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Introduction purify sucrose synthase from thermotoler:
characterize it for molecular weight, effe
Wheat is an important cereal cropbditueatdocdhsentir@uieon, ions and inhibitol
physio-chemical and nutritiona$ ptroperties that mak
irreplaceable staple food in the daily diet of Maderimls am.dIkethods
production area is very wide of about 221.70 million ha with
annual production of 659.9 million toReest miabhBhieali mindetvae geadhs (21 Days afi
environments, which explains its hugehemrmoovelmearttiwheataW Hifle021 were harve
around the whole world (FAO, 2015). WhewatveSe sihemtofraectDepartment of Pla
and quality is greatly affected by cHiargticacAgnigedtwartaleiWmeversity, Hisar. A
germination, growing or maturation btagkethixtalin were afiteghlypurity analytica
affects the nutrition properties and quality of end products. From
past few years the increased termin&ixtraaticoresss haroBEebgydttiioasef:enzyme w
terrible loss of crop productivity (Bitaamdh®emetiho020d8% @asbeadoiygSharma and
period for wheat is constantly reducamgnaniduridghacéimpetinré30-60%), columr
beyond 30°C,which is usually encounatededoduréxghlangr pahtrofiatography (DE
grain filling period, drastically reducescthhrdéguiesd and quality (Singh
et.al2011pZhE2011).
Enzyme aSsaryose synthase activity in crud
The developing grains are activethigeprépratheicysnthersisgofurification proce
a wide range of necessary metabolitematrhbd adrdmeoieonlasdbechugherty (1972).
as starch and proteins that are essentlamfprifpdarctogtaiwntiUDFruUdynefy mole), suc
different level of sugar under variousMES daudsepldpH €roci@d nomelims) and enzy
conferring the tolerance to plants ibgubmaddl&oim@5smireral 37 C. The reactio
physiological processes (Rathietagdbpleatimig 20060 0rre S@atmon mixture in boiling w
2016). Starch synthesis is one of thRdhepsetdrftuztoceswatd ateisssured by Somog
greatly offended by this high temper@Soneoghiefllyd4ab)er Tanehegisivalent amoun
that leads to overall reduceitonl 2O @& e bdcsilaeed faom a standard curve prepared
Starch is the principal storage form p§ calrp.oynerates ¢hatntymes is defined as
about 70 to 85% of final dry weightttodt graatianly sSeuiscth s ef oismbhiton of one g mole
precursor of starch along with being the main mobile form for
photosynthetic assimilates from leavd®sdbe emdost mRmoo®hre abilvtarious fraction
of plant to transport sucrose is signifitizatliyncwarse lddeactwidby measuring th
temperature as unfavorable temperatQuantatatpocessitamaeidbunceod protein at eac
crop productivity (Fitz Simons and Ohoswewnteuiswax0d6éne Dyclroldeveing(ilidéd ethoc
metabolism is one of the crucial processes as it is essential for the
distribution of crucial carbon resourCharacdefozathenioitisatddoes erfeyedbbasreweig
various signals involving hexose baségpusiuigad shgyaie (Kechstimated through
2004). Sucrose synthase (UDP glucoselumnfrwasosealdbgbiedsyith the followin
transferase, EC 2.4.1.13) is the firstrmardkenes¢Zinpo mant aalzy.meytochrome-C (
that catalyzes the first metabolic astkepdriamses (2PoB8ekBarchovine serum albur
conversion pathway, which catalyzdydtbgenaye r(RidimrkyDageanz00 kDa). The
interconversion of sucrose and UDP tovdDmMeglvao calaznudaftreuc toys@ising blue dextr
(Baroja-Feendn@®D3; Keeling and MywesghtOb®)edcht standard protein was plo
sucrose synthase mainly contributesviomlume dangctibe ofosecudse weight of pur
degradation to provide sugar nucleotdidekcufatre doimeiex hgo byahibration graph. Sul
synthesis (Chourneyetl@@D16)olpicell@as determined by carrying out poly.
electrophoresis (10% gel) in the presence
The relationship between sourcemanbosink Ideeriteidit(1e970).
yield of a crop. As it is highly active in growing sink organ, so can
act as a marker for setk.ast2@hg}h ThHeeThe purity of enzyme preparation was
characterization of this important IPAEEEownyiersidmionhetsweseem of Davis (196¢
sucrose and starch in sink organs of th&emenolpHanalwkeeawaesevased viz. for pH
important and this prerequisite the de¢aalted bluriber|efdbgepbif ramege 5.7 6.7, 0.06
sucrose synthase. Hence, the aim ofrdhgepbe8en.t2 study Maphtoossphate buffer an
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0.06 M tris-HCI| buffer and pH at whicrhd makilnuimnaweisiexprasseguasaceiaitye
observed was taken as pH optamareTdveithfdectiohiteibope The effects of monovale
the purified enzyme activity waturecawpoed aptd tIROPE'divaleht,Ca , Mn*, Mg
ranging from 25 to 65°C. Excepstfidudilpgse WwZymaedetldrmined by carryiggmaut en:
of the reaction mixture were ataindg@hr@®trdlti@RP6PPfhese metaly iwms. Res

temperature in a water bath bEbIrg 3tNbifed tARING§aActivity of control as 10
Thermostability of purified earsauyimeg wlas tested by me

residual activity after incub@tmiqp tdite enzymerfry|l3s and Discussion
temperature ranging from 25 to 6&i%9C. The substrate specifi
of enzyme sucrose synthase wabsngleternsin@rh ey syrmathdde from wheat grains w
different potential nucleotidheDBUICSDIAte §dVizonHPfour-step purification proced
TDP and GDP at a concentratioe atf aljimd udid he kg, €t ane (NH ) SO fraction was
saturating conce-ntratio'n 'of stycw\oassamézsprrg%)in P(gbiveio%)’ respectively (Tabl:
calculated by taking activity of contrgfg$id&Q&n. In further purification by mol
o o exchange chromatography through Sephad
The activity of purified preparatiody WS degsdie L #Si% purity was obtain
UDP as substrate at a final concentratign \aghj8 e Tf&%ﬁ@iém L&o reported a
mM and at a constant concentrationpchfriqpﬁcarﬂ5?I 35 &s%“é:yntahse through
simil_arly using sucrose as substrate @ai @Eﬁi@ﬁéeFl%’lﬁggtéﬁfh%n, in cherry lean
varying from 5 to 45 mM and at a constginfP RFENdhFY MR &N HPdh (has carried ou
mM). The K values were determigyedidy hSBHImM &ris-HCI buffer (pH 7.5
Lineweaver Burk plot method (19343pidhie Maah@ndfMhePbnzyme. The final er
bisubstrate reaction catalyzedaby sﬂ)lérc!ifﬁi%da@t’i‘\?ilf_w%T“Q?O.41 units mg protel

investigated by incubating the enzymeg Wihh pafutadtngorniSe synthase fron
saturating concentrations of one supsdrgfggRndogayying the

concentration of the other substrate.

o . . The molecular weight of purified suc

The activity of purified prepattheetipdy ¢4 &S fe@asbi8dgk| filtration through sej
presence of different metabolttes,\,a%tzgigrggactq:fifga_rqnand 2A), which was i
concentrations (1, 2 and 5 mM).olhe PP b3 9fePdntt cBY@Thted by the equati

Fig. $DS-PAGE pattern of purified sucrose synthase from wheat grains
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462 E. Verma et al.

TableSuimmary of purification of sucrose synthase from immature wheat grains

Fraction Volume Total altiwieyn Specific activity Retdvery

(ml) (Units) (mg) “(Units/mg protein) purificatiol
Crude extract 315 4200.00 415.30 10.11 -
(NH) SO (30-60%) 20 3438.60 106.80 32.20 3.18
Sephadex G-100 33 2773.16 15.88 174.63 17.26
DEAE-cellulose 60 1541.32 5.7 270.41 26.72

TableRubstrate specificity of sucrose synthase

Substrate Concentration (mM) Enzyme activity (% control)
UDP 1 100

ADP 1 34

TDP 1 12

CDP 1 21

GDP 1 3

TableBffect of various metabolites on purified sucrose synthase

Metabolites Enzyme activity (% of control)
1 mM 2 mM 5 mM

AMP 100.0 102.9 73.7
ADP 103.6 100.0 88.4
ATP 100.9 100.0 100.0
ADPG 103.5 99.4 100.0
NAD+ 99.3 101.3 101.9
NADH 100.0 100.4 101.2
NADP+ 99.7 95.9 84.1
NADPH 100.0 99.6 99.2
G-1-P 102.5 101.0 100.0
G-6-P 100.8 86.6 66.4

Table Hffect of various metal ions on purified sucrose synthase

lons Enzyme activity Stimulation Inhibition
(2 mM) (% control) (%) (%)
Control 100.0

K 111.9 11.9 -

Na 109.7 9.7 -

MH 61.5 - 38.5

MY 84.5 - 15.5

CH 98.7 - 01.3

Cl 98.7 - 01.3
HC,0 112.9 12.9 -
CHCOO 83.9 - 16.1

N O 120.8 20.8 -

co 109.9 9.9 -

(1964). The subunit molecular weighsymt$ adseete Mhien didd by MEDiX- structure is gen
PAGE, was estimated to be 63 kDa {Rjg.staBilitpdt@nngmth,ewhich is turn is p
tetrameric configuration of sucrose sfyumndtdeaiagdosinlpeéeemayden(Bergandahi ar
SDS-PAGE suggested the homomerisustosetsyntbbsseupuosféed from rice was h:
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Fig. Petermination of molecular weight of purified sucrose synthase through A- Sephad

from rice grains with moleculaetwaelight 2BMbe kduax reSien gyghthase showed maximu
2009) The variations reported in the aobksdessermodevutharatvevghand below this
values may be due to different metiWdies eampricey @dribiredhdwsreang the present in
determinations and different plant spepites50€dover a pre-incubatiomglperiod of
temperature, the enzyme undergfeigt rapi
The environment surrounding th@®nzAmes5°C eshendnzlyme I1DigniVadrdy othies
for its stability and functiars. deite remizyexyemaec tpuirtiyied froet ol @0R )(Suice grail
over a range of pH 4.0-8.0 (&4g7 BAN(BLliegsanddfikouia, 1995) aetdas2@@3d)blead (k
md protein to 270.25 Units mg6paoteenmadspabiditly dedween 50-60P§. abloevdo s
respectively. Thereafter, enzymleicachieviteymgecaearssedange could3bP dacive di
clearly indicates that pH 6.5udsoogdimeiureuoifibe esnzyme.
synthase. This pH value is portohdortinety with the re
enzyme from rice gtaah23009i)ngwhich hasOwH of all different nucleotide substre
optima of 6.5 in the directiosmsisf. Uh®@>-mgteodrsetiopnahd saturating concentratio
difference observed has been artd bantaelsluto ossemsy cidrafoenactivity was highest wit
changes in enzyme, which adter its kimfethe prtdipernucleoside diphosphate testec
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which is in consistent with earlier reporSudoosthesemtzyvase ffollowed typical N
wheat and rice grains (Huang aemdlWanetidgWithSKnyalues of 14 .2/8) mMdfdr 18uc
2009), showing higher affinity of enzimefdprUDPP(Rigy.sUBgtraienidacurivese amalic
Although, ADP specific sucrose symtilghs&mhaweud@dsiorbe@drose havenbeme reg
reported from spinach leawtegl{PO2)etguRi®iEBrdrom wheat aneétharlie9Q3IMaTtiae:
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Fig. Bffect of varying concentration of sucrose and UDP on sucrose synthase activity in
sucrose (B). Values are mean of three replications + SD

effectiveness of sucrose cletasbage hrigaaetdo@-pfrBninhebited the enzyme activity by
concentration of sucrose amd U&welicpLhgamdt8di%tioespectively. NADP and G-6
grains. A plot of reciprocaVssoaecericeaiomfmef dchivity by about 4 and 13% at 2
reaction rates at fixed sub-8§abumatiargli(Lioamme salnld for NAD, NADPH and G-1-P
saturating (25 mM) concentrat¢itoos pdradiiesa d¥ogall and Copeland, 1985). The
lines (Fig. 5A), indicating pireg- ploen @ n g evévio.l Iblwesefore, is more likely to be ¢
bisubstrate-biproduct mechanisewipsodilidgbiktydpn by other type of allosteric
plot of sucrose concentratieconb-satugatingn rates at
(0.5 mM and 0.8 mM) and satioatiofgU@PmMheoaiferctraf various metal ions on ¢
again gave a set of parallmingnetse (FigaciBit}cowmais studied by incubredimgdthe \
the enzyme follows ping-pong mechanismons at a concentration of @bheM4each
MH , Mg, CHCOGd- and SO were found
The effect of various metabolitesimtaidisoudiew hoer sagrase Na, HC®d NO a
synthase activity. The results presentedeimzyaeleadtividycaNne Pphac€ilcuilamseifast «
the enzyme activity was negligibly af§®eterd g oretaimlitasi @t lowW iivhiyp.itTdre of
concentration (1 mM). At 5 mM conceretsatienc &M pParkeDie IN D thre fordengfohat
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sucrose synthase in cleavingydimakijonlI54dAa@a%2).and

2000; Breskod2809). Laemmili, U.K.: Cleavage of structural protein
head of bacte Napdta@y® 8§0.-685 (1970).
In the present study the pur|f|éH”'e§VlF@ﬁ’c?§eHsyafﬂtq1 gBurk :The determinatior
catalysed the sucrose cleavge by pin rp%‘ﬁga] Seng’tﬂaem (1934).

high specificity for UDP as substrate %y §JH§H¥n'tsw‘?trh I%]I‘ﬁr?%h%eynalgemgear:{ anc
metal ions such as K, Na, HCO , CO an (Wdthymaxim

enhancemenpnt by NO , Which representsarthreen,se. ofothesa/mertael Canbajosa, |I.D. ¢
ions for regulating the enzyme activity. Cﬁhbopﬁaé%eﬁvcsfptﬁ@y ayigthese gene in barl
help in understanding the function andSp7olyB bifS SUpc spsgific ekfEr@Ssion of

synthase that in turn would be benef|C|1a' tfté%%%]réi 1pgr &Juqi%woftySucros@Isaymthase(

stress and signaling. Ph.y78149 154 (1985).
Pozueta-Romero, J., J. Yamaguchi and T. Akaz.
Acknowledgment the ADP-specific cleavage of sucrose-reas:
synthe&B.S L@t96283-237 (1991).
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