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ABSTRACT

Background: With emergence of multidrug-resistant strains of Saphylococcus aureus, thereisan urgent need for the
devel opment of new antimicrobialswhich are narrow and pathogen specific. In this context, pyruvate kinase (PK) an
important enzyme in the glycolysis, which catalyses the formation of pyruvate which is the key intersection in the
network of metabolic pathwayswasisolated and purified from Saphylococcus aureus AT CC12600.

Methods: Purification steps included 10%-20% ammonium sulphate fractionation, diethyl aminoethyl celluloseion
exchange chromatography followed by gdl filtration on Sephadex G-100. The pure PK molecular weight was determined
by sodium dodecy! sulfate polyacrylamidegel electrophoresis(SDS-PAGE) andK  andV __ for the PK was demonstrated.

Results: The pure PK obtained from Sephadex G-100 gel filtration column exhibited K of 0.78+0.18 uM and Vmax
76.47+0.82 uM NADH/mg/min and molecular weight of 250 kDain solution. However, in SDS-PAGE showed single
band with a molecular weight of 63 kDa confirming the homotetramer nature. In all steps of purification the K |
remained constant indicating presence of only one kind of enzyme. The PK gene searched in the genomic sequences
of Staphylococcus aureus aso confirmed the same.

Interpretation and conclusions: In Staphylococcus aureus presence of only one kind of PK unlike in other Gram
positive bacteriaexhibiting distinct differencesin enzymekinetics. Thisenzyme a so showed the functionality of PK is
found to be different from itshuman host. Therefore, PK probably isregarded asanideal drug target in the devel opment
of new potent antimicrobials.
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Saphylococcus aureusinfections, because of its
adaptability and persistence in various
environmental conditions. Though, newer classes
of antibiotics were introduced to treat
Saphylococcus aureusinfectionsthe organism
acquired resistance to all those antibiotics.
Saphylococcus aureus is even resistant to
vancomycin, aglycopeptide antibioticwhichis
supposed as last resort for prescription in the

INTRODUCTION

Saphylococcusaureusisubiquitousorganismand
it can causevariety of lifethreateninginfections
ranging from skin abscessto severeillnesslike
endocarditis, toxic shock syndrome, pneumonia,
mastitis.! Saphyl ococcus aureus can infect any
anatomica region of human body of bloodstream,
cardiovascular, eye, ear, nose, and throat

infections. An Indian working group Global
Antibiotic Resistance Partnership (GARP)
research estimates that of the approximately
190,000 neonatal deaths each year dueto sepsis.?
An increasing percentage of Saphylococcus
aureusinfectionsare caused dueto the occurrence
of “multidrugresstant (MDR) strains’. Even after
theentry of antibioticsit wasdifficult to control
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treatment and management of Saphylococcus
aureusinfections.® These drug resistant bacteria
showed increased pathogenecity and it hasbeen
observed that drug resistance regulates various
metabolic pathwaysin the organism.

Saphyl ococcusaureus derivesitsenergy by the
catabolism of glucose through Embden-
Meyerhoff-Parnas pathway.* Thefinal product
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pyruvateisthemost important step of glycolysis
because pyruvatefurther entersinto tricarboxylic
acid (TCA) cyclewnhere, it further cataboliseand
it controls the carbon flux of glycolytic
intermediatesand regulatesthelevel of adenosine
triphosphate (ATP) inthecell and TCA cycleis
linked to pathogenecity of theorganism. Pyruvate
isakey intersection point the activation of TCA
cycleand formation of pyruvateis catalysed by
pyruvatekinase (PK) enzyme.®

The enzyme PK (ATP: pyruvate 2-O-
phosphotransferase E.C.2.7.1.40) catalyzes
irreversibly by the conversion of
phosphoenol pyruvate (PEP) to pyruvate, coupled
tothe synthesisof onemoleculeof ATP. The PK
belongsto group of transferaseswhich couples
thefree energy of phosphoenol pyruvate (PEP)
hydrolysistothesynthesisof ATPtoform pyruvate
and this process requires participation of both
monovaent (K*) and divalent (Mg?*) cationsas
co-factors.®” The presence of bound substrate and
metal ionsalso increasestheaffinity of fructose-
1,6-bisphosphate (FBP) for the allosteric site.®
ATP, alanine, phenylalanine becomes negative
alostericinhibitorsof PK and servesasaswitch
between the glycolytic and gluconeogenic
pathways.® Thisregulation flux by PK turnsdirects
theconcentrationsleve sof glycolyticintermediates,
biosynthetic precursors, and nucleoside tri-
phosphatesinthecell which inturnsregulatesthe
cell proliferation and survival of Saphyl ococcus
aureus.’ot

To expand understanding the mechanism of
acquiring MDR strainsin the systemweneed to
study theregulatory enzymeswhich, contributefor
resistanceand aidsfor pathogenssurvival. Inthe
present study has been focused on theisolation,
purificationand biochemica characterization of PK
from Saphyl ococcus aureusATCC 12600.
MATERIAL AND METHODS

For the present study, chemicalswere obtained
from Sisco Research LaboratoriesPut. Ltd., Indig,
Hi-MediaL aboratories Pvt.Ltd., India, Sigma
Aldrich, USA, New England Biolabs, USA and
QIAGEN Inc., Vdencia, CA.
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Bacterial strainsand conditions

SaphylococcusaureusATCC12600 wasgrown
onmodified Baird Parkar media'? at 37 °C. After
overnight incubation single black shiny coloured
with distinct zone colony waspicked and cultured
inbrain heartinfusion (BHI) broth at 37 °C. Thus,
grown Saphylococcus aureus ATCC12600
culturewasused for theisolation, purification of
PK enzyme and extraction of chromosomal
deoxyribonucleicacid (DNA).

| solation and purification of Pyruvatekinase
from S. aureusATCC 12600

Saphylococcus aureusATCC12600 wasgrown
inBrain heartinfusion broth (BHI) at 37°Cupto
|atelog phase[optical density at 540nm (OD,,)
=0.9] fromthe culturethe cytosolic fraction was
isolated™® and used for PK enzyme assay. PK
from the cytosolic fraction was purified first by
concentrating initially with 0%-10% (NH,) .SO,.
Thisfraction showed minimum activity therefore
further (NH4),S0, fractionation wasfollowed and
at 10%-20% (NH4),SO, the fraction showed
maximum activity which was used for further
purification. Thus obtained pellet after
centrifugation at 10,000 romfor 10 minat 4°C
wassuspendedin2mL of 0.1M Tris-HCl pH 7.4,
and dialyzed against the same buffer. PK was
further fractionated on DEAE cellul ose column.
For this, ImL of 10%-20% (NH,),SO,
concentrate was loaded on DEAE cellulose
columnand PK was el uted with stepwise gradient
of NaCl concentration preparedin 0.1M Tris-HCI
pH 7.4. The peak fractionin each gradient was
assayed to check the presence of enzyme.
Maximum PK activity was observed in 20 mM
NaCl fraction whichwasdiayzed against 0.1M
TrissHCl pH 7.4. The dialyzed fraction was
concentrated using Lyophilizer (Delvac) and
fractionated on Sephadex G-100 (superfinegrade,
30cmx 1.5cm) whichwasswollenin0.1M Tris-
HCI pH 7.4 and the PK was eluted with 0.1M
Tris-HCI pH 7.4 containing 50mM NaCl. The
calibration of the column was performed using
catalase (232 kDa), adolase (158 kDa), albumin
(67kDa), ovabumin (43kDa), chymotrypsinogen
(25kDa) and ribonucleaseA (13.7 kDa). Proteins
weredutedwith 0.1M Tris-HCI pH 7.4 containing
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50mM NaCl at aflow rate of 0.5mL/min. Each
peak fraction wasassayed to identify the presence
of enzyme. Inall the stepsof protein purification
the concentration of the protein was determined™
method and the molecular weight of the purified
enzymewas determined by running SDS-PAGE
(10%).%

Kineticsstudy

The cytosolic fraction was collected fromthe S
aureusto performtheenzymeassay and kinetics
for PK. The reaction mixture contains 50mM
TrisHCI, pH 7.5; 45mM adenosi ne diphosphate
(ADP); 6.6mM nicatinamideadeninedinucl eotide-
reduced (NADH); 4.5mM PEP; pureand crude
enzyme in cytosolic fraction and pure lactate
dehydrogenase (LDH). Thereaction mixturewas
incubated at 4-5 min at 37 °C and absorbance
wasread at 340 nm by consumption of NADH
againg referenceblank. Themaximum velocity of
the enzyme catalyzed reaction was cal cul ated by
taking varying concentrations of substrate PEP
from 1mM to 10 mM and Kmand Vmax for PK
was determined using Hanes-Woolf plot ([S] vs
[SIV).

RESULTS

In the present study PK was identified in the
cytosolic fraction of Saphylococcus aureus
ATCC12600 with enzyme activity of 0.015 +
0.001 pM NADH/mL/min, V ma 44.1 £ 0.24 pM
NADH/mg/minandKmO0.75+ 0.2 uM. Fromthis
fraction PK was purified first by 10%-20%
(NH,),SO, concentration followed by DEAE
cellulose chromatography (Figure 1) and gel
filtration on Sephadex G-100 column. ThePK in
anion exchange column was fractionated using
discontinuous gradient of NaCl, the PK activity
was observedin the peak fraction of 20 mM NaCl
gradient, the eluted protein was dialysed and
lyophilized. This was further fractionated on
Sephadex G-100 and thefirst e ution pesk showed
maximum enzyme activity. Themolecular weight
determined from Sephadex G-100 indicated PK
has molecular weight of 250 kDaand the pure PK
exhibited K, 0.78 + 0.18 uM and V e 76.47 £
0.82 uM NADH/mg/min (Figures2A and 2B). In
all the steps of protein purification the enzyme
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activity increased with the increase in the
purification. TheK inall stepsof purification
remained almost constant and indicated presence
of only one kind of PK in the Saphyl ococcus
aureus (Table 1). These results were also in
accordance having only one putative gene
productsfor PK found inthe genomic sequences
of all the strains of Saphylococcusaureus. The
eluted protein was concentrated and was
electrophoresed in 10% SDS-PAGE on staining
with silver nitrate asingle band with amolecular
weight of 63 kDawas observed (Figure 3) and
singlebandin SDS-PAGE indicating PK existsas
homotetramer enzymein solution.

DISCUSSION

It is well known that prokaryotes derive their
energy maximally from glucose catabolism®Y’ and
PK isoneof threeregulatory enzymesinglycolyss
which controlstheoveral activity of the pathway
it catalyses the formation of pyruvate from
phosphoenol pyruvate by producing one ATP
molecule.’®® Pyruvateisakey intersectioninthe
network of metabolic pathways®, therefore; inthe
present study PK of Saphylococcus aureus
ATCC12600 wasbiochemically characterized.

Thepurification protocol adopted yielded 32 folds
purified PK from Staphylococcus aureus
ATCC12600. Indl stepsof purificationincreased
enzymeactivity wasobserved (Table 1). The PK
from the cytosolic fraction was concentrated
successively by ammonium sul phate concentration
initial concentration of 0%-10% ammonium
sulphate showed no enzyme activity however;
10%-20% ammonium sul phate concentration gave
maximum activity compared to 20%-30% which
showed very low PK activity.2 FromthisPK was
successfully fractionated on DEAE cellulose
column and the peak fraction of 20mM NaCl
gradient showed maximum PK activity (Figure1
and Table 1). Thisfraction waslyophilized and
fractionated on Sephadex G-100 column,thefirst
elution fraction contained maximum PK activity
and molecular weight determined fromgd filtration
columnindicated molecular weight morethan 250
kDa Further, theenzymewase ectrophoresedin
SDS-PAGE (10%) whichgavesingleband witha
molecular weight of 63 kDaconfirming the PK
existsashomotetramer?%in solution (Figure 3).
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GEL FILTRATION ON
SEPHADEX G-100 COLUMN
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Figure1: Gdl filtration profile of Saphylococcusaureus

pyruvate kinase

PK fractionation on Sephadex G-100 (superfine grade,

30cmx 1.5cm). The PK waseluted using 0.1M Tris-HCI

pH 7.4 containing 20mM NaCl and the enzyme appeared

infirst peak
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Thepure PK exhibited Km 0.78 £ 0.18 uM and
Vmax 76.47 + 0.821M NADH/mg/min (Figures
2A and 2B); theVmax wasa most sameobtained
from both Hanes-Woolf plot and Line-Weaver
Buck plot corroborating thekinetic results®? The
enzymekinetic dataindicated Kmfor PK remained
samein all the steps of purification indicating
presence of only one kind of enzyme and these
resultsarein congruencewith theresultsobtained
fromthe PK genesearchin the genomic sequences
of dl Saphyloccusaureusstrainswhichindicated
asoneenzyme. However; in Escherichiacoli®
and Salmonella typhimurium?® contain two
isoenzymestypel andtypell withvariableenzyme
kinetics(Table2).

Saphyloccus aureus possess complete TCA

cycle unlike Escherichia coli, Salmonella
typhimurium?® and this makes this enzyme to
adjust itsredox conditions according to the host

environmenta conditions® and a so Saphyloccus
aureus can colonizein any anatomical localesin

thehost. The PK gene sequence of Saphyloccus
aureus showed no homology with its human
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Figure 2: Kinetic plots of pyruvate kinase for the determination of Km and Vm showing Hanes-Woolf Plot (A) and

Line-Weaver Burk plot (B) (L/[S] vs/V)

80



Pyruvate kinase of Staphylococcus aureus

Venkatesh et al

Table2: Compar ativeanalysisof pyruvatekinasekineticswith
other Gram negative, Gram positive or ganismsand Homo sapiens

Organism (I:HKA) (Uni\:g/arxng) Reference
Escherichia coli 008 0714 2z

Bacillus licheniformis 11 6] 2
Salmonella typhimurium 15 53 3

Homo sapiens R/L isoform 12 119 9& 19
Staphyloccus aureus 0.78 83.33 present study

>

Figure3: SDS- PAGE Protein profileanaysisof pyruvate
kinase

SDS-PAGE (10%) analysis of Staphyloccus aureus pyruvate
kinase Lane 1: Molecular size markers obtained from Bangalore
Genei Pvt Itd, lane 2: 10-20% ammonium sulphate concentrate
of Staphyloccus aureus cytosolic fraction, lane 3: Crude cytosolic
fraction of Saphyloccus aureus ATCC12600, lane 4: pyruvate
kinase obtained from the gel filtration on Sephadex G-100

counterpart therefore; such enzymeswhich play
key roleinthemetabolic flux inthe Saphyloccus
aureus can be potential drug targets in the
development of potent antimicrobialswhich are
pathogen specific.
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