NADH, 200 pM crotonoyl-CoA, individual

catechins at their respective IC50 values and various concentrations of triclosan (0
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Scat chard plot that has been shown in the inset. Figure 4D shows the

i nfluence of Triclosan on [3H EGCG binding. [3H EGCG showed saturation

bi nding curve in the presence of increasing concentration of TCL and a

bi ndi ng constant of 451t 7.7 nMwas obtained. Double reciprocal plot of
the sane data is shown in the inset. In all the above cases saturation
curves were plotted using equation 2a and Scatchard plot by using equation

2b. Exanple fb(yobeMrMmm‘abm wds AasRIyahé additon dfG0 nvnef RIERROEbradacion or kof f
rate constan n the e e chi n§ The associ ati on
Fate const antegiatbh of bR, By bmRuRRS HRPh s PERETEEER N HERERE t ea
cat echi ns welireadegession ewtting usingieqoation@ disvessedetowof i nhi bition i n t he
enzyme reactions, which contained 100 pM NADH, 200 pM cr ot onoyl -

i ndividual  ¢gd %%Bbé?ﬁloﬁt ratd1@bhsta S RECHcKSar fo? OvayiBlis!8&a %QQcNﬁ{JP%{@R
concentrations of triclosan (O e reaction was started by

t he additi onSYrPIexss Mere det b%‘l“t"@a’@ﬂtho‘écl\)gn%@ﬁt 1M srasdrcupated Witk an t he
formation of 1$\lamtn¢1@s“anmnatmqm a0Adiiglal tda@atdying @t-30! rhine@E. THRGE&SSH on et hod

t The dis t ts f
T1 ol osan 1 ol oy 2 Fo 400 fa ieReheke PIEN RpTdses ot ECH Bihed by
d:cl ut |don (rjret llam?blePfNE:MFbufféB ca?ﬂamg dofpiethey BIADK i cﬁcﬁc;rmM -CoA ab @Sfﬂal ?ng 10t EM
i ndi vi dual_te s, ,f.or ion was started w
T000 1ol a di FUPFATRaR of RS Piata 220 1B SR ErecBaishtdey "R wi ¢ 1
buf f er cont aB40l ny emdtret fonmatidhDef GNAD" & mats omatield- $0A fuoctenf ofnthe usiogicent rat i on

O 0PI 2t S o8 TP RELIKAAY corfi BEAGHY DA NBRTB BB 340 P

and the formation flunct
equation 3 t@atget the dissociation constant by non-I|inear regressi on
anal ysis of the data. The dissociation constant koff or k6 was cal cul ated

directly by PhetibsdttatibR @oNdMt koff @F nred«aag:alcolstedtdlrareuyl usy patiag tr@mm usi ng
o e L SOHAL St it alsRER B non fea? RO Wadping e KOT T or
EGCG as a model compound, the koff or k6 of triclosan in the presence of EGCG
was calculated to be 1.6x10"® £ 0.078x10° s For all the other catechins the ko
data are summarized in Table 4. The regain of activity after dilution indicates that
triclosan and tea catechins do not make a covalent adduct with PfENR (Figure 7).
The very slow dissociation constant (ks) reveals that the ternary complex [EI*] is
highly stable and accounts for the extremely potent inhibition by triclosan in the
presence of tea catechins. PfENR was incubated with equimolar quantity of
triclosan and 10 uyM of EGCG for 30 minutes. The reaction mixture was diluted
1000 times with competing NADH and crotonoyl-CoA. Oxidation of NADH to NAD"
was plotted against time. The data were analyzed by non-linear regression using

equation 3. kg of triclosan thus calculated was 1.6x10°s™

Table 5 : Determination of the overall inhibition constant of triclosan in the
presence of tea catechins using steady state kinetics. Rate constants, ks, ks and K*
values were determined using equations 3, 4 and 5, respectively

Tea Association rate | Dissociation rate | Overall inhibition
extracts constant [ks} of | constant [ke] of ks| constant for
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R

was cal culated to be 1.6x10-5 0.078x105 s' For all the other catechins the
koff data are summarized in Table 4. The regain of activity after dilution
indicates that triclosan and tea catechins do not nake a coval ent adduct
with PFENR (Figure 7). The very slow dissociation constant (k6) reveals
that the ternary conplex [EI*] is highly stable and accounts for the
extrenely potent inhibition by triclosan in the presence of tea catechins.
Pf ENR was i ncubated w t|lk; efitiosdrar [fantity of [TCickegpmiand 10 pM of EGCG
for 30 m nutes| The rea(‘[@< Ny mxturerc\Nz}ngqllut ed 1000 times wijth conpeting
NADH and cr ot ohoyl - CoA Hat i on off NAD was plotted |jagai nst tine.
The data were aB&Cgzed t8y4ﬂ0r24l i nea{r16egr0§85| on u’st@Aeequati on 3. k6 of

triclosan thus —Egﬁeﬁ—&ffgd—%va wu""': s—TFable —Det-ermnaati on of the
overall inhibiftl congt an ?P?tl‘l cl 0559 I'n the prgeis%’ﬁce of taa catechins

usi ng steady stB€8& ki ngta.Ts0.1Bat e coh!stﬁfﬁ?s, k5, 5&506&165&* valiues were

determ ned usihn at-of - atrel pecttv id4tion rate

Di ssociation ra 8& &era%ﬁ'ﬂlt ﬁr??gl tion ﬂ%)@??gct S conapsot6a%t1 i ES] const ant

[ k6] of k5 conEBmalnef or 2.'3‘0+B606f t ri 13 sa89 of TC&49[3&£*¢4{,13|\/] [10-3]s I
TCL, [10"5] s-1ECGCCG840241+6—0-07819046—"FESC54 7 7.4 0.68
109 8.6 ECG 6.3 0.135 4.1 0.27 52.06 3.56 Quercetin 3. 1 0.0786 8.7
0.334 280.6 11.78 Buteine 2.1 0.108 13.0 0.809 849.33 64.47 Associ ation

rate constanAsdok.éhorprra@n%eﬁstht {KIhidei bseh &f mthiti%hOSﬁrtn@ésafﬂ %€ dixed
concentration of a catechins were cal cul ated fromthe g/rgggress curves

gener at ed a?"c”é?”tﬁ%f"ﬂ Phiga calechiat Were salcHatedTom te Progresg cd enaRied gave t he

val ue of koesftenfitiing ke dal@tooErquasama a’togmsroams gavsthavhisie WekG; ahgttes M ned by
fitting the val ues of nment determnedlj(gvalues in

i th |
equation 4. FrE A73AqRlEN 85%?&%@{5? {)e é&fﬁ“”e?@é{%@@ﬁﬂ%m U KPP i n Tabl e

5. Low val ueexpkriténtalhddetertrérsed Kaevakleo\m equation 4. The values of ks against each
tea compound are given in Table 5. Low value of ks indicates the slow

isomerization of the weak ternary complex into more stable ternary complex of
PfENR-TCL-EGCG.

The overall inhibition constant (Ki*) of triclosan with each of the catechins and
polyphenols was calculated by equation 5 using the respective Ki values (Table 5)
Ki , k5 and k6 of triclosan with respect to individual tea extracts. Out of the five
compounds tested, triclosan gave the best Ki* value of 1.9 £ 0.46 pM with EGCG.
The overall inhibition constant (Ki*) of triclosan in the presence of EGCG is roughly
50 times better than in the presence of NAD+ where it is 96 pM [14].

Evaluation of the kinetic data:

Initial rate constants were determined using Dixon plot [8] assuming the reaction to
be competitive for tea catechins against NADH and uncompetitive for tea catechins
against triclosan. The data were plotted using the following Dixon equations for
competitive and uncompetitive kinetics, respectively.

L__K,xip 1

v Vo XK, xIST ), (14 Koy
max [S] (1a)
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i sonerization of the weak ternary conplex into nore stable ternary conpl ex
of PfENR-TCL-EGCG The overall inhibition constant (Ki*) of triclosan with
each of the catechins and polyphenols was cal cul ated by equation 5 using
the respective Ki values (Table 5) Ki , k5 and k6 of triclosan with respect
to individual tea extracts. Qut of the five conpounds tested, triclosan
gave the best Ki* value of 1.9 0.46 pMwith EGCG The overall inhibition
constant (Ki*) of triclosan i ”the pregence of EGCG is roughly 50 tines
better than in the prese e;pi;ﬁpﬁﬁ Tt is 96 pM[14]. Evaluation of
the kinetic data: Initial rat® constaits—fere determ ned using D xon pl ot
[8] assuning the reaction to be conpetitilve for teélbtat echi ns agai nst NADH
and unconpetitive for tea catechins against triclosan. The data were

plott edt uf! ng/hﬁféeKEvPhd oA mmﬁe{@@ofgm,tl Vﬁm 13 ?the 1&&(@@ b?(tbl‘jﬁ:s@ﬂéi at(t K~ [S]
unconpetitive kinetics, respectively, 1 K X v V'x K, X v, i ~

(1 oy a1 St sdbsyalgrnoseatin St s e fenqenstonarinabichana i

M chael i s coffist disdocialirsonstant € tHesiKhibtdr. (Eqlatioyit1iaC isf faf eorapetitiskivétrti ng
substrate conc ngrgtion %S%t.%k% is the concentration of inhibitor and Ki is
the di ssoci afl'OA° BINMGRTPEIVE KBeYSShi bi tor. (Equation la. is for conmpetitive
kinetics and 1 b is for unconpetitive kinetics). The binding of [3H EGCG
to PfENR was Taa&indingdof i§HIsBEGFatri FENB whsSnatygeth byl saturadion [a0f Sgeichaydt he

equati ons ZaB%S%&nggs?ﬂ?%iag&%g%gnd [ngﬁgr:?givgybrra. x[SIf Kd +[S] f (2a) Were

[S]b is the ee and I's the maxi mum bi ndi ng of the
S S
[S]b=[ ]bmnxX[ ]f
K, +[S],

(2a)

Where [S]b is the bound, [S]f is free and [S]bmax is the maximum binding of the
ligand being analyzed and Kd is the dissociation constant.

(S, ____ 1 niE],

(5],  K.SL, K, (2b)

Where, n is the number of identical and independent ligand binding sites per
molecule of enzyme and [E]t is the total concentration of enzyme.

Time dependent reversible inhibition can be described by any of the two
mechanisms described below [10, 11]. In mechanism 1, the inhibitor and enzyme
react with each other in a single step bimolecular reaction to form an effective
enzyme-inhibitor complex. This kinetics results either from slow association or
sometimes slow dissociation of the inhibitor.

E+lsSEL (Mechanism 1)

In mechanism 2, the inhibition takes place in two steps, in the first step the enzyme
binds rapidly with the inhibitor forming El complex which, then slowly isomerizes to
a more stable and effective EI* complex

Ky kg
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| i gand bei ng anal yzed and Kd is the dissociation constant. 1S], |I "[E], [S]f
Kd[ S]b Kd (2b) Were, n is the nunber of identical and independent |igand

bi ndi ng sites per nolecule of enzynme and [E]Jt is the total concentration of
enzyne. Tinme dependent reversible inhibition can be described by any of the
two nmechani sns described below [10, 11]. In mechanism 1, the inhibitor and
enzynme react with each other in a single step binolecular reaction to form
an ef f ecti veE +dna\te~iBhi bi t or (Medm@Enam 2)Thi s kinetics results either from

sl ow associ ati on®or *sonetimes sl ow dissociation of the inhibitor. E + | k3
E. 1 (Mechani §inhdth thé mecRafiBaé s SiestimeldNiBial MBI dhvh IbPIirigAEIBitiBh 3feB 5N t WO
steps, inthe first step the enzyne binds rapidly wth the inhibitor

form ng El cEﬁYﬁ'ls@@-V\hi ch, then slowy isonerizes to a nore stable and
effective El * complex k3 kb 32 E+ 1 E. 1 .y 1=.1* (Mechanism?2) k, ks In
bot h t he nechbabiphasic progespcarsesietich isatypitd dorstomntidht biohding imhithiidoi weren step i s
reversi bl e. i_.Rhasi r rvVes i i i f w tight

bi ndi ng i nini D0 BeIERL (P e oo ar SR B sdubRes o DlerB8. g
non-|inear |east squares fitting procedure. P=v xt+(v v,)[t-exp(-kon.xt)]+C
k (3a) Were P is the gancebitradilomxmfk.LHélproduct formed at any given tine
t, vois the initial velocity, vs &g the final steady-g:faﬁlte vel ocity, kabs
is the apparent first order rate constant for the establishnent of the

final steady-state equilibriumand Cis a _ ) _
Where P is the concentration of the product formed at any given time t, vo is the

initial velocity, vs is the final steady-state velocity, kops is the apparent first order
rate constant for the establishment of the final steady-state equilibrium and C is a
constant, non-zero Y-intercept term [12]. Corrections were made for the variation
of the steady-state velocity with the inhibitor concentrations using equation 3b and
3c as described earlier by Morrison and Walsh [10]

k,SQ
Y, =
20k, +58) (3b)
Q =[(Ki'+ It - Et) + 4KI'Ef]1/2 — (K’ + It - Et) (3¢)

Where Ki' = Ki*(1 + S/Km), It and Et are the total inhibitor and enzyme
concentrations, respectively.

k7 is the rate constant of the product formation
ki k
[E+S e ES—E + P}
k2

The relationship between Ki, ks, ks and kqps is described by equation 4.

1

K,
T
m i (4)
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constant, non-zero Y-intercept term[12]. Corrections were nmade for the
variation of the steady-state velocity with the inhibitor concentrations

usi ng equation 3b and 3c as described earlier by Mrrison and Wal sh [ 10] Kk,
SQ V, 2(K', +S) (3b) Q-=[(Ki"+ It - Et) + 4Ki"'Et]112 - (Ki' + It - Et)
(3c) Were Ki' = Ki*(1 + S/Km, It and Et are the total inhibitor and enzyne
concentrations, respectively. k7 is the rate constant of the product
formation KiThi évdrEitBhibitiScorstdrl Ki*kcalduatébyedquatisis.p bet ween Ki, k5, k6 and
kobs is described by equation 4. kanmrk6+ks ( Kl 1+l 1.J+ ( | K 33 The
overall inhibition constant Ki* isycalculated by equation 5. k6 K * =K;x
k,+kj (5) Exam nati ox,’af kt jess curves of inhibition by triclosan in
t he presence of different caethils yielded a simlar pgytern. The control
reacti on was set up with indi vi dual catechins without triclosan and the
rest of the r nt ai n mO to nM_From.t he

pr ogress cur\;ggnc" {? ?fcgg)proﬁ" sscng 3 °f0 ﬁ?‘&gﬂ Yﬁré&'osla&mgfé Hreéﬁ)'?f@e?{tratlon of
triclosan t hdlfﬂerﬁnt cabcfamujylefde@dwrertaatpetteml e ¢dngs! redetonereseset xipovitent i al |y

with tine an%o‘%dugl ggt'\:éf;h;ﬁg i h8§ta{?lci%g£}f%ﬁ5 rtﬁé rQ S ft {ﬂg %ta&%%a(ﬁoﬂaﬂe@ r eaches

rapidly but wth a decrease in's ate ve
that in the ﬁménéremo@ ta €Q0 oMt Bron ﬂws,prqgreselcgs/aﬁ (Iflgmrerfaclt sammbe btateHe

Pf ENR- cat echigiyt for each concentration of triclosan the initial and steady-state velocities
decrease exponentially with time and at higher triclosan concentrations the steady-
state reaches rapidly but with a decrease in steady-state velocity (vs). This implies
that in the presence of tea catechins, triclosan interacts with the PfENR-catechin
complex rapidly to form an initial complex and then slowly converts into a stronger
PfENR-catechin-triclosan complex (mechanism 2).

For each concentration of triclosan progress curve was generated using equation
3a. In the standard reaction mixture, 100 nM of EGCG was added which served as
the control reaction. As indicated in the figure triclosan was added in the contro!
reaction at various concentrations [0-700 nM],

The individual progress curves were analyzed by equation 3a, b, ¢ from which a
series of koss Values were determined for each concentration of triclosan for each
tea catechin. The determined k. values were plotted against respective triclosan
concentrations which resulted in a hyperbolic curve (Figure 6). The hyperbolic
curve is diagnostic of a two phase binding behavior of the inhibitor {10, 11] and
thus proves that triclosan followed biphasic nature of binding reflecting slow, tight
binding behavior with PfENR in the presence of EGCG and other catechins. The
first phase consists of rapid formation of weak ternary complex of PfENR-TCI-
EGCG [El, in mechanism 2] which slowly isomerizes into a more stable ternary
complex [EI* in mechanism 2]

The initial rate constant (kos) for each triclosan concentration added was
calculated from the progress curves using equation 3a. The kqs thus calculated
and the respective Triclosan concentrations was fitted to equation 4 and the best fit
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conplex rapidly to forman initial conplex and then slowy converts into a
stronger PfENR-catechin-triclosan conplex (nmechanism 2). For each
concentration of triclosan progress curve was generated using equation 3a.
In the standard reaction m xture, 100 nM of EGCG was added which served as
the control reaction. As indicated in the figure triclosan was added in the
control reaction at various concentrations [0-700 nM. The i ndividual

Er ggr esls cur yas Wpemohnelrye debystewmbiphase’ﬁahlblbon meéhiawiﬁm'\hbmhtir@ t?ﬁer i es hof
obs val ues e al or eac

tea cat echi n%[f’%a'gget%éé%p 95;%8%3‘8 Q? \Smheé éor eéeéggeaclg%n r'espective
triclosan concentrations which resul ted in a hyperbol ic curve (Figure 6).
The hyper bol E¥ampler\le i s di agnostic of a two phase binding behavior of the
inhibitor [10, 111 and thus proves that triclosan foll owed bi phasic nature
of bi ndi ng r efdoeescenge ahalysis of gritiosahi bikding irbthi présencaiof feaRfatddRinisn t he
presence of EGCG and ot her catechins. The first phase consists of rapid
formation of : - B , nism 2
whi oh o1 ow y | EasetEEaRbYE 8B BEaPtin RS Ble arteitoney e gt <m 2l
mechani sm 2] usihg JokinYvoal Heripa dlugdmeten rine (skeitatipn aod emwntmormcb@mtor

concent rat | gy 3fiagwsRSao G AhAAT FHRTEARENPHERIRFBRAY HeSmbiglg equat i on

3a. The kobs thus cal cul at ed he respective Tric osan concentrati ons

was fitted téw@éfaewmmnata@zrmwmeatt?és°9 Fpr:the@mdg'a\ﬁéumér%PﬂéN%mase

denonstrat e {HaQofdPsfh Hlﬂ@flem &b@&nﬂ&ﬁb@@ttﬁﬂbﬂ@r’aﬁ%éd?ﬂeﬁt%hns hrioGhgsan is
behaving as a Slowﬁéb;f‘%ﬂé\l i nd |n Inhibitor in the presence of EGCG  Exanple
n

11 Fl uor escefiéeang aH, Ft"” eched Bl mlq%apq1clqu@em tedlyeeeseance ea

catechi ns: Htéi@ﬂﬁ%ﬁﬂf&@m%@@wﬁé)&n@ﬁ dffPfENRS(@@o By di4t0retBRIedOPENRE MENt i Oned
el sewhere [14%1 usi nrgq Jobi nYvon Hori b | uorineter. The excrA? ation and
GURTUHERTERI a

em ssi on non X wetedtitgied i '%?aé"”gdio[]%etngﬁt'oéls of trigiAsan™P™OHR react i ons

wer e performed v 3ha1dumrarﬁdez m muureédeacwmtbnmn@ﬁoantnc&isam rhimfihgatvag> C. For
t he bi ndi ng stydi bat e erent tea conpounds

d
at their sat ﬁ?aiﬁ!eﬁé‘g‘é‘gﬁgewﬁr QWRg 6%3??% [é%?wlcuﬁiat lvalue off triclosan.

AF,
Ir0 _F= max

1+ (—ISL)
(1 (6)

Where, Fo-F is the rapid fluorescence change, AFmax is maximum change in

fluorescence, Ki is dissociation constant and [I] is inhibitor concentration.

The onset of inhibition was calculated from the time course of fluorescence
quenching at 340 nm after adding triclosan to PfRNR-catechin solution for 20
minutes. For tight binding inhibitors k6 can be considered negligible at the early
onset of inhibition. So, k5 can be directly calculated from the following equation
[13],

ks[1]

* K, +ID .

Where, Kkqps is the rate constant for the loss of fluorescence.
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tris and 150 MM NaCl, pH 7.4, excited at 295 nm and change in the
fluorescence intensity at the em ssion maxi nrum of PfENR (340 nm was
recorded. PfENR- catechin conplex were titrated with increasing
concentrations of triclosan fromO to 30 NM The difference in fluorescence
intensity upon triclosan binding was analyzed using the foll ow ng equations
[13] to calculate Ki value of triclosan. FF- F - AFm. K + 1 ( | 11) (6)
Wer e, Fo-F Tke inher fittapeftct wasocasrected dg usihgithgdollo@ifigremwaiian [élxi mum change in
fluorescence, Ki is dissociation constant and [I] is inhibitor

concentration. The Oﬂﬁ&lp@,ftllbﬂg‘j b i gypjwas cal culated fromthe tinme course
of fluorescence quenchl ng at 340 nm a ter adding tricl dshn to

Pf RNR-cat echin solution for 20 mnutes. For tight binding inhibitors k6 can
be consi der eWhaegIFbgﬁ ME@o%cted\Guwasdeyce ans s the medsuiedidnenA.Bod 45 can be

directly ca il ﬁ\teegbsfbo tS:HHcIah Ih%l e%\’:\fldﬁgs@ant £the E}afatlorlf Jn]gi] erﬁus&'@ﬁ -

+H 1]} (7) ere rate cons or th uorescence. 35
The i nner f|W?‘éﬂ4€f\§ffTSe@§Pmse|hﬁorrect ed by using the follow ng equation [141,
Fe = Fanti log[(Ael +Ael)l 21 (8) Wwere, Fc is the corrected fluorescence and

F is the measky e.dno@mebm&ing t@PfENQR-catecrﬁf@brﬁdI@( m@féaaeeey%orﬁtbﬁwgrtﬁ@ct i on
sol ution at the XC|tat and e&iﬁ:% vva vel n%t?hs, rﬁsrg ?t el% The
triclosan bi A% OE%SC?"F th?ﬁsé’c 1 Cﬁtn%‘f r&RSh Pedlon,? ring the
rapi d fl uoregtgme8). dam EHENR pFeindupated ivitB 400 N BECErwasagsed al thig stady. of
triclosan (Eigure 8). M Pf E r el t tth ME s used in
this study. Fﬂ&?s@ﬁ%ggna(@/g sg%i“ffe’ﬁl% ﬁq? gﬁ "@PfTWSrﬁa@p Nl %e K}f' echZ sanpl es
wer e excit ed2%dnm and the emission was recorded at 340 nm. Change in ﬂuorescence [Fo-F],

after correcting for inner filter effect was plotted against triclosan concentrations by

using equation 6. The best fit of the data yielded a hyperbolic curve.

The Ki of triclosan against each of the five catechins were calculated after fitting
the data to equation 6. Before calculating Ki and k5 from fiuorescence data, the
corrections for inner filter effect were made using equation 8. In the presence of
EGCG, triclosan gave Ki value of 7.29 + 1.02 nM, Ki for the rest of the compounds
are shown in Table 3. For calculating ks, time course of fluorescence quenching for
30 minutes was monitored resulting in rapid fluorescence decrease for the initial
phase followed by a slow decrease which proves the binding to be a two step
mechanism (Figure 9). The initial rapid fluorescence decrease depicts the
formation of the reversible PfENR-catechin-triclosan ternary complex and the
second phase is the slow conversion to the tight ternary complex. ks of triclosan in
presence of EGCG calculated from the slow decrease of fluorescence using
equation 7 was 0.0072 + 0.84x107° s'. The data obtained from fluorescence

studies are in agreement with the enzyme inhibition kinetics data.

5 uM PfENR was incubated with 5 uM of EGCG served as a control reaction. The
time course of fluorescence quenching was followed for 20 minutes. The excitation
and emission wavelengths were set at 295 nm and 340 nm, respectively. 20 uM
triclosan was added to the control reaction and changes in fluorescence were
monitored for 20 minutes. A rapid fall in fluorescence intensity suggests the quick
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290 nm and the em ssion was recorded at 340 nm Change in fluorescence

[ Fo-F1, after correcting for inner filter effect was plotted agai nst
triclosan concentrations by wusing equation 6. The best fit of the data
yi el ded a hyperbolic curve, The Ki of triclosan against each of the five
catechins were calculated after fitting the data to equation 6. Before
calculating Ki and k5 from fluorescence data, the corrections for inner

filter effectorwatich BREGENRIEGLE®AHEbaPNtePhary %ohb%xanGﬁdéP$oesE§ﬁﬁ
triclosan gay Ki for the rest of the conpounds

are shown in ar'?fﬁlog t%lhelf’&?reégﬁbgetf?r&?fyﬁﬁwgk time course of fluorescence

quenching for 30 mnutes was nonitored resulting in rapid fluorescence
decrease for Expmplerfi2ti al phase fol |l owed by a sl ow decrease which proves the
binding to be a two step mnechanism (Figure 9), The initial rapid

f 1 uor escencepdekihg @ mhlsiRIrs Witht M Qalcip@ruibh®E. 6517 kdids:r eversi bl e
Pf ENR- cat echin-triclosan ternary corrpl ex and the second phase is the slow

conversion t 50 nce of
EGCG cal cul a?*édtn?r 01%%{1# ‘c’tir% 'SW%e &%‘e 1“5?5? %‘F‘geés%cgngégﬁglﬁ]nangé\g@gtl on 7 was
0. 0072 O. 84M®é®la$'0peraTthdwto@mbt]{aﬁGhed fromfluorescence studies are in
agreenment with the enzyne inhibition kinetics data. 5 pM PfENR was incubat ed

with 5 pM of p%a%t.s@rdfqﬁe %& ﬁp%aq.gar@amueemes Tﬂ% cFybe? sHOMRS Ff
fl uorescence quenc |n excitation and

eni ssi on wav&l t(%@B 8 %@HGétanéd%’Fﬁ% @P@ §9$3 n1r989 e%‘t?«gﬁ"ﬁdv@l KB 20 pm
triclosan wagwadese.otd) tiyh%r@&@td’toél {rw: ahd Sfb\niéﬂcbtcé'laﬁﬁfﬂénd Pidbier e@scence vere

The qul ok 38T GPIREFIER. BepeREe E@ek,srs?uaea«;ﬁwe“eﬁa%é SRR

under goes sl oarvettedirstb t inoia toﬁnéthWIthimnMFmﬁbhagéSBFaagr)edC(lﬂ'pd; ane No@nNple 12
Docki ng of Ml bi f al Ch par um and he docki ng

si mul ati ons '%"“L%r?é’e[?é'{‘ﬂ )&&‘%“6’58 'ﬁe Bor‘fgI%Tséﬁglfl\?ﬁE%g{%B?bgéllﬂt gy Qper ati ng

Envi r onnent | (drdtded Wwithe pataitock rpragrarmmheafkeseptoprapace thegimpot feoemaufiles: The

crystal str u%rﬂéiﬁlﬁg ?rfagmental volume and solvation parameters. Inhibitors were also built
using MOE and energy minimized with MMFF94 charges. The AutoTors utility
[provided with AutoDock program] was used to define torsion angles in the ligands

prior to docking.

Docking Simulations: Grid maps for docking simulations were generated with 80
grid points (with 0.375 A spacing) in X, y and z directions centered in the active site
using the AutoGrid utility of AutoDock program. Lennard-Jones parameters 12-10
and 12-6 (supplied with the program package) were used for modeling H-bonds
and van der Waals interactions, respectively. The distance-dependent dielectric
permittivity of Mehler and Solmajer [19] was used in the calculations of the
electrostatic grid maps. The Lamarckian genetic algorithm (LGA) with the pseudo-
Solis and Wets modification (LGA/pSW) method was used with default parameters
except the “maximum number of energy evaluations” which was increased to 2.5
million from 250 thousand. Hundred independent runs were conducted for each
inhibitor.

Modeling of the ternary complex: The ternary complex of PfENR-EGCG-TCL was
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Pf ENR (PDB Code: 1NHG) and EcFabl (PDB Code: 1QSG submtted to PDB

(www. rcsb. org) by Perozzo et. al. [17], and Stewart et. al. [18] and Pi dugu
et. al. [16], respectively, were used for docking studies. The structure
co-ordinates were converted into npl2 format with MWF94 charges assi gned
using the MOE [ Ml ecular Operating Environnent] suite of prograns [16]. The
nol t o2pdbgs utility (provided with AutoDock progran) was used to prepare
the input reacyaved byifiret deskingatheiter chtectimewttalPEASR dorgeaerates theviitarpn

par anet ers. t zed with
WFES char oga el B PR bluis SEa o B St PHREL 2 s
used to defi ?@fqr@?'%‘?rbﬁf tha Jliggesy %U%tﬁe'n Itth%d%mQ)Nr@rOftﬁﬁ%cﬂ@FH@ﬂ Wlﬂﬂ)ckl ng

Si mul ati ons: P@NRjW%R:fﬁoEQ{ nléwkthrggb.ﬁamomduéan@a%f@awaé ab&thtop k§ 80 grid
poi nt s (vvlth 375As aci ng z directions centeredlnthe

active site IgRSTbRY AhR eAL?c"‘GG?’ 'iCEPS%R |“faFt‘§P°5?d AIPE CIHRD R YRR s L RIMARAr d- Jones
par anet ers 1gomflex, @siflg ﬂh%-s@n(esru@tbbéled méhﬁdheaiaeow ShcatAdraciAgasmuns e used for

o - o GG SO SR, SHRos T SRS [ 10) s

used in the esdrguinminieedstodd. 1 kbe/motkepingalsd &bemorganddhérﬂmmd flekibleLami@r cki an
ion

I h h d f
(Lo pSy . ot it Aol Al FaRREHES e bte n 8 SRy me Rt
nunber of eniertyy ligaed. UEte bgent-redeptdn imamciionsrveers exhlduat&! BsingrilPICV@8U f r om 250

h d. h i nhi bi .
Model ing of TRECHLR AR AR e M el BRI 775 R Bt ToL was

37 achieved by first docki n%’ét he tea catechins with PFENR to generate the
bi nary  conpPeskingnatugige ivilo Ewiokgck snew daainteaocatefhinshinlaed, ccaHRyl BAD* Bri ef I y,
the top rankgfding sief (ﬁ’fg”?é 'IM) Déckﬁd@%n@ig@%ﬁalICiIHélﬁ?Jeec!atécﬂln%B@e Sfmatzed 00 runs

of EGCG dock] was chosen nary | ex was
prepared as 5”2'%8&%%6((%'3 rRRIERENIRRP %Wef»t'%%rmoc{e?%é [5‘59:%'?2%% NJBER®d usi ng

Aut oDock wi t AfENR & fRepRBEdted Q\@W_ﬂibﬁ% Uit gortd3Porsdiee EBOB @ ¢b), EERRMNE | oned
above. S nceretppe%err\tgg eJ)s %b Ivrs}ﬁh corresponding EGCG as (4). The figure was

generated using Weblab Vlewerlite and rendered using POV-Ray.

Table 6: Summary of mean docking energies of the catechins as determined from
their individual binary complexes with PfENR

Tea Mean IC50 values with
extracts | Docked PfENR

Energy

[Kcal/mol]
EGCG -18.00 0.250 + 0.062
ECG -15.27 0.500 £ 0.016
EGC -12.31 7.0+0.085
Quercetin | -12.01 12.5+ 0.67
Buteine -11.46 25+0.078

The main reason for the high affinities of these compounds for ENRs is the
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rigid during the docking sinulation by AutoDock, the docked conpl exes were
energy-mnimzed to 0.1 kcal /nol keeping the receptor and the |igand
flexible. This accounts for the mnor structural changes that take place in
the receptor as well as in the ligand. The |igand-receptor interactions
were cal cul ated using LPC/ CSU Server
[http://1igin. weizmann.ac.il/cgi-bin/fpccsu/ LpcCsu.cgi]. Docking studies
wi t h Aut oDoc lextehsive hmmgdnetaondmgmetmmls irivaltiag thedcloydpoxyNgBps. [Ovecdlintesi t e
(Fi gure 10A) a ¢ e rized in
Tabl'e 6. EapRNEST TGRS Tl e g bR Gl e RR R
ri bbons. Pf ENRparsdrfeppaisénm -BdENB  eantriexn acdqunting Horcdrer dnéghendiffinijy RECG as (2),
ECENR is re r The

. REESFAY Rl PN é%r)( AL athbdbi G0/ 6o BARGARA ¢ gﬁ@raﬁﬁor(s

figure was enerated usin Vi ener |te an ender usin Oov- Ray.

Tabl e 6: Sumr&GE with REMNR arstkeRNR. &@é@gi'@émeﬁtwm@smeéhﬁ%mé@ 'fér m ned
from their 'oF‘QGEGQMt%' boh BRRY, lFéHEanSé(ﬁfé s‘édn%%cgeﬁe%?aa% 'r@@ﬁi iqal ues with
extracts Docked Pf ENR Energeygg 18. 00 0. 250 062 ECG
-15. 27 0. 500 thepcqfagior hinging site afithe epzynee. é@?he@léﬁneé‘ﬂws ai@‘%}'f Eiaz?km 0. 67

But ei ne -11. #fierdetfon with@BsidérenaimTipas SABBENR siildr iethBiagBnind fihdbfiNAEsH. of t hese

conpounds for ensi ve dr. din k. invol ving
their hydroxyi’s %W&'V%&Pﬁ?ﬁ@ﬁémﬁﬁm@ W"gq- éﬁbg%ﬁ?\% &r#%tp?ons i s
nore in the ga®gl mbietyahaek TrehEp&dNRomatiphxactioanty ko8B0 cat echi n- ECENR
conpl ex accounting for the higher affinity of catechins for PfENR (Tabl e

7)., As a m)d?% 8378‘3(:‘% %Réﬂ?féiegn Héestbt‘;h‘iz%{rga?ﬁd 8éta @zmg%c‘f%’mdgfb?m and

ECENR The ga g/ f
EGCGin bmary complexes with PFENR and EcENR

Contacts | Hydrogen| Hydrophobic| Aromatic-| Hydrophilic- | Acceptor-
made in | Bonds Contacts Aromatic | Hydrophobic | Acceptor
binary Contacts | Contacts [Destabilizing]
complexes [Destabilizing]

ECGC- 27 21 10 19 2

PfENR

ECGC- 18 34 6 24 2

EcFabl

Benzopyran moiety of EGCG occupies a cavity which otherwise accommodates
the phosphate group of the adenine half of NADH in both PfENR and EcENR. The
hydrogen bonds are comparatively longer in case of ECENR than those in case of
PfENR and hence weaker. Also, benzopyran moiety contributes most of the
unfavorable contacts with the two enzymes and the number of such contacts is
more in case of ECENR compared to PfENR as calculated from the LPC-CSU
server. There is a striking difference in the interactions of non-galloyl phenol ring
with PfENR and EcENR. In the former it occupies the same space as occupied by
the ribose and phosphate groups of the nicotine moiety of NADH, but in ECENR it
occupies the space which accommodates ribose of the adenine moiety of NADH, a
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of EGCG with both ENRs. It occupies the sanme pocket as adenine ring of NADH
in the cofactor binding site of the enzyne. Its phenol ring nakes aromatic
stacking interaction with the side-chain Trp35 of PFENR simlar to the
adenine ring of NADH. It is also involved in hydrophobic interactions with
Leul20. In case of ECENR the galloyl noiety nmakes T-shaped aromatic

I nteractions with Phe93. Table 7 . Conparison of all the stabilizing and
dest abi | i zi nfipodnBGdegeemdead byurtHeCE@ends ibthipgckeionphakeasoreiitbratfor&IR and
EcENR. Cont a% i HHen Hydr ophobi ¢ Aromati c- Hydrophilic- Acceptor- nade
I n Bonds Cont ac omatic Hydrophob| c Acceptor bi nary Contacts Contacts

[ Dest abi li zi ng& corrp exes [ Dest abi | CaC 2721 10 19 2 PfENR ECGC
18 34 6 24 20Vegkale @é‘ﬂrfé\@yF‘é?{a?%ﬁﬂ%tRﬁtV@e”Eé@é%@erﬁ'ég arec ¢re @nehhi ch

ot her wi se acqsravarstas eawtadt@agmmpmsemgfaw@f Pfratipgruadenietsr BENR tBé NADH in
bot h Pf ENR an

The nds are conpar at.ive I I n case
of ECENR thaﬁg{aﬁ%'é r?Y?r%eagTég%gf %P'iﬁiﬁ?aéﬁ’?dthﬁé‘f?@@r %\T@%{{é'eqf .E%%&r%opyran
noi ety cont r cdimaesd WEXENR, t he unfavorable contacts with the two enzynes
and the nunber of such contacts is nore in case of ECENR conpared to PfENR

as cal cul ate .arence in
the interact ?’o%és%%é@ng%g% ﬁdan%\ﬁéﬂn@lm Iﬂr%ﬁ{ Qnd ﬁﬁ@éhﬁ@g%gngﬁ@ Int Ihe
former it ockelfrdsoqcHpies @pm@n@wm@.@wwﬂmm@e@%&p%@ i®hosphat e

groups of thﬁov!i"p‘éthally‘ﬁlléﬂiDbﬁrbélo%n '%anoxp%at'é?adﬁﬁm'é'\ﬁ thé ar&ﬁ@tléﬂ*ir% dhe space
whi ch accommodat es r’i bose ‘of the adeni ne noi et a flip of 180

degr ees, andt“ic'tos?rh?'iq“u@?@ei& @ﬁd%mFW CRPEXPHE RFé‘iF%/‘f“B‘DmIl@é Ffﬁ)’r%’ﬂaiﬁr &Yct i ons
with the enzynme Hineigab triclobah {Yarpkinglal Blagking irterastions taekEeaee and ENR

are mre andbetween the dichloro-pheny! ring of triclosan and non-galloyl pheny! ring of EGCG
leading to a strong PfENR-EGCG-triclosan ternary complex (Figure 10B). The
ortho-positioned chlorine has hydrophobic interactions with the surrounding
Lys189, Tyr181, Thr170 and Leu169. The para-positioned chlorine has
hydrophobic interactions with Met185, Ala223, lie227 and Asn122. The OH on the
phenol ring is within hydrogen bonding distance with O of Ala216 and Gly217. The
chlorine atom on this ring has hydrophobic interactions with Tyr171, Ala236,
Pro218 and Phe232 and the benzene ring has aromatic interactions with Tyr171,
Tyr15, Tyr181 and hydrophobic interactions with 11e233, Pro218 and Tyr171
(Figure 10B). From the above studies it becomes apparent that the ternary
complex of PfENR-EGCG-TCL is very strong and is stabilized by numerous
hydrophobic and hydrogen bonds and mimics the PfENR-NAD*-TCL ternary
complex.

Figure 10B represents the EGCG and triclosan bound with PfENR in a modeled
ternary complex. Amino acid residues are represented in lines, and EGCG and
triclosan are in ball and stick. Atom colors are shown as; C in grey, O in red, N in
blue, Cl in green and S in yellow. H bonds are depicted as green dotted lines.
Hydrogens are not shown for sake of clarity. Amino acids from the pdb structure
with code 1NHG have been renumbered continuously from 1 to 289 for first
monomer. Docking studies were performed using Autodock program as detailed in
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unfavorabl e contacts significantly less in case of P. falciparumwhile for
ECENR the situation is reverse (Table 7). This explains the higher affinity
of EGCG for PFENR conpared to ECENR. Since EGCG is snmaller than NADH in

|l ength and mmcs the adenine noiety better, it occupies the adenine

bi ndi ng pocket. The nicotinam de binding pocket is now partially filled by
triclosan. We know that stacking of the aromatic rings of triclosan and
NAD in the metheasy conplex of PFENR-NAD -TCL play a major role in the

bi nding of triclosan [15, 17], simlar stacking interactions also take place
bet ween the gdjch hgrg phenyl ring of triclosan and non-gall oyl phenyl ring of
EGCG leading to a strong PFENR-EGCG triclosan ternary conplex (Figure 10B).
The ortho- p05|t|oned chl ori ne has hydrophobic interactions with the

surroundi ng M@V"’Tﬁx}?ﬁss'%@ﬁop‘gﬁﬂ’a ign i orecambinant human aldesed chi orine
has hydr ophedduétasei{RLRZ)t i ons with Met 185, Al a223, |1e227 and Asnl22. The OH
on the phenol ring is within hydrogen bondi ng distance with 0 of Al a216 and

G y217. The rahLaLp0s: BhAM AR Nsse La0has, Ld ABhalict: [ SAGIAPNS Wi i1

Tyr171, Ala2 enzene ri
i nteracti onsmmlfld:atﬂwrlmmef tHeyopES), rea?;imgma_manﬂthhyumphﬁﬂ:a gener(fecessibh ons Wit h

| 1e233, Pro2 1 r becones
appar ent thaéé?%}ﬂ{ER%LarE%ta @Ehlg%@b%fgﬁ%?foéﬁ QEQC%@% JIL@OBg yw@té '}a(%%lg and is
stabi | i zed bghaiuigastipndronhist anfl eongddntp jher TGRINA Ipeliter aéﬁ@aﬁﬁfc*ﬁeé@ft he

Pf ENR- NAD' - TgkTdgar+4)avakt cgqm,la Fn u nase d
tricl osan bo&%d2 m éf:orN g%, hg 5&“&98}:‘?{?#&% Qé?ﬁjeh%AEﬁﬁ:ghggl d

resi dues are r?’@ﬁ?”é‘%t‘ﬁt%@Lﬁﬁ '?'T-:Jﬁe%"s @ﬁBXE%@”aEBe C%"F‘ir%l(%é);awa%ﬁré’wf‘r?tbal | and

stick. Atom 3704>®t’|$o@6@0 §ms\nn<ﬁﬁ:ed§ynmnmum aft §rowh @GHtheNat 3v °QHokifext G i N
green and S mﬂ_g‘gl ow. H bonds are depicted as green dotted |ines.

Hydr ogens ar &"-A6¢ ce¥olpremshetedisanigated e theﬂeahﬁ'i’q?ﬁ‘aé%]téﬁ@sﬁ?a@ﬁi’ tai- pdb
structure WNTA rsmerhbl\{bdﬁf@@%exéaﬂmag@awm%hemzwa§ isobjected Yo fhrémeid to 289
for first rmnorrer 5)9 lé ds wer e q_erfo r med % g Autodock program as
detailed in cgﬁyage and loaded on opun ied from Ni-NTA column and the tag was removed

by thrombin cleavage. The His-tag cleaved AR2 was further loaded on DEAE

Sephadex A-50 column (Pharmacia) and eluted with an NaCl gradient. The purity

of the final enzyme preparation was checked on 12 % SDS-PAGE. The purified

enzyme showed single band of ~ 36 kDa on SDS-PAGE and showed similar

activity as described earlier {21]
Example 14

Determination of dissociation constants (Ki) of glycerladehyde in the
absence and presence of quercetin and vice versa with aldose reductase

The dissociation constants for binary complexes (aldose reductase-glyceraldehyde
or aldose reductase-quercetin) and ternary complexes (aldose reductase-
quercetin-glycerladehyde or aldose reductase-glyceraldehyde-quercetin) were
determined by fluorescence quenching experiments as described in Example 11,
For aldose reductase the excitation and emission wavelengths were 288 nm and
342 nm, respectively. Here, 1 uM of aldose reductase was titrated with increasing
concentration of glyceraldehydes (10 nM to 1 mM) and in the case of quercetin
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met hods. Exanple 13 C oning, over expression and purification of

reconbi nant human al dose reductase (ALR2): The cloning of human ALR2 gene
was done as described before [20] with slight nodification. In brief, the
open reading frane of the human AR2 gene (Accession GenBank/EMBL Data Bank
nunber J05017) was anplified by the polynerase chain reaction fromits cDNA
and cloned into the T7 RNA pol ynerase-based vector pET28a(+) vector
(Novagen) . Theopisiots yd) ol WoenMantaseigumephosshatenibuffeh g 7105 anzs @@ imed3 i nt o

BL-21(DE3) cells for expressjion. T lture L), was wn at 37 Ctill
aDs00 of b, s eRvBusePrEaRl Sfhinds . fete e b st PRGN e,
The cel |l s wepreserek|atqedrcetimril pMta diuanteltirt Wwes ptegmubateq avithatt pMtof\etdesé oaded t o

Ni - NTA resip, (i exaz Hi . ' dto
thombi n ol ydad BUq bERA8 i kinhAPRRS nuRR AT lCMAARE” 10 (g
was renoved cangentrationhmentioned\abgee. Simiarlvi for datgrinimgvthel KARD queagetifiiim t her

| oaded on 5 | .U j el 1 n NaCl
gradi ent . %gpplgrl tgél%gélyté%rg@??ﬁgl g@%ézé:%gﬁgg%pg%%?%gwad\%&s&gw}gﬁégjﬁon 12 %
SDS- PAGE. Thaly¢siglfieyde fore‘rﬁzwwt@mwé@raéﬁ gtheausepstin. dfi in aBghekfodr easedsDS- PAGE
and showed siygjel @fcula®éd $tMbthyYushy Rafdns HshtieRd ihEHxalplkl EX P bstalfe

Determ nation of dissociation constants (Ki) of glycerladehyde in the
absence and PI¥EdRI@DIBA. quercetin and vice versa with al dose reductase The
di ssoci ati on constants for binary conpl exes (al dose reductase-gl yceral dehyde
or al dose r ellsid¢ 8sSunearg ef the) dissodiati@r constanis afiplyesakiehydedarsiequeadtict ase-
querceti n-gl %ﬁf%tﬁgehyde or al dose reductase-gl yceral dehyde-quercetin) were
determ ned by Gor escence quenchi ng experinents as described in Exanple 11.
For al dose reductase the excitation and em ssion wavelengths were 288 nm and
342 nm respectively. Here|KLWENVABR2 gl débevaleeiubt abe| fasvaluet riait e wi t h

i ncreasing {concentration Pf gl ycer al dehysdgsce( 10 nl\éff&eéen@M andgfin the case
of quercetirn

quercetin glyceraldehyde
Glyceraldehyde 510 £ 54.0 uM Not applicabie -
Quercetin 164.0 £ 27.1 nM - 15.6+2.1nM
1- 330.1£450uM | 141 £3.1 nM -
Cyclohexylaldehyde
Example 15:

Dosage and treatment of bacterial infections:

The drug administration and assays were conducted as per Sharma et al.
(2003)Triclosan as a Systemic Antibacterial Agent in an Acute Bacterial Challenge
Mouse Model, Antimicrob. Agents and Chemother. 12, 3859-3866 (2003) which is
detailed below:-

Drug Administration. One group of animals was administered subcutaneous (in

mid-dorsal region) or intraperitoneal Triclosan (40 mg/kg) in DMSO (25 pl) or
Ethanol (25 ul). Another group of animals was administered 50 mg/kg of EGCG in
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41 (100 pMto 5 pM in 100 mM pot assi um phosphate buffer (pH 7.0) at 25 Cin
a3 m cuvette with constant stirring. To determ ne the Ki of

gl yceral dehydes in the presence of quercetin, 2 pMof quercetin was

prei ncubated with 1 pMof al dose reductase in the cuvette of 15 m nutes and
then titrated with gl yceral dehyde concentrations nentioned above.

Simlarly, for determning the Ki of quercetin in the presence of

]gl yci g al deh%/ﬂa)-sw t@_ﬁltass.teqfnred @?Qp wﬁé\irﬁélt@récéﬁ?(ﬂ)ﬁ\fe@ﬁbﬁdfgotﬁ @Mbsr@lnyce 3 al dehyde
or m nut es itrate uer cetin. a e r cased were
cal cul ated s®M €$ gaﬁéﬁﬂb& g’&ﬁ%?'{ggg?%i'%%%é ?%QEQ%(%?tEaTi.%%?H@ Data are
shown in Table 8. Table 8 : Summary of the dissociation constants of

gl ycer al dehyde and quercet i ith ALR2 KL with ALR2 Ki value in the K

Jal b 't net 6 e3PRethihegt e Bactiiubiinlce b vt b Ao Blow Jet st

G yceral dehyde 510 54.0 pM Not applicable - Quercetin 164.0 27.1 nM- 15.6
2.1 nM 1- 3 3. - : | e 15:
Dosage and t%%c it é¥5an dt adtera Tﬂ\ﬁ? %&%‘ﬁ%%@%@%ﬁﬁﬁmu on and
assays were ecfqychgen &ee aglinesontginingried’ 6F Uaf bactgriz0E3pQ561653 and préimed Syst eni ¢
Ant i bact eri al«Ag¢ j U Qe I,

Ant i m crob. a%éﬁ%i&kgﬁga%ﬁgm@?/ﬁ@%ﬁdg?ggﬁggggﬁpgggg%voﬁg?%hM??c‘;" detail ed

bel ow. Drug MathiAtpetSchtdSFh 76 GE899988)p of ani nal s was adni ni stered

subcut aneous (in md-dorsal region) or intraperitoneal Triclosan (40 ng/kg)
in DMSO (25 PI) or Ethanol (25 pl). Another group of aninmals was
admi ni st er ed TBOMIEMag MeAniter risyrviyal on an hourty basis.

Beneficial effect of a flavinoid and _triclosan treatment on survival of mice post

bacterial infection

Treatment Survival Time (hr)
1. Triclosan only 45+ 6
2. Triclosan + ECGC 54+ 6
3. PBS treated 812
4, Ethanol treated 82
5. PBS and Ethanol Treated 812
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250-500 pl of PBS. Third group of animals received injections of both
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Chem 49, 3345- 3353. 46 W claim 1. A conposition useful for enhancing
effect of an inhibitor in inhibiting NAD /NADP or NADH NADPH dependent
enzynmes, said conposition conprising an effective anount of inhibitor and a
pol yphenol . 2. The conposition as clainmed in claim1l, wherein the inhibitor
is 2'-hydroxydEcdaimt ether or derivatives thereof. 3. The conposition as
claimed in claiml1, wherein the inhibitor is 2'- hydroxydi phenyl ether or

derivatives §her e@mpodition NRefif MBP SdrhbfdhoPefebtalofBsh lifhililoRl M fnhiviAgr €1 n the

inhibitor is triclosan., 5. The com[:))05| tion as claimed 1n claiml, "wherein
t he pol yphenol NAD'OARIE: < NABK/NADBH o dpPeida’ti $nZyieesof Saifl ageiAeasiioand

but ei ne. 6. TheompARRS iahicBactAs afoaht B dntifitoE hidd &p&lypneer ei n the flavonoid is
selected froma group consisting of flavonol, 1soflavonol, flavanones,

flavan-3-ol an [ J Ve hereof .. 7 conpasi.tion, lained in claim
5, “wher oi 1 t fie TEGOSRONIPH & SRIBERaT bt SRR B2 Sl e

cl ai m 6, wher eiether heddrivativestt®redf. i s catechin. 9. The conposition as clai ned
in claim8, wherein the catechin is selected froma group consisting of

epi gal | ocat eghithegbhBdsitionEGSCLiain®Rl Gl diamatiechdteinE@e inmhithreri eat echin
gallete (ECG. 10. The cocrreghom tion as clained in claim1 further conprising
at | east one ofYa&roxysipliend e cederivetives teRoibl e adj uvant, carrier, diluent or

excipient. 11. The conposition as clainmed in claim1 further conprising an
anti m crobi ak. Therpmpositionl#s. claiined matgiradli whergindise inhiditoragltriclosarl. ai m 11, wherein
the antim crobial conmpound is selected froma group consisting of

anti bacteri ak G@EREMPLsitiGHYs! dBhad irfdiaim 1, wherein the polyphenol is selected from
a group consisting of flavonoid and buteine.

6. The composition as claimed in claim 5, wherein the flavonoid is selected from a
group consisting of flavonol, isoflavonol, flavanones, flavan-3-ol and derivatives
thereof.

7. The composition as claimed in claim 5, wherein the flavonoid is quercetin.
8. The composition as claimed in claim 6, wherein the flavan-3-ol is catechin.

9. The composition as claimed in claim 8, wherein the catechin is selected from a
group consisting of epigallocatechin gallete (EGCG), epigallocatechin (EGC)
and epicatechin gallete (ECG).

10. The composition as claimed in claim 1 further comprising at least one of a
pharmaceutically acceptable adjuvant, carrier, diluent or excipient.

11. The composition as claimed in claim 1 further comprising an antimicrobial
compound.

12. The composition as claimed in claim 11, wherein the antimicrobial compound is
selected from a group consisting of antibacterial compound, antimalarial
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47 conpound, anti protozoal conmpound, antifungal conpound, anti proliferative
conpound and anal gesic. 13. The conposition according to any one of clains 1
to 12 in a formsuitable for parenteral adm nistration. 14. The conposition
as claimed in claim1l, wherein the NAD /NADP' or NADH NADPH dependent
enzynes are selected froma group consisting of Plasnodium fal ciparum

enoyl - Acyl carrier protein (ACP) reductase (PFENR), E. coli enoyl-Acyl
carrier protei cofhpaird, rantipotasal CeropdiR), aafifdudahssempeduntt astiprolittrativei d
5a-reduct ase, | PArd bacterial FabG dihydrofolate reductase
and squal ene epo&gﬂ gs%% %ngEQEe conposition as clainmed in claim1l, wherein
the NAD / NADP' or NADH NADPH dependent enzyne is PfENR. 16. The conposition
as claimed i W-clh§ %”P“\Rﬂ’éla%‘f%d‘?%@ W@“PNAB\%W%? to \ADHR FeADRYt W Bhdent

enzyne i s EcENBarehieral Bamirestapesi tion as clainmed in claim1, wherein the
NAD / NADP' or  NADH NADPH dependent enzymes belong to inf ecti ous agents

Sel ected 1T oM ATEr AdGEART! & hal i AIICA! YRARPChESABIRAGF! B Speci es
and an Api conpl exa ositio I"ai m 17,

wher ei n t he NARbNADRIN dgpendant aruym&elaee:tselectbdofmra Gyropeyp corsistisg iafig of

Pl asnodi um fa @mi, , Pl.asnodi um
mal ari ae. tF%}gB@gM%ICIFgl on Pﬁ%yg{:érfre pmtgh%&@@]q%gmtﬁ]éa(rghﬁﬂ o | asnmodi um
speci es i s ﬁn%ﬁﬁmcamef Ardeipafth "eQQCtaSIEh@%Uﬁbo@d@'@%redgdﬁ%smd| n claim

17, wherein theed@ter b ah/chaAf FabGS batlhf Hadd, Brh%rﬂoﬂ;naé PeuckREShet i ng of
Escherl chia coli and cobacterium tuberculosis. 21. The conposition as

clai med in cPARNEEPOXIPRSCei n the bacterial species is Escherichia coll.
15. The composition as claimed in claim 1, wherein the NAD'/NADP' or
NADH/NADPH dependent enzyme is PfENR.

16. The composition as claimed in claim 1, wherein the NAD'/NADP' or
NADH/NADPH dependent enzyme is ECENR.

17. The composition as claimed in claim 1, wherein the NAD'/NADP" or
NADH/NADPH dependent enzymes belong to infectious agents selected from a
group consisting of Plasmodium species, bacterial species and an Apicomplexa
species.

18. The composition as claimed in claim 17, wherein the Plasmodium species is
selected from a group consisting of Plasmodium falciparum, Plasmodium vivax,

Plasmodium ovale and Plasmodium malariae.

19.The composition as claimed in claim 17, wherein the Plasmodium species is
Plasmodium falciparum.

20. The composition as claimed in claim 17, wherein the bacterial species is
selected from a group consisting of Escherichia coli and Mycobacterium
tuberculosis.

21. The composition as claimed in claim 17, wherein the bacterial species is
Escherichia coli.
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48 22, A conposition useful for enhancing effect of an inhibitor in
inhibiting al dose reductase, said conposition conprising effective anount
of inhibitor and a polyphenol. 23. The conposition as clainmed in claim?22,
wherein the inhibitor is sugar aldehyde, preferably glycerl adehyde. 24. The
conposition as clainmed in claim22, wherein the inhibitor an al dehyde such
as 1-cycl ohexyl al dehyde 25. The conposition as clainmed in claim?22, wherein

t he pol yphenab. AscosfpbsiGbredseflir foremapciay RfeESFiamt 'hmu@fmfuhwm@oéldos@nd
but ei ne. the flavonoid is

sel ect ed fror[r?cmﬁtaé? ggg‘ c8?@‘???550%"06‘?”'!5\”8%??8*'"6 |a§@I“Pta\?g 'I“g'tqu PRrafones,

fl avan- 3-ol a@nigpltswl.vati ves thereof. 27. The conposition as clained in
claim 25, wherein the flavonoid is quercetin. 28. The conposition as

claimed in chai %g%onnﬁ@ﬁ@h Mhst Blﬁlrﬁédaiﬁaela% 9h iwherA S iikhibidP-is -Et]&a

conposition as claimed in claim?2 wherein the catechin is sel ected from a
group consi stadegydss Prefarakly gue%[taéerﬁ gal lete (EGCG), epigal | ocatechin (EGO)
and epicatechin gallete (ECG. 30. The conposition as clainmed in claim?22,

wherein the @dTihe sbmposttidnsasusaimed inf adim 22hwhéreivdherhibitafarcaidghyde adchons  of
di abet es. n as clained in claim30, wherein the
ones g SAERReh &

conplication ffe selected froma group consisting of diabetic
retinopathy, cataract neuropathy and neural conplication. 32. Use of a

conposi ti on @&nphe SPMRPSitioncisodaimed riel CRBDZZf Wherpindpauppivphesol isessiestedent f or

treatment of Ry rbgp cohistihg 8 Rl orbid MPRRdidd on conprising triclosan and ECGC
for preparing a nedicanent for treating a bacterial infection. 49

26. The composition as claimed in claim 25 wherein the flavonoid is selected from
a group consisting of flavonol, isoflavonol, flavanones, flavan-3-ol and derivatives
thereof.

27 The composition as claimed in claim 25, wherein the flavonoid is quercetin.
28. The composition as claimed in claim 26, wherein the flavan-3-ol is catechin.

29. The composition as claimed in claim 28, wherein the catechin is selected from
a group consisting of epigallocatechin gallete (EGCG), epigallocatechin (EGC) and
epicatechin gallete (ECG).

30. The composition as claimed in claim 22, wherein the composition is useful for
the treatment of complications of diabetes.

31. The composition as claimed in claim 30, wherein the complications of diabetes
are selected from a group consisting of diabetic retinopathy, cataract neuropathy

and neural complication.

32. Use of a composition comprising triclosan and EGCG for preparing a
medicament for treatment of malaria.

33. Use of a composition comprising triclosan and ECGC for preparing a
medicament for treating a bacterial infection.
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