
TECHNICAL FIELD The present disclosure relates to a composition useful for
enhancing the effect of an  inhibitor for inhibiting NAD4, NADP', NADH or
NADPH dependent enzymes.  BACKGROUND AND PRIOR ART Malaria is one of the
most devastating diseases of tropical countries. Plasmodium  falciparum
causes the fatal kind of malaria, viz. cerebral malaria. Drug resistance in
the malarial parasite to antimalarials has further worsened the current
situation.  Hence, there is an urgent need to explore novel pathways
exclusive to the parasite  for developing antimalarial agents. In this
context, the discovery of a bacterial type of  fatty acid synthesis pathway
in Plasmodium falciparum has made it possible to  explore new drug targets
for the purpose of developing antimalarials. Fatty acids are synthesized by
either type I or type II fatty acid synthase (FAS)1  Type I or the
associative type, in which a single large multifunctional protein  completes
the fatty acid biosynthesis is present in eukaryotes and certain
mycobacteria [1]. Type II FAS (dissociative type of FAS) found in most
prokaryotes,  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)  



I but in its E. cols counterpart viz EcENR the loop becomes ordered or
stabilized only  after the formation of ternary complex [6]. Flavonoids like
Green tea extracts (GTE) are useful for treating many diseases. GTE  contain
a variety of secondary metabolites, mainly flavonoids called catechins,
which  include (-) epigallocatechin gallate (EGCG), (-) epicatechin gallate
(ECG), (-)  epigallocatechin (EGC) and (-) epicatechin (EC). EGCG is an
effective flavonoid for  treating various types of cancers and is a powerful
antioxidant. Tea catechins also  inhibit type II fatty acid biosynthesis in
E. coli by inhibiting (3-ketoacyl-ACP reductase  and ENR with IC50 in the
5-15 pM range [7]. However, none of the prior art  references suggest use of
polyphenols, for example, that include flavonoids, as a  bioenhancer for
enhancing the effect of an inhibitor in inhibiting NAD+/NADP+ or  NADH/NADPH
dependent enzymes. SUMMARY  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'-hydroxydiphenyl 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  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 on EGCG inhibition.. Figure 4A depicts the binding of [3H] EGCG to
PfENR in the absence of triclosan.  Figure 4B depicts the gel filtration
profile of [3H] EGCG binding to PfENR. Figure 4C depicts the binding of
[3H]EGCG in the presence of Triclosan. Binding  was assessed using PVDF
membranes, Figure 4D depicts the influence of Triclosan on [3H] 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 (k6) of PfENR-Triclosan-EGCG
complex. Figure B 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-PIENR 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 3 The present disclosure provides
compositions for enhancing the effect of an inhibitor  in inhibiting
NAD'/NADP' or NADH/NADPH dependent enzymes that participate in  type II
fatty acid synthesis. The inhibition of the NAD'/NADP' or NADH/NADPH  



dependent enzymes that include Enoyl-ACP reductase (ENR) serve as a target.
Since all bacteria and many apicomplexan parasites such as the malarial
parasite  are dependent on type II fatty acid synthesis pathway of which ENR
is a key  enzyme, it is a validated target for the development of
anti-bacterial and anti-malarial  agents' 2 These agents are used for
treating malaria and other infectious diseases.  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 the NAD+/NADP+ or  NADH/NADPH
dependent enzyme. A composition according to the invention comprises an
inhibitor and a polyphenol  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'-hydroxydiphenyl 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
(EGCG), 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. 4 Tea catechin enhances 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. In addition
to the inhibitor and polyphenol, the compositions may also include an
antimicrobial compound that acts by forming a ternary complex with NAD`,
NADP'  ,NADH or NADPH Non-limiting examples of antimicrobial compounds are
antibacterial compounds,  antimalarial compounds, antiprotozoal compounds,
antifungal compounds,  antiproliferative compounds and analgesics. The
present disclosure also provides use of polyphenol as a bioenhancer where
the  polyphenol enhances the effect of an inhibitor for inhibiting
NAD'/NADP' or  NADH/NADPH dependent enzyme of Apicomplexa species,
Plasmodium species or  bacterial species. The NAD+/NADP+ or NADH/NADPH
dependent enzymes are  those of an Non-limiting examples of the Pla smodium
species are t hose of  Plasmodium falciparum, Plasmodium v/vax, Plasmodium
ova/e and Plasmodium  malaria. Non-limiting examples of bacterial species
are those of Escherichia co/i 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 pharmaceutically 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  5
the NAD'/NADP' or NADH/NADPH dependent enzyme. Examples of such enzymes  



are Plasmodium falciparum enoyl-Acyl carrier protein (ACP) reductase
(PfENR), E.  coli enoyl-Acyl carrier protein (ACP) reductase (EcENR),
aldolase reductase, steroid  5a-reductase, bacterial FabG, dihydrofolate
reductase and squalene epoxidase.  Another embodiment of the present
disclosure provides a composition useful for  enhancing effect of an
inhibitor in inhibiting NAD'/NADP' or NADH/NADPH  dependent enzymes where
the NAD'/NADP' or NADH/NADPH dependent  enzymes. Non-limiting examples of
such enzymes are selected from Plasmodium  falciparum enoyl-Acyl carrier
protein (ACP) reductase (PfENR), E. coli enoyl-Acyl  carrier protein (ACP)
reductase (EcENR), aldolase reductase, steroid 5a-reductase,  P. falciparum
FabG , bacterial FabG, dihydrofolate reductase and squalene  epoxidase. In
embodiment of the invention, the enzyme is PfENR or a bacterial ENR EcENR,
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
polyphenol exemplified by quercetin  wherein the overall inhibition constant
is 280.6 t 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 (I), 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  6 inhibitor or
the substrate analog in its ternary complex (I-A-E or S-A-E complex) are
bound so tightly because of which inhibitor (I) or the substrate analog (A)
barely  



dissociates from the ternary complexes such as E-A-I or E-A-S. The formation
of  such a ternary complex thereby completely inhibits the target enzyme.
Substrate analogs are molecules that can be recognized and bound by an
enzyme  because they sufficiently resemble that enzyme's substrate. However,
the enzyme is  unable to affect the analog in the same manner it can affect
its natural substrate.  Thus substrate analogs can be efficient inhibitors
of a given catalytic process and  can provide unique opportunities for the
study of biologically active molecules. A composition comprising an
inhibitor and polyphenol leads to ternary complex  formation with
polyphenols, wherein the inhibitor 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'-hydroxydiphenyl ether,
2'- hydroxydiaryl ether or a derivative thereof as represented by Formula 1,
Formula 1 R1 Rio  R2 #R, o I Rs  R3 Re / RB  R4 R7 In Formula 1, R1, R2, R3,
R4, R5, Rs, R7, R8, R9, and Rio are independently selected  from H, OH, CHO,
CH3,OCH3, Cl, NO2. NH2, NHCOCH3, COOH, COOCH3, CH2OH,  CH2CI, CN, OCH2CH3,
OCOCH3 and CH2NHCH2CH3 and either R, or Rio has to  have a hydroxyl (OH)
group. Surprisingly, a compound similar to that of Formula 1 that has a -S
or -CH2 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  7 encompassed by the term "inhibitor" of the present
disclosure. The inhibitor or substrate analog (A) could also be a
2'-hydroxydiphenyl ether, more  specifically triclosan
(2',4,4'-trichloro-2-hydroxydiphenyl ether or 2,4,4"-trichloro-2'-
hydroxydiphenyl ether or 5-chloro-2-(2, 4-dichlorophenoxy) phenol). The
structure of  



triclosan (TCL) is provided below as Formula 2. Formula 2 OH  / O  I II C1
C1 C1 The polyphenols include flavonols or
3-hydroxy-2-phenyl-4H-chromen-4-one as  given by Formula 3 as bioenhancers
which are also the inhibitors (viz. I) for  increasing the inhibitory
potency of NAD4/NADP4/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
5a-reductase, E. coil 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 8 R9 PR Rio / Rs 7  RZ X \ R  I Rs R3 Rs  R4 Y In Formula 3,
X and Y are independently selected from 0, NH, S and CH2; and R1,  R2, R3,
R4, R5, R6, R7, R8, R9, and Rio are independently selected from H, CH3,  OH,
OCH3, OCH2CH3,OCOCH3, NH2, CHO, Cl, CH2OH, CH2CI, ON, COOH and  COOCH3. 



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 I  acetoacetyl-ACP) and Fabl
reductases, dihydrofolate reductase ( where A=  dihydrofolate), squalene
epoxidase (where A= squalene) etc. Formula 4 RI  R2 X R5 Rio  R Ry  3 Ry Y
R6 R8  R-r  In Formula 4, X and Y are independently selected from 0, NH, S
or CH2 and R1, R2,  9 R3, R4, R5, Re, R7, Re, R9, and RIO are independently
selected from H, CH3. OH,  OCH3, OCH2CH3, OCOCH3, NH2, CHO, Cl, CH2OH,
CHZCI, ON, COOH and  COOCH3. The polyphenols also include flavanones or
2,3-Dihydro-2-phenylchromen-4-one  represented below as Formula 5 as
bioenhancers which are also described here as  inhibitors (I) for increasing
the inhibitory potency of NAD'/NADP'/NADH/NADPH  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 Fab1 reductases, dihydrofolate reductase, squalene epoxidase etc.
Formula 5 R9 Re  R R8  t R2 R r  R3 R4 Y In Formula 5, X and Y are
independently selected from 0, NH, S and CH2 and RI, R2, R3, R4, R5, R5, Re,
R7, Re, R9, R,9 and R" are independently selected from  H, CH3, OH, OCH3,
OCH2CH3, OCOCH3, NH2, CHO, Cl, CH2OH, CH2CI, ON, COOH  and COOCH3. 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, I, for increasing
the  inhibitory potency of NAD'/NADP'/NADH/NADPH dependent enzymes for
example,  10 Plasmodium falciparum enoyl-Acyl carrier protein (ACP)
reductase (PfENR), E. coli  enoyl ACP-reductase (EcENR), aldolase reductase,
human steroid 5a-reductase,  bacterial FabG and Fabl reductases,
dihydrofolate reductase, squalene epoxidase  etc. Formula 6 Re  R Rio Re  t
Rtt  



R2 X R1  Ra R3 RS  RS  Rq In Formula 6, X is selected from 0, NH1 S or CH2.
R1, R2, R3, R4, R6, R7, Re, Re, Rio  and R11 are independently selected from
H. CH3, OH, OCH3, OCH2CH3, OCOCH3,  NH2, CHO, Cl, CH2OH, CH2CI, CN, COOH and
COOCH3, or 0 Rip R5, Ks = H, -o I R9  Ra RB  R7 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  11 mouse model of the disease. The present disclosure also
describes compositions that are useful for enhancing  the effect of an
inhibitor in inhibiting NAD'/NADP4 or NADH/NADPH dependent  enzymes which
participate in the fatty acid synthesis of infectious agents. The inhibition
of the growth of the malarial parasite following administration of the  



composition of the present disclosure can be monitored by monitoring the
incorporation of [3H] hypoxanthine in nucleic acid as a quantitative
indicator of the  inhibition of the parasite growth; and examining smears of
treated cultures for  morphological features of the parasite as an indicator
of growth.-Example 2 is an  example of this method. The effect of a compound
to inhibit the elongation of fatty acid synthesis in a malarial  parasite,
specifically the enoyl ACP reductase enzyme and thus determine its
antimalarial 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 glyceraldehyde is a substrate analog. Kd of glyceraldehyde decreased from
510 pM  to 40 pM in the presence of 2 pM of the polyphenol quercetin by more
than 10 fold.  The dissociation constant of quercetin also decreased
significantly from 270 nM to  30 nM in the presence of 75 pM of
glyceraldehyde. The formation of such a complex  therefore can be
successfully utilized to inhibit aldose reductase and thus to combat
chronic complications of diabetes that includes cataract, retinopathy,
neuropathy and  



nephropathy. The term dissociation constant is a specific type of
equilibrium constant that  measures the propensity of a larger object to
separate (dissociate) reversibly into  smaller components, as when a complex
falls apart into its component molecules, or  when a salt splits up into its
component ions. The dissociation constant is usually  denoted Kdand is the
inverse of the affinity constant. In the special case of salts, the
dissociation constant can also be called ionization constant. The present
disclosure also provides use of polyphenol as a bioenhancer where the
polyphenol enhances effect of an inhibitor for inhibiting NAD'/NADP' or
NADH/NADPH dependent enzymes of bacterial species such as Escherichia coil.
The triclosan-PfENR-catechin ternary complex or triclosan-PfENR-polyphenol
ternary complex enhances the inhibitory activity of triclosan or its
derivatives or  analogues or pharmaceutically acceptable salt thereof
against Plasmodium  falciparum enoyl-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
culture in red blood cells for EGCG is 191.pM, ECG is 4.7  NM, EGC is 210.9
UM, Quercetin is 20.7 pM and Butein is 49.7 NM. In another embodiment the
present disclosure provides that administration of a  flavonoid increases
the survival time of animals suffering with systematic bacterial
infections. 13 The present disclosure provides a composition comprising
inhibitor and polyphenol  wherein the polyphenol is medicinally important
secondary metabolites found in the  most commonly consumed beverage like tea
that inhibit enoyl-ACP reductase  (PfENR) of Plasmodium falciparum at
nanomolar concentrations. They also inhibit P.  falciparum growth in culture
with IC53 in low micromolar (4.7 pM for ECG, 20.7 pM  



for quercetin) range. Moreover, mice treated with 30-40mg/kg of tea
catechins  survived for prolonged periods of time (10-12 days) as compared
to their untreated  counterparts which died within 6 days of infection,
These tea compounds also inhibit  the mammalian FAS but with Ki in
micromolar range, which is far greater than the  Plasmodium counterpart.
Hence, the mammalian FAS is 10,000 times poorly  inhibited as compared to
the Plasmodium falciparum FAS. The huge difference in Ki  of EGCG between
the host and the parasite ENR underscores the significance of  present
disclosure. The binding of triclosan is potentiated by flavonoids and
vice-versa by the formation  of E-I-A ternary complex by steady-state
kinetics and also by [3H] 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'-hydroxydiphenyl  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 galloyl 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  14
catechins are non-toxic, inexpensive and abundant in nature. This method can
be  extended to a number of NAD`/NADP' dependent enzymes like aldose
reductase to  fight cataract formation as a complication of diabetes,
steroid 5a-reductase, bacterial  



FabG and Fabl reductases, dihydrofolate reductase for combating both
infectious  diseases and cancer. The use of flavonoids (I) leads to the
enhancement in the inhibition of Plasmodium  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
enzyme because of the ternary complex formation between PfENR or EcENR, I
and A or S was demonstrated. The applicability of the method of potentiating
inhibition of aldose reductase (aR) by ternary complex formation (aR-I-A)
between  aR, I (a flavanoid) and A (glyceraldehyde) is demonstrated.
Catechins potentiating triclosan by binding to PfENR at levels not observed
with  NAD` [141, bringing the overall inhibition constant of triclosan and
other 2'- hydroxydiphenyl ethers in the picomolar range. The overall
inhibition constant Ki*  varied in the range of 1.9 i 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'-hydroxydiphenyl 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 I 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 pM and the polyphenol has
a dosage ranging from 100  pM to 100 NM. 15 The composition of the present
disclosure may be administered in a  



therapeutically effective amount to a subject such as a mammal such as a
human.  Therapeutically effective amounts of the composition of the present
disclosure  may be used to treat, modulate, 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 more symptoms of such  disease, disorder or condition,
to which such term applies. As used herein,  "treating" may also refer to
decreasing the probability or incidence of the  occurrence of a disease,
disorder or condition in a mammal as compared to an  untreated control
population, or as compared to the same mammal prior to  treatment. For
example, as used herein, "treating" may refer to preventing a  disease,
disorder or condition, and may include delaying or preventing the onset  of
a disease, disorder or condition, or delaying or preventing the symptoms
associated with a disease, disorder or condition. As used herein, "treating"
may  also refer to reducing the severity of a disease, disorder or condition
or symptoms  associated with such disease, disorder or condition prior to a
mammal's affliction  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.  



16 ovale, or P. malariae. A composition of this invention may be
administered for prophylactic treatment to  prevent infectious diseases
caused by malarial parasites, bacteria and other  infectious agents. The
composition would be administered to a subject such as a  human patient who
is at risk for being exposed to or developing an infectious  disease.
Examples of this are health care workers, people who are  immunocompromised,
being hospitalized, travellers or anyone else who seeks  preventative
treatment. The compositions of the present invention may be administered to
mammals via  either the oral, parenteral (such as subcutaneous, intravenous,
intramuscular,  intrasternal and infusion techniques), rectal, intranasal,
topical or transdermal  (e.g., through the use of a patch) routes. In
general, the inhibitors and polyphenols  are administered in doses ranging
from about 0.1 mg to about 500 mg per day, in  single or divided doses
(i.e., from 1 to 4 doses per day), although variations will  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 01 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. 



17 The compositions of the present invention may be administered alone or in
combination with pharmaceutically acceptable carriers or diluents by either
of the  routes previously indicated, and such administration may be carried
out in single  or multiple doses. Suitable pharmaceutical carriers include
solid diluents or fillers,  sterile aqueous media and various non-toxic
organic solvents, etc. The  pharmaceutical compositions can administered in
a variety of dosage forms such  as tablets, capsules, lozenges, troches,
hard candies, powders, sprays, creams,  salves, suppositories, jellies,
gels, pastes, lotions, ointments, aqueous  suspensions, injectable
solutions, elixirs, syrups, and the like. The dosage forms can be prepared
by methods and techniques known in the art.  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 0+  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 cultures 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 18 



Growth inhibition assay: CHI hypoxanthine incorporation The growth of P.
falciparum was quantified by measuring the incorporation of  [3H]
hypoxanthine. Aliquots of stock solution of EGCG (as a representative of
flavanoids amongst the compounds with Formulas 3-6 representing
bioenhancers/inhibitors (I) or substrate analogs (A) amongst compounds with
formula 1 and 2 herein exemplified by triclosan or both (I) and (A) in DMSO
were placed in wells of the flat 96 well tissue culture plates under sterile
conditions to final concentrations of 1pM-10 mM in 0.005% DMSO into the
infected human erythrocyte suspension in culture medium. The plates were
placed in candle jars and incubated at 37C for 4, 28 or 52 h for assessing
the  growth at 24, 48 and 72 h respectively. At these time points, [3H]
hypoxanthine  (5-20 Ci/ml final concentration from 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 [3H] hypoxanthine uptake
and before harvesting the cultures  for [3H] counts. The antimalarial
activity of triclosan, flavonoids and a  combination of both and their dose
response curves were determined by  monitoring this [3H] hypoxanthine uptake
as an index of the parasite growth.  Table 1. IC50 values of catechins on P.
falciparum culture. Tea extracts IC50 (pM)  EGCG 191.0  ECG 4.7  EGC 210.9
Quercetin 20.7  Buteine 49.7  Example 3 



19 In vivo antimalarial activity of triclosan in P. berghel Four day
suppressive test was used for checking the in vivo antimalarial activity of
the substrate analog (A) with Formulas 1 and 2 more specifically among the
compounds with formula 1 and 2, flavonoids with formulas 3-6 and more so
EGCG  alone or in combination with triclosan. Randomly bred male Balb/c
mice, 6 in numbers, weighing 22-25 grams were  inoculated intravenously with
10 million P. berghei parasitized red blood cells. After  confirming
parasitemia i. e. on the day one of infection a single dose of either
triclosan, a representative of the compounds belonging to formula 1 and EGCG
among the group of flavonoids with formula 3 to 6 was injected to the mice
intraperitoneally or subcutaneously twice a day for four consecutive days.
Various  doses of triclosan and its analogs dissolved in ethanol or dimethyl
sulfoxide in 25  pl volume or EGCG in phosphate buffered saline (PBS) 100pl
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 flavonoids (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  Ph 7.4 in
0.1M NaCl  (PBS) 



20 20 mg/kg Triclosan in 2% 3  1 1  1  DMSO or Ethanol EGCG 30 mglkg in PBS
6  2 5  2  + 20 mg/kg Triclosan in 2% DMSO or Ethanol  Example 4 Effect of
flavonoids on the inhibitory potency of triclosan on the  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, 167-1731. All flavonoids in the range of
15pM-50pM inhibited significantly (30%) and most of  the 2'-dihydroxyphenyl
ethers ( compounds with formula 1 and 2) in the range of 2- 30 pM diminished
to 50-93% and triclosan at 9pM, for example, inhibited to the  extent of 90%
the incorporation of [14C] 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.40pM  with 2.OpM of triclosan itself inhibited the incorporation of [14C]
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 SIDS-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. 21 Assay of PfENR 



Enzyme assays and inhibition studies were performed on a UV-Vis
spectrophotometer (Jasco) at 25C in 20 mM Tris/HCl pH 7.4 containing 150 mM
NaCl [13, 141. The standard reaction mixture of 100 pi contained 200 pM
crotonoyl- CoA, 100 pM NADH and 30 nM PfENR. All the inhibitors were
dissolved in DMSO.  1 % VN DMSO was used in the standard reaction mixture.
The reaction proceeds  by reduction of crotonoyl-CoA to butyl-CoA with the
oxidation of NADH to NAD'  which is monitored at 340 nm (cM34o = 6220 M-1
cm-1). Example 6  Overexpression of EcENR The EcENR gene (Surolia & Surolia,
Nature Medicine [2001], 7, 167-173) was  cloned in pET-28a (+) expression
vector between Ndel and BamHl 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  till 0.8 OD600 at
37C and induced by 1 mM of isopropyl-1-thio-A-D- galactopyranoside (IPTG).
The induced culture was further grown for 3 h at 37C.  Cells were collected
by centrifugation (8,000 rpm, 4C, 10 min), and stored at - 20C overnight.
The cells were resuspended in 20 mM tris-HCI, 500 mM NaCl.  10%glycerol, 1
mM B-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:  22 Determination of IC50 values 



IC50 values of the tea catechins and polyphenolic compounds for PfENR were
determined by plotting the percent inhibition of PfENR at various
concentrations of  inhibitory compounds. In the standard reaction mixture
mentioned in Example 1  various concentrations of EGCG or other catechins
were added and the percent  inhibition was calculated from the residual
enzymatic activity. The percent activity  thus calculated was plotted
against log of concentration of respective catechins.  The data was analyzed
by nonlinear regression method using sigmoidal model and  IC50 values for
each catechin was calculated from the sigmoidal curve. Various
concentrations of EGCG (10 nM to 2 NM) were used to determine the  activity
of PfENR. The percent inhibition was calculated from the residual PfENR
activity and was plotted against log [EGCG] to obtain IC50 value. The
sigmoidal  curve indicates the best 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 pM 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 IC50 values of other compounds are shown in Table 1.
Among the two  polyphenols tested quercetin gave the IC50 value of 2.5
0.078 pM and butein  12.5 0,67pM. 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 [pM] with PfENR IC50 [NM] 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  23 



8uteine 12.5  0.67 30  Calculation of dissociation constants (Ki) Ki of
individual catechins with respect to NADH and crotonoyl-CoA were  determined
in separate experiments. The data for NADH was collected at three  fixed
concentrations of NADH (50pM, 100pM and 200 pM) while varying the  catechin
concentration from 1 nM to their respective IC50 values and keeping
crotonoyl-CoA concentration fixed at 200 pM. The data for crotonoyl-CoA, was
collected at two fixed concentrations of crotonoyl-CoA (100 pM and 200pM)
and  catechin concentration was varied from 1 nM to the IC50 value, while
NADH  concentration was fixed at 100 pM. All the data were analyzed by Dixon
plot (8].  Kinetic parameters for all the five catechins were determined
individually against  cofactor NADH and the substrate analog crotonoyl-CoA,
respectively. Earlier,  EGCG has shown competitive kinetics against NADH
with EcENR [7]. Like wise in  the case of PfENR, all the five compounds
showed competitive kinetics with NADH  (Figure 1 B). Figurel B shows the
inhibition kinetics of EGCG with respect to NADH.  30 nM PfENR was assayed
in presence of 200 pM crotnoyl CoA, 250 nM EGCG  and 50 pM (], 100 pM [.]
and 200 pM [Al 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 pM [] and 200  pM
[.] of crotonoyl CoA in presence of 250 nM of EGCG and 100 pM 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
pM 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  24 other catechins competes with NADH for binding to PfENR and inhibits
its activity  by preventing the binding of NADH. On the other hand
uncompetitive kinetics with  respect to crotonoyl-CoA shows that
crotonoyl-CoA somehow facilitates the  binding of catechins. Notably, such a
potentiation of the interactions of catechins  by the substrate for other
enzymes has not been observed earlier. Example 8  Potency assay The effect
of catechins on triclosan binding was judged by the potency assay and  these
assays for triclosan inhibition of PfENR were designed as described earlier
[14], The effect of addition of tea catechins (IC50 values) without
pre-incubation  and with 30 minutes pre-incubation with triclosan (150 nM)
on the activity of PfENR  (30 nM) were studied. The formation of NAD' was
monitored at 340 nm after the  addition of 200 pM crotonoyl-CoA and 100 pM
NADH. Control reaction was set up  without the addition of triclosan with
tea catechins and 1% DMSO. The  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 control
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  25 binding of triclosan to PfENR. It also hinted that
triclosan behaved as a slow tight  binding inhibitor in the presence of
EGCG. Determination of Ki of Triclosan in presence of the tea catechins For
calculating Ki the triclosan concentration was varied from 0 to 700 nM at
two  different catechin concentrations (around IC50 value of individual
catechins).  Likewise, the Ki of each catechin was determined at two fixed
concentration of  triclosan (50 nM and 100 nM) while varying the
concentration of the individual  catechins. All the data of individual
experiments were repeated thrice and the  mean value was taken for data
analysis. The Ki values were determined for each  experiment from the
X-intercept of the Dixon plot [8]. In the presence of NAD+, Ki of 53 nM for
triclosan with PfENR was calculated by  Dixon plot [14]. In the presence of
200 nM of EGCG the Ki of triclosan came down  to 1.0  0.087 nM and followed
uncompetitive kinetics (Figure 3A). Inhibition assay  of 150 nM triclosan 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 Ki w.r.t.* Ki w.r.t. Ki of TCL Ki in Ki
of TCL  catechins NADH [pM] crotonoyl- [nM] presence by  CoA [pM] of TCL
fluorescence [nM] quenching  



[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  16.0 t 28.31 t 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 by tea catechins Ki  for each catechin was determined in
the presence of triclosan. In this case  uncompetitive kinetics was observed
(Figure 3B). Figure 3B shows the effect of  triclosan on EGCG inhibition.
EGCG gave uncompetitive kinetics with respect to 50  nM [] and 100 nM [n] 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 [3H] 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 pM [3H]EGCG
(specific activity 5 Ci/mmol), 1 % v/v  



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 pl were collected at 0.25  ml/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 difluoride (PVDF) membrane
27 fixed in a filtration assembly. The filters were washed with 200 pl of
reaction buffer  and dried. Dried filters were transferred to vials
containing 5 ml scintillation fluid  and the radioactivity measured using a
Hewlett Packard liquid scintillation counter.  To check the binding of [3H]
EGCG alone, five concentrations of [3H] EGCG (0.1 to  10 pM), as indicated
in Figure 4a, were taken. The concentration of [3H] EGCG  (bound) was
plotted against [3H] EGCG (free) to get the binding constant. To  determine
the binding constant of EGCG in the presence of triclosan, the above
experiments were repeated in the presence of 10 pM triclosan (Figure 4C).
Finally, to determine the binding constant of triclosan in the presence of
EGCG,  various concentrations of triclosan were used (25 nM to 1 pM as
indicated in Figure  4d) with 1 pM [3H]EGCG. [3H] EGCG showed saturation
binding curve in the  presence of increasing concentration of TCL and a
binding constant of 451  7.7 nM  was obtained. (Figure 4d) Double reciprocal
plot of the same data is shown in the  inset. The binding constants for the
above experiments were determined from saturation  plots and by Scatchard
plot or double reciprocal plot using equation 2a and 2b  described under
evaluation section. Binding of [3H]EGCG to PfENR was analyzed by filter
binding assay and followed  saturation kinetics with dissociation constant
of 438  8.2 nM, where [3H]EGCGf  and [3H]EGCGb are the bound and free
concentration of [3H]EGCG, respectively.  The Scatchard plot of the data is
shown in the inset. The binding of [3H] 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 pM triclosan. Figure 4B shows the
gel filtration profile of [3H]  EGCG binding to PfENR. 2 ml Sephadex G-25
column having a void volume [Vo]  of 680 pl was used for gel filtration
experiments. Gel filtration profile is shown as  plot of the fraction
numbers versus [3H] CPM. As can be seen [3H] CPM in the  presence of 10pM
triclosan (TCL) [A] were dramatically increased near the void  volume. 28 As
can be seen from the gel filtration profile (Figure 4B) there is a
noticeable  increase in the counts of bound [3H] EGCG to PfENR in the
presence of triclosan.  The Kd calculated by saturation kinetics (Figure 4C)
and Scatchard plot (inset,  Figure 4C) was 89 t 2.3 nM and 77.6 t 5.3 nM,
respectively. Finally, binding  constant of triclosan was determined at
fixed concentration of [3H] EGCG (1 NM) and  variable triclosan
concentration which also followed saturation kinetics [3H] EGCG  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. (Figure 4D). Association constant of
triclosan was determined to be 22.18  1.7  pM"' by saturation kinetics and
14  0.77 M"1 by double reciprocal plot (inset of  Figure 4D). The
dissociation constants were 45.1 8 nM and 71 t 4,3 nM,  respectively. From
the above radiolabeled binding data it became evident that the  presence of
triclosan promoted the binding of [3H] EGCG to PfENR. Figure 4c  shows the
binding of [3H] EGCG in the presence of Triclosan. Binding was  assessed
using PVDF membranes. Again a saturation behavior was observed in  the
presence of 10 pM TCL, [3H] 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 [3H] EGCG binding. [3H]EGCG showed saturation
binding curve in the  presence of increasing concentration of TCL and a
binding constant of 451 t 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 pM NADH, 200 pM crotonoyl-CoA,
individual  catechins at their respective IC50 values and various
concentrations of triclosan (0  29 to 700 nM). The reaction was started by
the addition of 50 nM of PfENR. For each  concentration of triclosan the
formation of NAD' was plotted against time by non- linear regression method
using equation 3 discussed below. The dissociation rate constants for
triclosan for various tea catechins-PfENR  complexes were determined by
dilution method. PfENR, 15 pM was incubated with  15 pM triclosan and 10 pM
of individual tea catechins for 30 minutes. The reaction  was started with
1000 fold dilution of the PfENR-triclosan and EGCG ternary  complex with
buffer containing competing NADH and crotonoyl-CoA to a final  concentration
of 100 pM and 250 NM, respectively. The reaction was monitored at  340 nm
and the formation of (NAD') was plotted as a function of time using
equation 3 to get the dissociation constant by non-linear regression
analysis of the  data. The dissociation constant koff or k6 was calculated
directly by plotting the NAD+  formed against time in equation 3a using
non-linear least-squares fit. Keeping  EGCG as a model compound, the koff or
k6 of triclosan in the presence of EGCG  



was calculated 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 make a covalent adduct
with PfENR (Figure 7).  The very slow dissociation constant (k6) reveals
that the ternary complex [El*] 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 pM 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. k6 of
triclosan thus calculated was 1.6x10"5 s'. Table 5 : Determination of the
overall inhibition constant of triclosan in the  presence of tea catechins
using steady state kinetics. Rate constants, k5, k5 and K*  values were
determined using equations 3, 4 and 5, respectively Tea Association rate
Dissociation rate Overall inhibition  extracts constant [k5] of constant
[k6] of k5 constant for 30 k6 of triclosan, of TCL [Ki*] [pM]  [10-3]s l
TCL, [10"5] s-1 EGCG 8.40.24 1.6  0.078 1.90.46  EGC 5.4  0.097 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 Association
rate constant (k5) or onset of inhibition of triclosan at fixed
concentration of tea catechins were calculated from the progress curves
generated  after fitting the data to equation 3a. Progress curves gave the
value of koes and the  k5 or association rate constants were determined by
fitting the values of kobs with  experimentally determined k6 values in
equation 4. The values of k5 against each  tea compound are given in Table
5. Low value of k5 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. 1 K. x[I] 1 v V"x K,x[S] v.i(t+K~ [S]
(1 a)  31 I _ [I] + 1 V Vma. xK, V ax(l+ N [S (1b)  where Km is the
Michaelis constant, Vmax is the maximal catalytic rate at  saturating
substrate concentration [S], [I] is the concentration of inhibitor and Ki is
the dissociation constant of the inhibitor. (Equation 1a. is for competitive
kinetics  and 1 b is for uncompetitive kinetics). The binding of [3H] EGCG
to PfENR was analyzed by saturation and Scatchard  plot [9] using the
equations 2a and 2b, respectively. [Sib = [S]bma. x[Slf Kd +[S] f (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. IS], I "[E], [S]f
Kd[S]b Kd (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 + I k3
E.1 (Mechanism 1)  k, 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 El* complex k3 kb 32 E + I E.1 .y 1=.1* (Mechanism 2)  k, ks In
both the mechanisms it is presumed that the slow binding inhibition step is
reversible. The biphasic progress curves which is typical for slow tight
binding inhibition were  fitted to equation 3 [10, 11, 12, 141 using
non-linear least squares fitting procedure.  P=v xt+(v v,)[t-exp(-kon.xt)]+C
k (3a)  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, kabs
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  V,  2(K", + S) (3b)  Q =[(Ki'+ It - Et) + 4Ki'Et]112 - (Ki' + It - Et)
(3c) 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 k7 [E+S.-*ES- E+P]  kZ The relationship between Ki, k5, k6 and
kobs is described by equation 4.  kam=k6+ks ( Kl 1+I 1.J+ ( I K]  33 The
overall inhibition constant Ki* is calculated by equation 5.  k6 Kj* =K;x
k,+kj (5)  Examination of the progress curves of inhibition by triclosan in
the presence of  different catechins yielded a similar pattern. The control
reaction was set up with  individual catechins without triclosan and the
rest of the reactions contained  triclosan from 0 to 700 nM. From the
progress curves (Figure 5), it can be stated  that 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
control  reaction at various concentrations [0-700 nM]. The individual
progress curves were analyzed by equation 3a, b, c from which a  series of
kobs values were determined for each concentration of triclosan for each
tea catechin. The determined kobs 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, 111 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 [EI, in mechanism 2]
which slowly isomerizes into a more stable ternary  complex [El* in
mechanism 2] The initial rate constant (kobs) for each triclosan
concentration added was  calculated from the progress curves using equation
3a. The kobs thus calculated  and the respective Triclosan concentrations
was fitted to equation 4 and the best fit  34 gave hyperbolic curve
demonstrate two phase inhibition mechanism indicating that  triclosan is
behaving as a slow-tight binding inhibitor in the presence of EGCG.  Example
11 Fluorescence analysis of triclosan binding in the presence of tea
catechins:  Fluorescence analysis of triclosan binding was done as mentioned
elsewhere [14]  using JobinYvon Horiba fluorimeter. The excitation and
emission monochromator  slit widths were adjusted at 3 nm. All the reactions
were performed in 3 ml quartz  cuvette with constant stirring at 25 C. For
the binding studies, 4 pM PfENR was  incubated with different tea compounds
at their saturating concentrations in 20 mM  



tris and 150 mM NaCl, pH 7.4, excited at 295 nm and change in the
fluorescence  intensity at the emission maximum of PfENR (340 nm) was
recorded. PfENR- catechin complex were titrated with increasing
concentrations of triclosan from 0 to  30 NM. The difference in fluorescence
intensity upon triclosan binding was  analyzed using the following equations
[13] to calculate Ki value of triclosan. FF- F - AFm..  K;  + 1 ( l 11) (6)
Where, Fo-F is the rapid fluorescence change, OFinax 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], k [I] 5 kbs - {K;
+[I]} (7)  Where, kob6 is the rate constant for the loss of fluorescence. 35
The inner filter effect was corrected by using the following equation [141,
Fe = Fanti Iog[(Ae1 +Ae1)l21 (8) Where, Fc is the corrected fluorescence and
F is the measured one, A,, and A,,,  are the absorbance of the reaction
solution at the excitation and emission  wavelengths, respectively. The
triclosan binding to PfENR-catechin complex was analyzed by monitoring the
rapid fluorescence decrease (Fo-F), at 340 nm after each addition of
triclosan  (Figure 8). 5 pM PfENR preincubated with 100 nM EGCG was used in
this study.  Triclosan was added sequentially from 0 to 30 pM. The samples
were excited at  



290 nm and the emission was recorded at 340 nm. Change in fluorescence
[Fo-F1,  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 fluorescence 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 k5, 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. k5 of triclosan in  presence of
EGCG calculated from the slow decrease of fluorescence using  equation 7 was
0.0072  0.84x10"5 s"'. The data obtained from fluorescence  studies are in
agreement with the enzyme inhibition kinetics data. 5 pM PfENR was incubated
with 5 pM 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 pM
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  36 formation of PfENR-EGCG-Triclosan ternary complex, which
undergoes slow  transition to the more stable ternary complex. Example 12
Docking of inhibitors with P. falciparum and E. coli Fabls: All the docking
simulations were done using AutoDock 3.05 [15] and MOE  [Molecular Operating
Environment] [16]. Preparation of the Receptor and Ligand Molecules: The
crystal structures of  



PfENR (PDB Code: 1NHG) and EcFabl (PDB Code: 1QSG) submitted to PDB
(www.rcsb.org) by Perozzo et. al. [17], and Stewart et. al. [18] and Pidugu
et. al.  [16], respectively, were used for docking studies. The structure
co-ordinates were  converted into mo12 format with MMFF94 charges assigned
using the MOE  [Molecular Operating Environment] suite of programs [16]. The
molto2pdbqs utility  (provided with AutoDock program) was used to prepare
the input receptor file  containing fragmental 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
37 achieved by first docking the tea catechins with PfENR to generate the
binary  complex and then docking triclosan to this binary complex. Briefly,
the top ranked  conformation of the biggest cluster in the set of 100 runs
of EGCG docking with  PfENR was chosen. Now, this binary complex was
prepared as receptor (as  described above) and triclosan was docked using
AutoDock with this binary  complex, using the same protocol as mentioned
above. Since the receptor remains  



rigid during the docking simulation by AutoDock, the docked complexes were
energy-minimized to 0.1 kcal/mol keeping the receptor and the ligand
flexible. This  accounts for the minor structural changes that take place in
the receptor as well as  in the ligand. The ligand-receptor interactions
were calculated using LPC/CSU  Server
[http://ligin.weizmann.ac.il/cgi-bin/fpccsu/LpcCsu.cgi]. Docking studies
with AutoDock show that tea catechins indeed occupy NAD+  binding site
(Figure 10A). Docking energies for all the five catechins are summarized  in
Table 6. EGCG is represented as ball and stick model and the enzyme in
ribbons.  PfENR is represented as ribbon (1) with corresponding EGCG as (2),
EcENR is  represented as ribbon (3) with corresponding EGCG as (4). The
figure was  generated using Weblab Viewerlite 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 2.5  0.078 The main reason for the high affinities of these
compounds for ENRs is the  38 extensive hydrogen bonding network involving
their hydroxyl groups. Overall, the  number of favorable interactions is
more in the case of catechin-PfENR complex  compared to catechin-EcENR
complex accounting for the higher affinity of  catechins for PfENR (Table
7), As a model case we compared the interactions of  EGCG with PfENR and
EcENR. The galloyl moiety plays a major role in the affinity  



of EGCG with both ENRs. It occupies the same pocket as adenine ring of NADH
in  the cofactor binding site of the enzyme. Its phenol ring makes aromatic
stacking  interaction with the side-chain Trp35 of PfENR similar to the
adenine ring of NADH.  It is also involved in hydrophobic interactions with
Leu120. In case of EcENR the  galloyl moiety makes T-shaped aromatic
interactions with Phe93. Table 7 . Comparison of all the stabilizing and
destabilizing contacts made by  EGCG in binary 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  39 flip of 180
degrees, and it further extends in this pocket to make more interactions
with the enzyme. Overall, the favorable interactions between EGCG and ENR
are more and  



unfavorable contacts significantly less in case of P. falciparum while for
EcENR the  situation is reverse (Table 7). This explains the higher affinity
of EGCG for PfENR  compared to EcENR. Since EGCG is smaller than NADH in
length and mimics the adenine moiety  better, it occupies the adenine
binding pocket. The nicotinamide binding pocket is  now partially filled by
triclosan. We know that stacking of the aromatic rings of  triclosan and
NAD' in the ternary complex of PfENR-NAD'-TCL play a major role  in the
binding of triclosan [15, 17], similar stacking interactions also take place
between the dichloro-phenyl ring of triclosan and non-galloyl phenyl 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, I1e227 and Asn122. The OH
on the  phenol ring is within hydrogen bonding distance with 0 of Ala216 and
Gly217. The  chlorine atom on this ring has hydrophobic interactions with
Tyr171, A1a236,  Pro218 and Phe232 and the benzene ring has aromatic
interactions with Tyr171,  Tyr15, Tyr181 and hydrophobic interactions with
I1e233, 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, 0 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  40 



methods.  Example 13 Cloning, over expression and purification of
recombinant human aldose  reductase (ALR2): The cloning of human ALR2 gene
was done as described before [20] with slight  modification. In brief, the
open reading frame of the human AR2 gene (Accession  GenBank/EMBL Data Bank
number J05017) was amplified by the polymerase  chain reaction from its cDNA
and cloned into the T7 RNA polymerase-based vector  pET28a(+) vector
(Novagen). The positive clone was sequenced and then  transformed into
BL-21(DE3) cells for expression. The culture (5 L) was grown at  37 C till
OD600 of 0.8, induced by 1 mM IPTG and grown further at 37 C for next  3h.
The cells were pelleted, sonicated and the clear supernatant was loaded to
Ni- NTA resin. The purified hexa-His tagged human AR2 was subjected to
thrombin  cleavage and loaded on topurified 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 NaCI
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 [211 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 pM of aldose reductase was titrated with
increasing  concentration of glyceraldehydes (10 nM to 1 mM) and in the case
of quercetin  



41 (100 pM to 5 pM) in 100 mM potassium phosphate buffer (pH 7.0) at 25 C in
a 3  ml cuvette with constant stirring. To determine the Ki of
glyceraldehydes in the  presence of quercetin, 2 pM of quercetin was
preincubated with 1 pM of aldose  reductase in the cuvette of 15 minutes and
then titrated with glyceraldehyde  concentrations mentioned above.
Similarly, for determining the Ki of quercetin in  the presence of
glyceraldehyde, aldose reductase was pre incubated with 5 pM  glyceraldehyde
for 15 minutes and titrated with quercetin. Ki in all the four cased  were
calculated strictly using equations mentioned in Example 11. The Data are
shown in Table 8. Table 8 : Summary of the dissociation constants of
glyceraldehyde and quercetin  with ALR2 Ki with ALR2 Ki value in the Ki
value in the'  presence o presence of  quercetin glyceraldehyde
Glyceraldehyde 510  54.0 pM Not applicable - Quercetin 164.0  27.1 nM - 15.6
2.1 nM  1- 330.1  45.0 pM 14.1  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 p1). Another group of animals was
administered 50 mg/kg of EGCG in 42 



250-500 pl of PBS. Third group of animals received injections of both
Triclosnan  and ECGC as above. Controlled group was injected PBS and/or
ethanol (500 pl).  For each experiment 6 BALB/c male mice, 6-9 week of age
per group were used.  Infection of animals by bacteria: The animals were
injected i.p or s.c with 0.4 ml  of pyrogen free saline containing 107 CFU
of bacteria (E.coli 055:85) and primed  with D-galactosamine (300 mg/kg of
body weight); (Galanos at a!. (1979) Proc.  Natl. Acad. Sci USA, 76,
5939-5943). The mice was monitored for survival on an hourly 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 8  2  4. Ethanol treated 8  2
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Chem. 49, 3345- 3353. 46 We claim: 1. A composition useful for enhancing
effect of an inhibitor in inhibiting  NAD'/NADP' or NADH/NADPH dependent
enzymes, said composition  comprising an effective amount of inhibitor and a
polyphenol. 2. The composition as claimed in claim 1, wherein the inhibitor
is 2'-hydroxydiaryl  ether or derivatives thereof. 3. The composition as
claimed in claim 1, wherein the inhibitor is 2'- hydroxydiphenyl ether or
derivatives thereof. 4. The composition as claimed in claim 1, wherein the
inhibitor is triclosan. 5. The composition as claimed in claim 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  



47 compound, antiprotozoal compound, antifungal compound, anti proliferative
compound and analgesic. 13. The composition according to any one of claims 1
to 12 in a form suitable for  parenteral administration. 14. The composition
as claimed in claim 1, wherein the NAD'/NADP' or  NADH/NADPH dependent
enzymes are selected from a group consisting of  Plasmodium falciparum
enoyl-Acyl carrier protein (ACP) reductase (PfENR), E. coli  enoyl-Acyl
carrier protein (ACP) reductase (EcENR), aldolase reductase, steroid
5a-reductase, P. falciparum FabG , bacterial FabG, dihydrofolate reductase
and  squalene epoxidase. 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 coll. 



48 22, A composition useful for enhancing effect of an inhibitor in
inhibiting aldose  reductase, said composition comprising effective amount
of inhibitor and a  polyphenol. 23. The composition as claimed in claim 22,
wherein the inhibitor is sugar  aldehyde, preferably glycerladehyde. 24.The
composition as claimed in claim 22, wherein the inhibitor an aldehyde such
as 1-cyclohexylaldehyde 25. The composition as claimed in claim 22, wherein
the polyphenol is selected  from a group consisting of flavonoid and
buteine. 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. 49 




