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ABSTRACT

Glutathione-s-transferases (GSTs) are the group of multifunctional enzymes
which play akey rolein the detoxification of variousforeign compoundsand
their metabolites. In this study, sheep lung cytosolic GST isozymes were
purifiedand some propertiessuch as maximum enzyme activities respect to
CDNB and DCNB, isozyme compositions, pH, temperature, DCNB and CDNB
dependency of GSTsactivity aswell asmetal inhibition profilewere examined.
The specific activity of lung GST towards CDNBwas determined 336 + 73
nmol/min/mg protein versus 1.05+0.32 for DCNB. The rates of reactions
werelinear upto 42 pug and 4.7 mg of sheep cytosolic proteins for CDNB and
DCNB, respectively. The sheep lung GSTs showed its maximum activity at
a broad pH range between 6.6-7.6 towards CDNB, while at pH value of
around 8.0 towards DCNB. Sheep lung cytosolic GSTs showed different
inhibition patterns by metal ions such as Ni?*,Cd?, B&**, Mn?*, Co?*, Cu?,
Pb?" and Zn?*. The identification of new and more potent GSTs could be
useful for industrial applications. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

The lungs are constantly exposed to chemicals
present inthe environment that may pose somerisk of
causng determinateeffectstothelung. A few investiga
torshave studied pulmonary GSTsactivitiesinmice,
ratsand rabbits. Sincethelung playsaroleinthebody’s
first lineof defensein the detoxification of many poten-
tidly toxic compounds, it isof interest to recognizethe
existence of different subunits belonging to GST
IS0zymes common to several mammalian species, in-
cluding sheep, and severa organsother thanliver, like
lung could be principle necessary to simplify the ex-

trapolation of datafrom rat to man.

GSTs(EC2.5.1.18) areacomplex multi-genefamily
of enzymesthat arewiddy distributed intheanimd king-
dom™. Thisfamily of enzymes possessmany biologica
functions; themost important of whichisnon-oxidative
detoxification of abroad spectrum of xenobioticsin-
cluding carcinogens, toxins, and drugs?. Aswell as
playing akey rolein the metabolism of xenaobiotics,
GSTsareasoinvolved inthe metabolism of endog-
enous substances such asleukotrieneA4 prostaglandin
Al,and steroids®. GSTsareinvolved in non-substrate
binding to such substancesashilirubin, steroid, bileac-
idsand other hydrophobic and amphipathic molecules
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and haveanimportant rolein hepatic anion transport™.
The conjugate compounds becomelessreactive, more
hydrophilic and usually nontoxic and thusableto be
excretedinurine.

Numerous substrates may serve as substratesfor
GSTs. However, most substrates used are products of
modern chemical industry and havenobiological rel-
evance. Furthermore, most of these compoundsgive
comparatively low enzyme activities. Nevertheless,
someof thesesubstratesare va uabletool sfor the char-
acterization and identification of thedifferent formsof
GSTs. CDNB and DCNB arethemost commonly used
substratesto assay for GST activity and most of the
characterized GST isozymes show high activity with
these substrates®.

Inthisstudy the properties of sheep lung cytosolic
GST wereexamined such asmaximum enzymeactivi-
tiesrespect to CDNB and DCNB, isozyme composi -
tions, pH, temperature, DCNB, CDNB and GSH de-
pendency of GSTsactivity aswell asmetal inhibition
profile. Inorder to resolve theisozyme composition of
lung cytosolic GSTs, sheep lung cytosol was subjected
to CM-and DE-cel lul ose column chromatographies.

MATERIALSAND METHODS

Prepar ation of sheep lung cytosols

Thefreshlung tissuesfrom 6-12 months ol dsheeps
werehomogenizedin0.15M KC1 solution, containing
20mM Tris-HC1 buffer, pH 7.4and 0.1 mM EDTA
and subjected to centrifugation at 12,0009 for 25 min
toremovecdl debris, nuclel and mitochondria. Themi-
crosomes were sedimented from the supernatant by
centrifugation at 130,000 g for 110 min(Beckman,
USA) and stored at -20°C for further analysis. The
protein concentration were determined by Lowry
method.

| solation of cationic GSTs

Theshegplung cytosol wasdidyzed against 10mM
potassium phosphate buffer pH 6.5. Thedidyzed cy-
tosol having about 1.02x10° unitsof GST activity to-
wards 1-chloro-2, 4-dinitrobenzene (CDNB) (Sigma,
USA) wasappliedto 1.7 x25 cm CM-cellulose col -
umn (Sigma, USA), previoudly packed and equilibrated
inthecoldroomwith about 1 liter of equilibration buffer
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(20mM potass um phosphate buffer, pH 6.5) at aflow
rate of 42 ml/hour. The column waswashed at aflow
rate of 37.5 ml/hour with around 500 ml of the equili-
bration buffer until no absorption of effluent at 280nm
was detected. After adequately washing, the cationic
sheep lung GSTswere el uted from the CM-cellulose
columnwith alinear KC1 gradient of 200 ml 10 mM
potassium phosphate buffer, pH 6.5 and 200 ml of the
samebuffer containing 0.05 M K C1. Thefractions of
about 2.5ml werecollected duringthegradient e ution
with aflow rate of 35 ml/hour. The protein profile of
chromatography was determined by measuring theab-
sorbance of fractionsat 280 nm. The GSTsactivities
were determined using CDNB as substrate and ex-
pressed as nmoles/min/mg protein. SDS-Polyacryla-
mide gel electrophoresiswas performed on fractions
using 4% stacking gel and 12% separatinggd inadis-
continuousbuffer system and stained by silver staining
method.

| solation of anionic GSTs

The sheep lung cytosol CM-cd lulose column flow
through fraction (anionic peak) (62 ml) was collected
and dialyzed against 25 mM Tris-HC1 buffer, pH 7.8.
Thediayzed elution having about 3.8 x 10* units of
GSTsactivity towards CDNB, wasappliedtothe 1.7
x 32 cm DE-céllulose column (Sigma, USA), previ-
oudly packed and equilibrated in the cold room with
about 1 liter of equilibration buffer (25 mM TrissHC1
buffer, pH 7.8). The column was washed with the
equilibration buffer inthe samemanner asinthe case
of the CM-52 column. After adequately washing, the
anionic sheep lung GSTswere eluted from the DE-
cellulose columnwithalinear KC1 gradient of 150 ml
25 mM Tris-HC1 buffer, pH 7.8 and 150 ml of the
samebuffer containing 0.15 M KC1. Thefractions of
about 2.5 ml were collected during the gradient elu-
tionwith aflow rate of 35 mi/hour. Theprotein profile
of chromatography was determined by measuring the
absorbance of fractionsat 280 nm. The GSTsactivi-
tieswere determined using CDNB as substrate and
expressed asnmoles/min/mg protein.SDS-Polyacry-
lamide gl eectrophoresiswasperformed onfractions
using 4% stacking gel and 12% separating gel ina
discontinuous buffer syssem and stained by silver stain-
ing method.

An udéan Journal



BCAIJ, 8(2) 2014

Reza Farzad et al. 63

Deter mination of sheep lung GST activity towards
CDNB

GSTsactivitiesweredetermined by monitoring the
thioether formation at 340 nmusing CDNB. Thereac-
tion mixture included 0.1 M potassium phosphate
buffer, 1.0mM CDNB, 1.0 mM GSH. Thecytosolic
proteins were 1/50 diluted in 0.02 M
potassiumphosphate buffer, pH 7.4 prior to addition
into thereaction mixtureat 25°C. The optical densities
weredetermined at every 5 secondsfor 100 seconds.
Theextinction coefficient used in thecal culationswas
9.6 x10°M1.cmt. Oneunit of GSTsactivity isdefined
asthe amount of enzyme producing one mole DNB-
SGformedinoneminute.

Deter mination of sheep lung GST activity towards
DCNB

GSTsactivity weredetermined by monitoring the
thioether formation at 345 nm using 1,2-dichloro-4-
nitrobenzene (DCNB) (Sigma, USA) assubstrate. The
reaction mixtureincluded 0.1 M potassium phosphate
buffer, .0mM DCNB, 5.0 mM GSH inafinal volume
of 1.0ml. Thereactionswere started by the addition of
thecytosolsat 37°C. The increases in the optical den-
sities were determined at every 15 seconds for 300
seconds. Theextinction coefficient usedinthecacula-
tionswas 8.5 x10° M1.cm™. The sheep lung GSTs
activitieswereexpressed asnmoles/min/mg (unitsmg)
protein. Oneunit of GST activity isdefined astheamount
of enzyme producing onemole DNB-SG formedinone
minute

Effect of pH and temperatureon the GSTsactivi-
ties

ThepH assayswere carried out using eleven 0.2
M potassum phosphatebuffers(0.1M in 1 ml reaction
mixture) of pH vauesranging between 6.2and 8.2 with
respect to both CDNB and DCNB. All the activity
determinations were carried out as described under
methods. Reactionswerecarried out at 25°C and 37°C
for 1.5 minutesand 5.0 minuteswith respect to CDNB
and DCNB as substrates. The effects of temperature
on sheep lung cytosolic GSTsactivitieswere detected
by incubating thereaction mixture congtituents, without
adding the enzyme source (sheep lung cytosolic frac-
tion), at indicated temperaturesfor 5 minutes, then add-
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ing the cytosolic fractionsand following therate of re-
actionsfor 1.5and 5.0 minuteswith respect to CONB
and DCNB. Tendifferent incubation temperatures, of
10°C, 14°C, 18°C, 23°C, 27°C, 31°C, 34°C, 37°C,
45°C and 48°C, were used.

Effects of metal ions on sheep lung GSTs activi-
ties

The effect of meta ions (Ni?*,Cd?*, Ba?*, Mn#,
Co?, Cu?, Pb?" and Zn?*) on sheep lung GST activi-
tiesagainst CDNB and DCNB wereexamined by add-
ing various concentrations of meta chloridesand ni-
trates, ranging from 0.91 to 910 uM, into the assay
mixtureimmediately before starting thereactions. The
effectsof chlorideand nitrateionson sheep lung cyto-
solic GSTswerea so studied by adding KCl and KNO,
at theequivaent concentrationsof metd chlorides(1.82
uM —1.82 mM) in to the assay mixture.

RESULTS

TheGSTsactivitiesof sheep lungscytosolic frac-
tions

The specificactivitiesof theshegplungsGSTswere
determined as 336+73 nmol/min/mg protein and
1.05+0.32 nmol/min/mg protein with respect to CONB
and DCNB assubstrates, respectively. Didyssof sheep
lung cytosolsagainst 20 mM Tris-HCI buffer, pH 7.4
hed nosgnificant effect on GSTsactivities Consequently,
theactivitiesweredetermined directly usngtheun-dia-
lyzed cytosol, throughout thisstudy. Sheeplung GSTs
seemed to be saturated by both CDNB and DCNB at
1.0mM concentrations (Figure 1).

GSTsweresaturated at 1.0 mM and 5.0 mM GSH
towards CDNB and DCNB, respectively (Figure2).
TheV, _ andK  vauesof sheeplung GSTsfor CDNB
as substrate were calculated as V __ =438.6 and
V,.;=396.8 nmol/min/mg proteinand K _ =0.07 mM
andK _,=0.054 mM, respectively. When CDNB was
used assubstrateat leasttwo V' andK _valueswere
foundfor GSHasV,__,=423.7andV __ =463 nmol/
min/mg protein, andK_ =1.042mM K _=3.33mM,
respectively. The DCNB saturation curvewasnon-hy-
perbolic, whichiscommon for many GST isozymes, so
theK _andV __ valuescould not becaculated using
simply double-reciprocal plots.
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Figurel: Substrate, DCNB and CDNB, saturation curvesfor sheep lung GSTs. (a) Thereaction medium contained varying
concentrationsof DCNB,5mM GSH, 0.1 M PBS, pH 8.0, 2.8 mg cytosolic protein in afinal volumeof 1 ml at 37 °C for 5
minutes. (b) Thereaction medium contained varying concentrationsof CONB, 1 mM GSH, 0.1 M PBS, pH 7.4,27.82 ng
cytosolicproteinin afinal volumeof 1 ml at 25 °C for 1.5 minutes.
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Figure?2: Substrate, GSH, saturation curvefor sheep lung GSTs, towardsDCNB and CDNB. (a) Thereaction medium
contained varying concentrationsof GSH in 0.1 M PBSpH 8 with respect to DCNB. (b) Thereaction medium contained
varying concentrationsof GSH in 0.1 M PBSpH 7.4 with respect to CDNB.

Effect of pH and temperatureon the GSTsActivi-
ties

The highest sheep lung GSTs activitiestowards
DCNB wereobserved at pH va uesof 8.0. However,
sheep lung GSTsexhibited maximum activity towards
CDNB at abroad pH range (6.6-7.6). For measure-
ments of the other properties of GSTs, optimum pH
values of 7.4 and 8.0 were adopted for CDNB and
DCNB respectively (Figure3a). Thehighest sheeplung
GSTsactivitieswereobserved at 48° C and 37°Cfor
CDNB and DCNB, respectively (Figure 3b).

Effectsof metal ionson sheep lung GSTs
Theeffectsof metal ionson GSTsactivitieswere

examined (TABLE 1).It must be noted that KCI and
KNO, had no significant effectson GSTs activitiesto
all the concentrationsused (datanot shown).

Purification of sheep lung GSTs

37.55% of thetota sheeplung GSTsactivity which
was applied to the column was el uted asone peak (an-
ionic peak) prior tothe K Cl gradient applicationin CM-
column chromatography. Theremaining activity bound
to the CM-52 columnwasresolvedinto, at least 5 cat-
ionic peaksfor sheep lung GSTsdesignated asC1 to
C5 (Figure 4a) in the order of their elution from the
column by linear KCI gradient of 200 ml, 20 mM po-
tassium phosphate buffer, pH 6.5, and 200 ml of the
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Figure3: Effect of (a) pH and (b) temper atureon sheep lung GSTsactivitiestowardsCDNB and DCNB assubgtr ates.

same buffer containing 0.05 M KCI. No additiona an-
ionicisozymescould be e uted from the column with
higher salt concentrations. Asit seeninfigure4, two
activity peaks, C4 and C5, which more abundant than
the other cationic peaks, were el uted from the column
TABLE 1: Theinhibitory effect of metal ionson sheep lung

cytosolic GSTsactivities.Theinhibition valueswer elisted at
910uM concentration of each ion.

M etal CDNB assubstrate DCNB as substrate

lon (%) (%)
Ni2* 11.7 25
cd* 39.0 575
Ba®* Slightly Effect 50.5
Mn?* Slightly Effect Slightly Effect
Co* 100.0 100.0
cu® 16.2 90.0
Pb** 44.9 78.0
n* 47.4 11.0

(a)

0D2B0nm

Fraction Volume (ml)

Figure4: (a) CM-celluloseand (b) DE-cellulose column chromatogr aphy of sheep lung cytosolic GSTs.
e, BIOCHEMISTRY
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at around 0.019 M and 0.022 M KClI concentrations,
respectively.

Thesheeplung GSTsactivity peaks(anionic peaks)
obtained from the CM-52 column before the applica
tion of the salt gradientswere subjected to DE-cellu-
|ose column chromatography for further separationinto
different anionicisozymes. During e ution by thelinear
KCl gradient of 150 ml, 25 mM Tris-HCI buffer, pH
7.8 and 150 ml of the same buffer, containing 0.15 M
KCl, at least 7 overlapping anionic peaks (designated
A1toA7) of GSTsactivity wereobtained (Figure4b).
No additional peaks of activity could be eluted with
higher salt concentrations. The most abundant sheep
lung GSTsactivitieswererecoveredintheanionic pesks
A3and A5 whichwered uted from the column at 0.082
M and 0.087 M K Cl concentrations, respectively.
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Figure5 shows photograph of onetypical SDS-
polyacrylamidegdl after Sllver staining. Thelanescon-
tained molecular weight standard protei ns, sheep lung
cytosol and some of thefractionscollected after CM
(CM-52), and DE-cdllulose column chromatographies.
Thedigtribution of subunitsthroughout thepesksissche-
matically drawn under photograph and the correspond-
ing molecular weightsare shown onthesides. The cat-
ionic fractionsobtaned from CM-cel lulose chromatog-
raphy of sheep lung cytosol (C1 through C5) gave at
| east three subunitshaving molecular weightsof 29,000,
28,300, 26,500 Da. The C5 cationicisozyme contain-
ing peak exhibited all the subunits. Theanionic frac-
tions obtained from DE-cellulose chromatography of
sheep lung cytosol (A1 through A7) gaveat least four
subunits having molecular weightsof 28.200, 27.500,
25.600, 24.800Da

DISCUSSION

123 45678 910111213 14

Figure5: SDS-Polyacrylamide gel electrophoresis (12%)
of sheep lung GST cationic and anioicisozymesisolated on
CM and DEAE-cdlulasecolumn chromatogr aphy, respectively.
[Lanes 1-5: Cationic sheep lung cytosolic fractions (peak
C1-C5); Lane®6: Protein marker; Lanes7-13: Anionic sheep
lung cytosolic fractions (peak A1-A7) and Lane 14: sheep
lung cytosol]

Theglutathione-s-transferase can beclassified to
basic or acidicisoenzymes. Morethan 90% of the ac-
tivityinhumanlung cytosol resultsfromtheacidicisoen-
zymes corresponding to pi class®. However, in sheep
lung cytosol 37.55% and 2.56% of the activity results
fromtheacidic and basi cisoenzymesrespectively and
at least 60% of the activity in sheep lung cytosol results
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fromtheneutrd dassMuisoenzymes. Actudly, wehave
not observed any activity, by usng DCNB assubstrate,
inthefirst and second column gradient el uents. Most
the DCNB activity wasmost probably eluted without
attaching the CM-cdlulose columnandincludedinthe
60% near-neutral or neutral isozymes contained flow
throughfraction.

Themost detail ed investigations of the steedy-State
kineticsof the GSTshave been performed for theme-
tabolism of the el ectrophilic substrate, DCNB by rat
liver GST 3-3 (class Mu) which is known to be a
homodimert?. Although thekinetic, equilibriumbinding
and product inhibition datafavor asteady-state ran-
dom sequentia mechanism for thisreaction®. Theki-
netic mechanismof GST 3-3 hasnot been fully resolved,
dueto the observation of non-Michadian (non-hyper-
bolic) substrate-rate saturation curves. Explanationsfor
the gpparently anoma ousnon-hyperbolic kineticshave
included subunit co-operativity, steady- state mecha
nismsof differing degreesof complexity, and the super-
impogition of ether product inhibition or enzymememory
onthese mechanismg?. Thedeviationfrom Michadis-
M enten ki netics observed when the concentrati on of
DCNB isvaried at aconstant GSH concentration isof
the kind obtai ned when amixture of enzymes having
unequal Km values act on the same substrate. How-
ever, thetrivia explanation of inhomogeneousenzyme
seemsinvadid sincethedeviationremanseven with pu-
rified enzymesamples. Inthisstudy, we have examined
thekineticbehavior of lung cytosolicGSTsusng CDNB
and DCNB assubstrates. Since we have not used pu-
rified fractions, it israther hard to draw conclusions
about isozyme composition by eval uating these data,
but still somevaluableindications have been noted.

GSTshavebeenisolaedin homogeneousformfrom
awidevariety of sources. Many recent purification pro-
ceduresincludeaffinity chromatography™?. However,
for the sake of comparison, GSTscan beresolved into
their ionicisozymesby ion-exchange columns depend-
ing ontheir ionic properties. Igarashi have compared
the GST i1sozyme composition of mouse, guinea-pig,
rabbit and hamster liverson S-Sepharose column chro-
matography!™¥. Inthis study, the sheep lung cytosols
have been subjected to separation on CM- and DE-
cdllulose columns according to the procedurefollowed
by Reddy except that cytosol isdirectly gppliedto CM-
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cdlulosecolumnwithout pre-purification on Sephadex-
150 and S-hexyl Sepharoseaffinity column*?. Thesub-
unit compositionsof theisozymesinthe peaksisolated
fromion-exchange chromatography are examined by
SDS-polyacrylamide gdl eectrophoresis.

Themost prominent feature of GSTsisthe r occur-
renceinthemultipleformsinan organism. Theestab-
lishment of such multiplicity has been based on chro-
matographi c and el ectrophoretic separationscombined
with activity measurementsusing CDNB astheelec-
trophilic substrate. Theuseof thiscompound asagen-
eral substrate has almost importancein recognizing
multitude of isozymesinvarioussources. Nevertheless,
asnoted dready by Clark, someenzymeformsdisplay
low specificactivity with CDNB andtheexclusiveuse
of thissubstrate may impede detection of someisozymes
that exit™*l. CDNB hasa so been used as substratein
thisstudy, in order to determine the sheep lung total
GSTsactivitiesincytosol.

Although the comparison of some characteristics,
such as pH, temperature, substrates, CONB, DCNB
and GSH, dependenceof lung GSTsdoesnot givemuch
information about theisozymes contained in thisorgan,
still have provided some clues about the presence of
differentid isozymecompostion.

Severd investigationsreved ed different interactions
of metalswith GSTsof varioussources. Invitroandin
vivo experiments showed some discrepanciesin the
results. In our study, the effectsof Cd, Mnand Zn met-
ason sheegplung GSTswereexamined invitro.Freundt
have reported that |lead which isfound in the [VA .
group of theperiodictable, inhibited theactivity of GST
preparationsfrom cestode proglottids, nematodein-
testind epithdid cdlsfromrat branandrat liver invitro,
but these results could not be confirmed4, [n our
studieslead caused around 40%increaseinthe CDNB
conjugetion by sheeplung GSTs. However thisincrease
was not prominent with DCNB conjugationwhichis
specifically catalyzed by Mu class GST 3-3isozyme.
Theincreaseintheactivity can beexplained by thepres-
ence of another dominating isozyme of lung GSTSs.
Among zinc, cadmiumand mercury whichal belongto
thesamegroup (Group |1B of periodictable), mercury
seemed to bethemost apotent inhibitor of sheeplung
cytosolic GSTsactivity towards CDNB. However, dl
threeof themetalsdid not exert apotent inhibition pat-
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tern on sheep lung GSTs activity towards DCNB.
Barium (Group I1A) and manganese (Group V1IB) did
not haveany effect on sheep lung cytosolic GSTsactiv-
ity toward both CDNB and DCNB at all concentra-
tions, wheresas, barium hasaninhibitory effect on sheep
lung GSTsactivity at high concentrationtoward DCNB.
Cobalt and nickel whichareinthe VII1." group of the
periodictabledid not exhibit thesametypeof inhibition
pattern. Asthesheep lung cytosolic GSTsactivitieshave
not been influenced by nickel toward CDNB even at
high concentration studied, cobat haveastronginhibi-
tory effect onthesameactivities.

Study of thedigtribution of GST isozymesinhedthy
tissue has shown pronounced heterogeneity aswe ob-
servedinthisstudy. Thereasonisunclear, but probably
rel ateto different biological functionsof GST isozymes
indifferent tissues. Changesinthetissueexpressonin
diseased statesmay rel ate to metabolic changeswhich
occur with disease progression*,

CONCLUSION

Theam of thisstudy wasto examinethe properties
of sheep lung cytosolic GSTsin comparisonto two sub-
strates and to show theisozyme profiles and the sub-
unitscomposition of GSTsinthistissue. Theidentifica:
tion of new and more potent GSTs could be useful for
industrid applications.
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