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ABSTRACT

The effect of ionizing radiations was known to increase the conservation
length of products, to improve their physicochemical properties and/or to
enhance the rate of several reactions. The effect of ®Co-gamma-ray
irradiation on two oxidoreductase activities was investigated: alcohol-
dehydrogenase from yeast and lipoxygenase from soybean. The results
showed that the y-ray doses between 10 and 70 Gy allowed to increase the
specific alcohol dehydrogenase activity by 1.45fold. It was also concluded
from the results that the effect of irradiation on alcohol dehydrogenase
activity was moreimportant when yeast cellswereirradiated before enzyme
extraction. In this case, alcohol dehydrogenase activity was enhanced by
twelvefold compared to the activity tested in theirradiated enzymatic extract.
In contrast, the gamma irradiation doses used to activate the alcohol
dehydrogenase did not affect the soybean lipoxygenase activity. Although
the belonging of lipoxygenase and alcohol dehydrogenase to the
oxidoreductase class, these enzymes have different sensitivities award the
gammaray irradiation. © 2012 Trade ScienceInc. - INDIA
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INTRODUCTION

Radiation chemistry of proteinshas been studied
for morethan 30 years, |eading to numerous potential
and effective applications to a wide range of food
products and medicinal materiald'™. The ionising
radiations have been used to increasethe conservation
length of food products, to modify the chemical
properties of some productsand/or to enhancetherate

of somereactions®.

The use of enzymes as catalysts in industrial
gpplicationsismainly related to their specificity and to
their sdlectivity!®. Their useistherefore, considered as
an alternative way to replace chemical catalysts. In
variouscases, theactivation or theinhibition of enzymes
by radiotreatment could be effective and could havean
important industrial opening. Theeffectsof radiations
on the conformation of enzymes have been the subject
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of severd studies®!?, Purdieand Lynn™” havereported
that themol ecular weight of enzymeswaschanged asa
result of irradiationtrestment. Previousstudieshavea so
shownthat relatively low dosesof gammaray irradiation
led to an enhancement of enzymeactivitiescontainedin
microorganismg*2. Several works described the
treatment by irradiation of fruits and vegetabl es341>
16182122 in post-harvest process in order to improve
the shelf life of the products, however dataspecificto
theeffectson proteinsand enzymesislacking.

Therefore, the main objective of thiswork isto
investigatetheimpact of ©Co-y irradiation on enzyme
activity. Two oxidoreductases belonging to the
lipoxygenase pathway were studied: soybean
lipoxygenase (LOX) and alcohol-dehydrogenase
(ADH) contained in Saccharomycescerevisiae. The
choice of these enzymeswas related to their known
high sensitivitiesand their poor stabilities®. TheLOX
catalyses oxidation of polyunsaturated fatty acids
producing hydroperoxy-fatty acids; precursors of C6
aromacompounds. TheADH catal yses reduction of
adehydesto their corresponding alcohols. Aldehydes
and a cohol shave specific aromaproperties©.

MATERIALSAND METHODS

Irradiation

TheLOX andADH activitiesweretested at differ-
ent gammea-ray irradiation dosesdepending ontheir radio
resistance. Twoformsof ADH preparationsweretested.
On one hand, the ADH extracted from dry baker’s
yeast cells(S cerevisiae purchased fromtheloca mar-
ket) wastreated by different irradiation doses going
from 10to 12500 Gy. On the other hand, theirradia-
tionof dry baker’s yeast cells was performed at doses
from 10 to 300 Gy. The commercialized solution of
lipoxygenase (Sigma, France) wasexposed toirradia
tion doses going from 1.3 to 12.5 kGy. In order to
determine the dose rate that could be applied to the
preparations, and to have a good distribution of the
doseintheirradiated samplein the chosen conditions,
cartography hasbeenachieved (D__ /D . ratioat 4°C
was1.145and D__ / D, ratio at 25°C was 1.168,
Frick dosimeter). Thedoseratewas1.77 Gy s'at 4°C
duringirradiation of enzymesolutionand 1.36 Gy s'at
25°C during irradiation of dry baker’s yeast cells. Irra
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diation of sampleswas carried out inthe Nationa Cen-
ter of Nuclear Sciencesand Technologies(Tunisia) by
using ®Co source. Theinitial activity of the sourcewas
about 100.000 curies.

Extraction of yeast alcohol-dehydr ogenase

The cytosolic enzymewas extracted from 100 mg
of dry baker’s yeast cells (S. cerevisiae), whichwas
mixed with 5 mL of phosphatebuffer 0.1M pH 7. The
mixturewas stirred for 5minwith 5 g of glass beads
and centrifuged 10 min at 3000 rpm and 4°C. The
supernatant was used to test theADH activity.

Yeast alcohol-dehydrogenaseactivity

TheADH activity that catalyses the oxidation of
ethanol was determined with a spectrophotometer
(Beckman DU530; France) at 25°C by measuring the
increase of NADH absorbance at 340nm. The molar
extraction coefficient of NADHwas6220cm M. The
ethanol oxidation activity was performed in phosphate
buffer 0.1 M, pH7 by using 0.2 mM NAD (Sigma,
France) and 0.1 M ethanol (Prolabo, France). To
initiatethereaction, 35 uL of enzyme solution (0.25 mg
mL 1) were added to the mixture. One unit of ADH
activity wasdefined asthe amount of enzymerequired
to oxidizeor reduce 1 pmol of cofactor per min under
theexperimental conditions.

Lipoxygenaseactivity

LOX activity wastested spectrophotometrically at
25°C, by measuring the increase of absorbance at 234
nm due to appearance of conjugated double bonds.
Thereactionmedium (3mL.) contained 180uL of linoleic
acidemulsion, 20 uL of enzyme solution, and glycine
buffer 0.1M pH9. Thelinoleic acid emulsion (10 mM)
was prepared with 70 mg of linoleic acid (Sigma,
France), 70mg of Tween 20 and 0.5 ml of sodium
hydroxide solution (0.5N). Thevolumewas adjusted
to 25 ml with distilled water. One unit of lipoxygenase
activity corresponds to the absorption increment of
0.001 min™, All experiments were conducted in
triplicatesand theresultswere obtained asthe average
of the experimentsunder the same conditions.

RESULTSAND DISCUSSION

Effect of y-ray irradiation on yeast ADH activity
Biological activematerial such asenzymecan be
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inactivated under irradiation. Thisinactivationisdueto
thedirect andindirect impact of theray energy which
can adter theenzyme conformation(*¥,

In thisstudy, the ADH extracted from yeast was
irradiated with doserateequal to 1.77 Gy s, and the
impact of variousdoseson theenzymeactivity wasin-
vestigated and was compared to thenon irradiated one.
Figure 1 showsthat therelativeactivity increased until
1.4 when enzymatic extract wasirradiated to adose of
30 Gy by gammaray. However, whentreating theen-
zyme at doses between 60 and 100 Gy, ADH activity
was progressively reduced and thentotally inhibited at
doseshigher than 70 Gy. Theloss of theenzymatic ac-
tivity by higher doses may be dueto the ateration of
theenzymestructure.

1,5

-

Relative Activity

0,5

0 10 20 30 40 50 60 70 80 90 100

Doses(Gy)
Figurel: Effect of different dosesof y-ray on ADH activity
fromyeast. Thedoserateused was 1.77 Gy s*. ADH activity
wasmeasur ed in phosphatebuffer 0.1 M pH 7in presenceof
0.2mM NAD and 0.1 M ethanal. Activity isrdativetothetest
without irradiation (activity equal to 3.43U mg? proteinscon-
sidered as1).

Effect of y-ray irradiation of yeast cellson ADH
activity

TheADH activity wasextracted from lyophilized
yeast cellsprevioudy treated with y-ray irradiation at
doserateequa to 1.36 Gy s*. A significant increase of
ADH activity was observed when cellsweretreated at
dosesgoing from 10to 300 Gy (Figure2). Thehighest
ADH activity of 30.95U mg? of proteinswas obtained
after irradiation at 50 Gy. Thegammaray irradiation of
yeast cellsimproved the extracted enzymeactivity up
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to 10 times compared to the non-irradiated sample.
Theresultsa so suggested that ADH activity contained
inirradiated yeast cells stillsenhanced at higher y-ray
dosesgoing until 300 Gy compared to the non-irradi-
ated sample. Theseresultsarevery interesting and dem-
ondratethat thegammaray irradiation of cellscould be
considered asefficient and smple method for increas-
ing extracted enzyme activity. They are more spectacu-
lar than results obtained after enzymeextract irradia-
tionwhereADH activity incressesdightly and decreases
until total inhibition at 80 Gy (Figure 2). Inthelatter
conditions, freeradica sproductsof radiolysismay act
toinactivatethe enzyme. So theuse of enzymeinits
biologica environment enhancesitsprotectionandra
dioresistance.
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Figure?2: Effect of °C gammaray irradiation of yeast cells

- or enzyme prepar ation @ on ADH activity extracted.
Irradiation wascarried out at room temper aturewith adose
rateof (1.36Gy s?). Theactivity wasmeasur ed in phosphate
buffer in presence of 0.2 mM NAD (Nicotinamide adenine
dinucleotide) and 0.1M of absoluteethanol.

Inanother seriesof experiments, theADH activity
wasextracted using two methodsfromyeast irradiated
at doses going from 10 to 300 Gy. The enzymewas
extracted in presence or in absence of glass beads.
Theactivity wasaround 3.43 U mg* of proteins after
irradiation and extraction in absence of beadswithout
ggnificant changeat different irradiation doses (Figure
3). However the ADH activity extracted by crashing
with glass beads increased up to 29.22 U mg? of
proteinsafter irradiating theyeest cellsat 50 Gy. These
resultsdemonstratethat the detected ADH wasmainly
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intracdllular. Thefact that ADH activity was detected
in spiteof absence of glassbeads may be explained by
apossibleeffect of theirradiation on the recovery of
theenzymeby destabilizing the partition of lipoproteins
inyeast cells. Theresults obtained after irradiation of
thewhol eyeast cell ssuggest that theyeast cell walls
may scavengeradiolytic aqueousfreeradicdsand may
protect the enzyme molecules from the radiation-
induced denaturation. Theionizing trestment could then
replace physical treatmentsused to liberate enzymes
such astheuse of glassbeads. So, thelow gammaray
irradiation dosesallowed toincreasetheADH activity
on one hand, and to permeabilize the yeast cell
membranes on the other hand.
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Figure3: Theeffect of gammaray irradiation on theextrac-
tion of ADH from yeast cell. -»— Extraction of ADH with glass
beadsfromyeast irradiated at dosesgoing from 10t0 300 Gy;
- < -extraction of ADH without glassbeadsfromyeast irra-
diated at samedoses. I rradiation wasachieved at room tem-
peratureat adoserateof (1.36 Gy s%). Theactivity wasmea-
sured in phosphatebuffer in presenceof 0.2 mM NAD and
0.1M ethanal.

Effect of gammaray irradiation on LOX activity

Tow forms of soybean lipoxygenase have been
treated by gammaraysirradiation. Figure4 showsthe
effect of irradiation on LOX activity inlyophilized and
aqueousforms. A significant differencein enzymatic
activity wasshowed at different dosesuntil 12.5kGy
(Figure4). Thesolution of LOX wasirradiated, this
enzymatic activity wasmaintained constant and dightly
increased at doses between 9 and 12 kGy. In contrast,
lyophilized enzyme preparation showed significant

increaseintheLOX activity asfunction of gammaray
irradiation doses. Inthiscase, the activity was 6 times
higher thanthe blank test.
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Figure4: ®C-yray irradiation effect on theenzymaticactivity
of soybean L OX. Thedoseratewasof 1.77 Gy s*. .aqueous
solution of LOX; [l lyophilized LOX. TheLOX activity was
measured in glycinebuffer pH90.1 M in presenceof linoleic
acid (10mM).

Asdescribed above, during theirradiation under
theagueousconditions, it may be considered that water-
derived radiolyticradicasact to destabilizetheenzyme
and thento decreaseitsactivity intheaqueoussolution
of LOX. As shown in figures 2 and 4, enhanced
enzymatic activitiesof LOX and ADH werenot affected
by thesameleve of irradiation, suggestingthat theradio
sengitivity of thesetwo enzymesisso different dthough
they are belonging to the same enzyme class
(oxidoreductases).

CONCLUSION

Themain objective of thisstudy wasto evaluate
theinfluence of gamma (Cobalt 60) radiance doseon
theactivitiesof ADH and LOX. Theresults showed
that ADH extracted from yeast was activated by using
low irradiation doses of gammaray (10-70 Gy). Also,
adestruction of the cytoplasmic partition by gamma
radiances seems to facilitate the extraction of this
enzyme. However, theresultsdemonstrated that LOX
wasactivated by higher dosesgoingupto 8kGy indry
state and 12 kGy in agqueous sol ution.
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