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Ketol-acid reductoisomerase (KARI) is a promising target for the design of drugs
and herbicides yet there are only few reports on the molecular design of KARI inhibitors.
Ketol-acid reductoisomerase(KARI) of S. aureus was isolated but its protein is not having
any predicted 3-Dimentional structure available in PDB (Protein databank) as elucidated
by X-ray crystallography or NMR. Its structure was determined in silico by sequence
homology. The gene sequence of the KARI of S. aureus was known and its protein sequence
was subjected to PSI-BLAST at NCBI. There was neither identical sequence available nor
the nearest neighbour in the blast analysis. Then an alternative method for finding the
homologous protein i.e., fold prediction method was used. The generated model was
subjected to several repeated cycles of energy minimization using SPDBV software and
the final model was subjected to stereo chemical evaluation. The homology modeled
structure of the KARI of S. aureus was docked by different inhibitors by Molegro virtual
docker and the data were presented.

Key words: Ketol-acid reductoisomerase, inhibitors, SPDBV, Molegro Virtual Docker.

Vol. 8(1), p. 651-658

Enzyme Ketol-acid reductoisomerase
(KARI; EC 1.1.1.86) is encoded by ilvC gene
(isoleucine-valine requirement)* that catalyzesthe
first step in the biosynthesis of amino acids such
as valine, leucine and isoleucine which are
branched-chain?. KARI catalyzes the conversion
of 2-aceto-2-hydroxyacids to 2-keto-3-
hydroxyacids and their subsequent reduction by

* To whom all correspondence should be addressed.
E-mail: srb0104@gmail.com

NADPH TO 2, 3-dihydroxyacids®. It is also
involved in the biosynthesis of pantothenate and
coA*. These three amino acids are essential for
mammals since they cannot synthesize them.
Among the Staphylococci, the major human
pathogen is Staphyl ococcus aur eus, which causes
infections ranging from cutaneous infections and
food poisoning to life threatening septicaemia. S.
aureus produces a large array of exotoxins and
exoezymes®. The pathogenesisiselicited only with
theinvolvement of thesethree amino acids. KARI
has been considered as a target as a result of
comparative pathway analysis between host and
parasite?. The branched chain amino acid metabolic
pathways in microbes are currently the objects of
intense study for the development of drugs.

The present study is aimed at homology
modeling of KARI of S aureus and docking of
various drugs in analyzing it as a suitable drug
target.
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MATERIALSANDMETHODS

Insilicoanalysisof K etol-acid reductoisomer ase
(KARI) of Staphylococcusaureusby Homology
modeling

TheKetol-acid reductoisomerase (KARI)
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structure available in PDB (Protein databank), as
the 3-Dimentional structure was not elucidated
either by using X- ray crystallographic or NMR
studies. The protein sequence was subjected to
PSI-BLAST at NCBI from the DNA sequence
obtained by sequencing. The DNA sequence was

of Staphylococcus aureus has no 3-Dimentional

ATGACAACAGTTITATTATATCAL GAT GTASAALCGLACGCTTTACALGGCAL Aah A8TTGCAGTAGTAGGTTAT
GEATCACAL GGTCACGE GCATGCACARALCTTALAAGA CARAT GLATATGATGTAGT CATC GGCATTC GCCCAGGT
CGTTCTTTTGACAAAGE TAL AGAL GAT GEAT TTGATGT GTTC CCTGTIGCAGA AGCAGTTAAGC ALGCTGATGT &
ATTATGGTGCTAT TACC THATGAL ATT CALGGTGATGTATACALAALCGAMLTTFALCCALATTTAGALLLACAT
AR TGRCGCTTGCAT TG TCA TG TITAACA TTCATT T TOGT GTTATICAACC ACCAGCT GATTTCATGTATTT
TTAGTAGETCCTARMGEACC GLGT CAT TTAGTTAGACGTACATTTGTIGALGETTCTGCT GTAC CAT CACTATTT
GGTATTCALCALGACGE TICAGGT CAAGCAC GTAATAT TGCT TTALGTTATGC Add AGGETATTGTECALCTCGT
GCAGGTGTTATTGAALCAACATTT AL GALGALLC TG GACAGATT TATTIGETALCAL GCAGTACTTTGEGGET
GGTGTATC AL T TALTTCAAGT GG TTTGALLCATTAGTA GAAGCGGGTTATCALCCA GAATTAGCTTATTTT
G A A TTACATCARLTGAL A TTAATCGTTGATITTGAT GTAT GAAGGCGGTAT G 88 TCTACGTTACTC AATT
TCALATACT GCTEAATT TG TCAC TAT GTTT CAGGACCACGT GTTATCACACC AGATGTTALAGALS ATATGAL L
GCTGTATTAACTGATATCCALARTGLTALCT TCAGTALATCGCTTTATCGAMGSE CALTARA AATHGATTCADAGA D
TTTTATALATTAC GCGAAGLLCAL CAT GGTCATCARAATTCAAARAGTIGETCETALTTACGCFALATGATGCCT

TTTATT A2 TCTAARLGCATTGALALATEL

The protein sequencewas subjected to PSI-BLAST
at NCBI. Protein parameterswere analysed by using
the tool Prosite’. All the protein parameters with
respect to amino acid composition, secondary
structure prediction, hydrophobicity, isoelectric
point etc were analyzed. The generated model was
subjected to several repeated cycles of energy
minimization using SPDBYV software? and thefina
model was subjected to docking.
Ligand Drawing

Inhibitors used in the study were amides
which are having the ability to act as herbicides
extracted from literature sources published
elsewhere®. The ligands were searched against
pubchem and chemspider database for the 2D
structures and then with the help of open babel
[http://openbabel .org/wiki/Main_Page] these 2D
structures are converted to 3D structures. 1SIS/
Draw is a user friendly drawing package that
enables the drawing of chemical structures with
the same specific signs and symbols employed in
paper sketches. 1SIS/Draw isprimarily a2D drawing
program though it is equipped with some 3D
rotation featuresand can interface with Rasmol for
3D visualization and rendering. Structures drawn
were imported to TSAR software to convert them
into 3D structures and energy of all moleculeswere
also minimized™. The energy minimized ligand
structures were employed for docking. The 2-
dimensional inhibitor structuresof theligandswere
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given(Fig.1)

1. 2-(4-Methoxy-benzoylamino)-benzoic
acid; 2. N-(5-Methyl-thiazol-2-yl)-2-morphalin-4-yl-
acetamide; 3. 2-(2-Piperidin-1-yl-ethyl)-isoindole-
1,3-dione; 4. 5-(2-Morpholin-4-yl-acetyl)-5,10-
dihydro-dibenzo[ 1,4]diazepin-11-one; 5. 5-(2-
Piperidin-1-yl-acetyl)-5,10-dihydro-
dibenzo[b,€][1,4]diazepin-11-one; 6. 2-(4-Benzyl-
piperazin-1-yl)-N-(3,4-di chloro-phenyl)-acetamide;
7. 2-(4-Benzyl-piperazin-1-yl)-N-pyrimidin-2-yl-
acetamide; 8. 2-(4-Benzyl-piperazin-1-yl)-N-(4-
methyl-pyrimidin-2-yl)-acetamide
Docking of K etol-acid reductoisomerase (KARI)
of Staphylococcusaureuswith certain Inhibitors
(Amides)

Thethree dimensional structure of target
Ketol-acid reductoisomerase (KARI) of
Staphylococcus aureus was generated by
homology modelling using SPDBV (SwissProtein
DataBank Viewer) at 2.6 0 RM SD resolution. The
3D structures of ligands which are obtained were
minimized using Hyperchem’'s MM+ force field.
Molegro Virtual Docker V4.2 was used to detect
the active sites and docking was performed by
moldock function, which is an implementation of
evolutionary algorithms (EAs), focused on
molecular docking simulations. Docking was
performed with all the potential active sites
detected on Ketol-acid reductoisomerase (KARI)
of Staphylococcus aureus enzyme. During
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Docking at first the molecules were prepared and
bonds, bond orders, explicit hydrogens, charges,
flexibletorsions, were assigned if they weremissing
by the MVD program to both the protein and
ligands. From the docking wizard ligands were
selected and the scoring function used isMoldock
score. The model was calibrated using a data set
from the PDB hind database with known binding
affinities (expressed in kJ/mol)™.

Docking analysis was performed using
default parameters of Molegro. Before docking,
the protein structure was searched for possible
cavities using cavity detection algorithm of
Molegro. A big sub surface cavity of 2266 U was
resulted asfirst cavity and the remaining possible
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four cavities are found to be very small. Hence,
NADPH bound to INP3 wasextracted and utilized
as ligand for active site identification on model
protein. NADPH is allowed to rotate, vibrate and
tranglate in all possible degrees of freedom and
the best pose was evaluated based on dock score
or binding energies reported as kcal/mol. The
experiment was performed thrice (Table.1).

RESULTSAND DISCUSSION

Insilicoanalysisof K etol-acid reductoisomer ase
(KARI) of Staphylococcusaureusby Homology
modeling

The translated protein sequence was

MTTVYY DO DVET DALO GE KAV EY G50 GH AHAQ NLEDNGY DVVIGIRP GR 5F DEAKEDGF OV FPYAEAVEQAD VI MVLLE
DEIQGOWVYKNEIEPMLE KHNALAFAHGFMNIHFGYIOP PADYDVFLVAP KGP GH LVRRTFVEGSAVPSLFGIOODASEOARN 1AL
SYAKGIGATRAGVIETTFKEETETDLFGEQAVLCGGEYSKLIOSGF ETLVEAGY O PELAYFEVLH EMELIVDLMYEGGMENVRYS1S
MTAEFGDYVSGEP RVITPDVEENMEAVLTDIONGNFSMRFIEDNENGFKEFYKLREEQHGHC IEKVGRELR EMMP FIKSKSIEK

ProtParam

The parameters computed by ProtParam
include the molecular weight, theoretical pl, amino
acid composition, atomic composition, extinction
coefficient, estimated half-life, instability index,
aliphatic index and grand average of
hydropathicity (GRAVY). Molecular weight and
theoretical pl are calculated as to compute pl/
Mw?2,

The number of amino acidspresentinthe
Organophosphorus hydrolase of Kocuria sp. was
325 with a molecular weight: 35597.9 whose
theoretical pl was9.82.

Aminoacid composition

Ala(A) 5 75%
Arg(R) 12 3.6%
Asn(N) 15 45%
Asp (D) 2 6.0%
Cys(C) 1 0.3%
GIn(Q) 16 4.8%
Glu(E) 2 8.7%
Gly(G) KYJ 9.6%
His(H) 9 2.7%
le(l) 21 6.3%
Leu(L) 21 6.3%
Lys(K) 23 6.9%
Met (M) 8 24%
Phe(F) 19 5.7%
Pro(P) 13 3%
Ser (9 14 4.2%

Thr (T) 13 3%

Trp (W) 0 0.0%

Tyr(Y) 12 36%

Vd (V) 3 9.3%

Total number of negatively charged residues
(Asp+Glu): 49

Total number of positively charged residues
(Arg+Lys): 35
Atomic composition

Carbon C 1656
Hydrogen H 2576
Nitrogen N a2
Oxygen 0] 503
Sulfur S 9

FormulaC __H._ N O..S

1656° 2576 442 ~ 50379
Total number of atoms; 5186

Extinction coefficients

This protein does not contain any Trp
residues. Experience shows that this could result
in morethan 10% error in the computed extinction
coefficient. Extinction coefficients are in units of
M-t emrt, at 280 nm measured in water.
Ext. coefficient 17880
Abs0.1% (=1g/l) 0.483,assumingall pairsof Cys
residues form cystines.
Ext. coefficient 17880
Abs0.1% (=1g/l) 0.483, assumingall Cysresidues
are reduced.
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Estimated half-life

The N-terminal of the sequence
considered isM (Met).

The estimated half-life is: 30 hours
(mammalian reticul ocytes, in vitro).
I nstability index

The instability index (1) is computed to
be38.66
This classifies the protein as stable.
Aliphaticindex: 83.44
Grand average of hydropathicity (GRAVY): -0.304
SOPMA

The Sequence length was 334 whose
Alphahelix (Hh) accounts 170 amino acids of about
50.90%. The extended strand (Ee) had 52 amino
acids accounting 15.57%, Betaturn (Tt) made up
of 28 amino acids making up 8.38% and random
coil (Cc) made up of 84 amino acids accounting
25.15%. Therewasno 3, helix (Gg), Pi helix(li), Beta

10 20 30
I I I
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bridge (Bb), Bend region (Ss), Ambigous states
and other states. The parameters were window
width of 17 with a similarity threshold 8 and the
number of statesis4* (Fig.2).
PepWhed

PepWheel drawsahelical wheel diagram
for aprotein sequence. Thisdisplaysthe sequence
in ahelical representation asif looking down the
axis of the helix. It is useful for highlighting
amphipathicity and other properties of residues
around a helix. By default, aliphatic residues are
marked with squares; hydrophilic residues are
marked with diamonds, and positively charged
residues with octagons, although this can be
changed (Fig.3).
Dimensional Structure determination of
Organophosphorushydrolase of Kocuriasp

PROSITE method (with tools and
information) covered by this documentation for
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Fig. 1. Ligands: 1. 2-(4-Methoxy-benzoylamino)-benzoic acid; 2. N-(5-Methyl-thiazol-2-yl)-2-morpholin-4-yl-
acetamide; 3. 2-(2-Piperidin-1-yl-ethyl)-isoindole-1,3-dione; 4. 5-(2-Morpholin-4-yl-acetyl)-5,10-dihydro-
dibenzo[1,4]diazepin-11-one; 5. 5-(2-Piperidin-1-yl-acetyl)-5,10-dihydro-dibenzo[b,e][1,4] diazepin-11-one; 6.
2-(4-Benzyl-piperazin-1-yl)-N-(3,4-dichloro-phenyl)-acetamide; 7. 2-(4-Benzyl-piperazin-1-yl)-N-pyrimidin-2-
yl-acetamide; 8. 2-(4-Benzyl-piperazin-1-yl)-N-(4-methyl-pyrimidin-2-yl)-acetamide
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Fig.2. Significant improvement in protein secondary structure prediction by consensus

prediction from multiple alignments (SOPMA)
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Fig.4. Insilico 3-Dimensional Structure of Ketol acid Reductoisomerase of Saphylococcus aureus
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theactivesteresiduesGIn28, Leu79, Leu80, A5p82,
Alal06, His107, Pro129, Lys130, Gly131, Pro132,
Glul86, Asp190, Glul94, Cysl99. This was
confirmed by performing Pfam - Protein Family
Analysis (http://pfam.sanger.ac.uk/

RANI & LAKSHMI: STUDY OF KETOL-ACID REDUCTOISOMERASE (KARI)

family?acc=PF00704)*. Alignment of Protein
Sequence K etol-acid reductoisomerase (KARI) of
Saphyl ococcus aureus and template >1NP3A with
chain length of 327 isasfollows.

Gocore = 504 bits (1299), Expect = e-144, Method: Composition-based stats.
Tdentities = 185/327 [56%), Positiwes = 2367327 (72%), Gaps = 17327 (0%)

Query: 2 TV D ODVETDAL QGFETAVYGY G 0 GHAHAQN LKDNGYDVVIG IR GRA-FDEAFEDG &0
V+YD+D HIGEFALHGYEEQGHAHSE NLED+G DV +G6+R &+ Ed+
Fbjcot: 1 MEVFYDEDCDL ST IQGEEVAIIGY G30CHAHACH LED 3GVDV TV LES GIATVAKAR AHG 60
Query: 61 FDVFPVAEAVEQADVIMVLLPDE IOGDVYENEIE PHLEFHNALAFAHGFNIHFGVIOQPPL 120
VoW 4AY  ADVHIHL PDE QG +YE EIEFNL+E LAFAHGF+IH+ + F 4
Sbjct: 61 LEVADVETAVALADVVMILTPDE FOGRLYFEEIE PHLEKGATLAFAHGFIIHYNQWYEFREL 120
Query: 121 D¥DVFLVAPKGPGHLVERTFVEGSAVPSLFGIQQDASGUARNIAL 3VAKGIGATRAGWIE 150
D+DV +HAPE PGH VR FV+Ez +P L I QDASG AHN+ALSYA G R +IE
Gbjct: 121 DLDVIMIAPEAPGHTVRIEFVEGGGIPDLIATYQDASGNARNVAL 3TACGVGGGRTGIIE 130
Query: 1581 TTFEEETETDLFGEQAVLCGGYWSELIQSGFETLVEAGTQPELAYFEVLHEMELIVDLMYE 240
TTFEAETETDLFGEQAVLCGE  +L++HHGFETLVEAGY PE+AYFE LHE+ELIVDLMYE
Sbjct: 1831 TTFEDETETDLFGEQAVLCGGCVELYEAGFETLYEAGYAPEMAYFECLHELELIVD LMYE 240
Query: 241 GHEMENVEYSLINTAEFGDYVIGPRYITPDVEENMEAVLTDIQNGN FINEFIEDNENGFEE 300
o+ N+ ¥3ISN AE+CGHYVHGP ¥VI O+ + M+ L IHG ++ FI + +
Fbjct: 241 GELANMITY ST SNNAEYGETVTGPEVINAEIRLAAMRNALERIQDCEYAFMFITEGALNTYES 300
Query: 301 FYELREEQOHGHOIEEVGRELEEMMPFI 327
E H IE++G +LE MMP+I
Sbjcr: 301 MTAYRRNNAAHPIEQIGEKLEAMMPWI 327

Table 1. H-bond interactions and dock score (kcal/
mol) of NADPH against Ketol-acid
reductoisomerase (KARI) of Staphylococcus aureus

Ligand Dock score  H-bond interactions
(kcal/mal)

NADPH  -155.482 GIn28, Leu79, Leu80,
Asp82, Alal06, His107,
Pro129, Lys130, Gly131,
Pro132, Glu186, Asp190,
Glul94, Cys199

Ligand1l  -72.979 GIn28, Lys130

Ligand2 -57.076 Nil

Ligand3  -57.636 Nil

Ligand4 -64.524 Nil

Ligand5 -70.126 GIn28

Ligand6  -74.799 Asp82

Ligand7  -62.147 Asp82

Ligand8 -85.161 His107, Aspl190, Glu194

J PURE APPL MICROBIO, 8(1), FEBRUARY 2014.

Fig.5. Docking of Drugs onto Ketol-acid
reductoisomerase (KARI) of Staphylococcus aureus.
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Then an alternative method for finding
thehomologousproteini.e., fold prediction method
was used. Thereisan automated server for protein
modeling which searches the homol ogous protein
by fold prediction and sequences are modeled with
high degree of accuracy. The generated model was
subjected to several repeated cycles of energy
minimization using SPDBV software and thefinal
model was subjected to stereo chemical evaluation.
The fold prediction method found out Template
1INP3 from protein data bank of Crystal structure
of class| acetohydroxy acid isomeroreductasefrom
Pseudomonas aeruginosa was found to be the
best homologue and modeling was carried out. The
generated model was subjected to several repeated
cycles of energy minimization using modeler
softwarethat isperformed by satisfaction of spatial
restraints and the final model was subjected to
stereo chemical evaluation®®. After Energy
minimization, the energy of the protein model is
found to be-1.10 KJmol that fits Ramachandran
Plot (Fig.4).

Docking of ligands onto Ketol-acid
reductoisomerase (KARI) of Staphylococcus
aureuswith certain I nhibitor s(Amides)

Docking studies Ketol-acid
reductoisomerase (KARI) of Staphylococcus
aureus were initiated using inhibitors reported in
literature, designated asligand 1 to 8 respectively.
Dueto the presence of big cavity withinthe protein,
template docking was performed by considering
NADPH astemplate (Table.1; Fig.5).

From Table 1, it was evidenced that
ligands 2,3,4 and 7 displayed weak to average
activity with model protein whereasligands1, 5, 6
and 8 represented moderate activity when
compared to NADPH (dock score: -155.482 kcal/
mol). It was observed that ligands 2, 3 and 4 are
devoid of any H-bond interactions and remaining
all showed one h-bond except ligand 8. The high
score (-85.161 kcal/mol) of ligand 8 might be
attributed to the mode of h-bond interaction with
His107, Asp190 and Glul194 residues, respectively.

CONCLUSON

The 3- dimensional structure Ketol-acid
reductoisomerase (KARI) of Staphylococcus
aureus was predicted by using SPDBV. Later by
using thismodel it was docked by different ligands
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which are amides acting as amides. Thein silico
model proved that thisenzymeisan effectivedrug
target and thereby many diseases caused by
different bacteria can be treated and cured.
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