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Abstract

Trehalose is a non reducing disaccharide cccurming in o wide range of onganisms. from bacterin, yeast, o
bovwer and kigher plants and insects. 1t is economically imporiant as o polent stress protectant, protein and
binlogical membrane stbilizer; hence biosynthesis of trebalose is an extremely important event.
Regulation of tehalose metabolism by protein methylation has been reported fram previous works of this
Inboeagory. Trehalose metabolism was monisoned during different stages of growth of Saccharamyees
corvvisiar. HPLC and enzymalic determination of trehalose, glucose, trebalose 6 phosphate phosphatass
(TP and trehalose 6 phosphate synthase (TPS) were carried out. It was naticed that trehalose, glucose,
VPP el TPS peaked at Auw ~20 duning growth but daring this periad the hydnalyzing enzymes, acid
trehalase (AT) and neutral rehalase (NT) are found to be bow. Effect of a potent universal methyl group
dangr S-adenosyl-L-methioning (AdoMet), and o methylation inhibitor, oxidized adenosine (Adox) on
trehabose metabolism hes been studied. Trehalese metshalism is allered when YPD grown cells were
mcubated for 1 hr in presence of cither | mM Adox ar AdoMet m 30°C and pH 6.0 TPS showed a slight
increase in specific activity in cells incubated with AdoMet over Adox. Trehalose level of Adox treated
cells were seen to be lower than contral theoughow the period of incubation. Trehalose bevel initkally
decreased upto 4 hours in all the sets by wiilizing pre-synthesized trehaloss, thereafter the AdoMet
ircubated cells showed sharp increase in trehalose content, in ® hours 3 fold, in 24 hours nearly § fold with

respect 1o others. Al the point of 48 bours. cells reached stationary phase in all sete and trehabose level was
Tound to increass.

Keywords: S-adenosyl-L-methionine (AdoMet), Acid Trehabme (AT) Oxidized adencsine {Adax),
Meutral Trehalase (NT), Trehalose-8-phosphate synthase (TPS), Trehalose-6-phosphate phosphatase (TEP),

Trehaloze.

Trehabose, commonly known as “insect sugar”, 1% a
major storage carbohydrate and is found ta be present in
& wide wvarety of microorganisms, plants, and
inveriehrles  except mammals.  Accumulation  of
trehatose in organisms pleys 8 mle in endancirg 1he
siness wlerance, This sugar was first Bolated from the
ergod of rve, in 1832 by Wiggers. Chemically this sugar
is  a-Deglucopyranosyl-  o-D-glucopyranaside.  Two
glucase molecules are linked together inp o, a l, 1-
glveosidic linkage: hence, trehnloss has no reducing
power. Due to the sbsence of reducing ends in the
chemical struchere, trehalose is highly resistant to heat,
pH and Millard's reacteon. [t accumulates intrace|fular|y
during periods of starvalion, desiceation and after
exposure o mild beal siress, where it serves 88 8 potent
membrane  sinbilizer, Besides  stabilizing  different
celluber siructures from adverse effects of freeting and
drying induced dehydrsibon and sabilization of protems
againg denauration, trelialose B3 also impanani for the
control of plucose Influx during the cellular responss 1o
adverse oondion. Trehalose 13 o muliiflanctional
milecule {Elbein et al, 2008} and the importanee of 1his
sugar lies in halh cconomic amd bistechnelagical fields,

*Carreaponding muior

It is 45 % a5 sweet a8 sugar, kighly soluble in both water
and  mqueosas  ethanol  amd  comparmtively  less
bygroscopic. Industrially it is wsed for the preservation
of color and taste of food products and for protecting
viscaines i bod climates. Human red blood cells can be
freeze=dried while mointzining a high degree of vishility
by loading trehaloss into them.

Trehalose biosynthesis &5 controlied by the activiey of
two synthesizing enzymes, TPS and TPP and o
bydrolyzing ensymes AT and WNT {Basu ot al, 2008
Lordeshorough and Vasime 19840 Our aim was o find
out the regulation of trehaloss biosynthesis by post-
ranslational mwdification of trehalose biosynthesizing
enzymes. Proteln methylation is one of the modes of
protein modification regulating prosein funcibon | Alerts
et al, 1998). Lhing AdoMet ns the methy] group domor
erd Adox s the methylotion inhibicor, the effiect of
prifein  methylstion and methyvlstion  shibition  on
awverll trehaloss metabolism is being sundicd

Materinls nnad Methods

Merins

Trehalose-6-phosphate,  Uridine  $'-diphosphophicose
UDPG),  glucose-G-phosphate  (G-6-P)  Perioduse
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Onbdiced sdenesine [ AdOx), S-adenosyl-L-methloning
{Adnkdeth, pherylmethylsulphonyt  Nuende (PMSF),
benzamidine hydrachloride, 2-mercaptoethonal,
Bradford reaged were purchased from Sigma, USA, All
the oiber chemicals and mecinn conipanemts uscd weng
of anelyvticn] gmide nnd swere |'Hm:l1mnd lm.'.ull}'.

Merhos
Crpanim and culture condition

The Kanamycin reskstant mutant diplosd strain of veost,
Kaccharomyoes cerevinioe MAT Ko was wed. Yeual
cells were allovwed 3 grow i YPL mvedium ol 30 2 1°C
shaker mewbator tll desired growih phase i obtoaed,
which is measured by tnking absorbance nt &60nm. Cells
were harvested by centrifugation at 10 000=g, ut 4-5°C
far 1min

Cell tvsis and preparation of enaeme sofuiion

Huorvested oells were suspended in lysis baffer and cells
were disrupled by passing twice through & FRENCH®
Pressure Cell Press (SLM Instraments, USA) at 18,004
Ib psi. The homogenate wis then centrifuged at 10,000 =
£ 4 -5 5C for 10 min and the supernatand was dealyeed
ngainst 11 -u-:l'diul_-.-:i: buffer with 4= 5§ changes fallowing
the method of Chaudburi et al., 2007, Precipitate which
oppeared after dialysis was removed by centrifisgation as
10,000 = g for 10 min The resuliing superratani was
wed as crude enzyme solution for different enzyme
assays. (L was also uwsed o measuwre protein  for
determining specifbe activily of the enzymes.

Assay of different ersvmes of ireholose bicowthesis
pathrway

Trchalose-G-phosphate  phosphatase (TPF)  was
measured nccording io assay proocal of Matula 8.,
Mirckell M., and Elbein AD., 1971. Trehalose=b-
phosphate synthase (TP} Acid Trchalse (AT) and
Meurral  Trehalase (NT)  activitiss  were  measured
md.irq to published prvu-'l.n-:nn] of Chaodbied e al.,
200H; Biswas and Ghosh, 1996 respectively.

Trehalose-f-phosphste | |mbd) was used as substraie for
TPP assay, incubated with MgCl; ag 37°C for 30 min.
Phosphate  group  liberated  was  quandified
metrically 08 Agsp nm. TPS activity was
amayed & 37 “C for 13 min using § mM UDPG and §
mbd G-6-F as subarrates. Trehnlose-6-phosphate {T-6-F)
formed was determined by anthrone color respent after
neutralizing &l other sugars, Final solulion wos
spectrophatometrically aralyred n Ay, pm{Chaudhuri
& al, 208). Trehalose [13.2mM) was used 8 substrate
fof AT and NT activities. Incubations were for | 5 min ol
30 0. Cilucose liberaied enzymalically was determined
by pliecose oxidase- peorosidase (GOD-PODY method
(Berpmeyer HLLI, 1974)
Lini of ensyme aetivity (L)) wios expreased in micromle
{pmole) of Phusphete liberaed (for TEFY, pmele of 1-6-
P symibesized (for TPS) and pmole of reducing sugor
liberaled (fr AT and W), per min upder assay
ol tionms,

Frodetn esfimalion
Ihe proetn conleit of cneyine solutlos wes nweasured

by Brndfned Hengent as per technical bulletin provided
by the manuficiurer, Sigmn, USA, Protein content of
whole cell homogenate wis determined by the modified
method of Lowry (Herpmeyer and Rernt,  1974)
Stgndard profcin sohdion used was bovine  sorim
albwmidn (BSA) from Sigma, LISA

Itraceiuler metaboflite exlfraction and thele eaimation

Intrncellula melaboliles Trom known mass of cells were
ealracted with 0.5 M cold perchloric acid acconding 1o
the prodocol of Sutherland and  Wilkinson, 1971
Adobdct wis esidmaded by HPLD using & cabion-
cochange column Partisil 10 SCX (4.6 =« 250 mm,
Whatman, England) (Biswas and Ghosh, 1997). Known
valume of membolite extrioct was injected, and amount
of AdoMet presend was determined from standand curve
generafed by injecting standurd  Adodet solutions
AdoHey was  also  determined  from  the  same
chromatpgrams by injecting AdoHey standards, and
comparing peak areas of AdoHey of injected samples
with slamidard curve. Trehalose was messured folliwing
e protocol of Parou and Francois, 1997 wing purified
AT by DEAE Sephadex A%0 column chromadopraphs
Intracellulas trehalose was also quentificd encymatically
by measuring amount of gleeese produced due 1o
hydralysis of treholose by purfied acid  Inchalase
{Chaadhuri ct al., 3008). Intrace|luler mowabolite coment
whs measured g5 pmole (g wet wiy',

Srudy of Trehalore Metobolire during ofiferent siages of
Crawth

Yeast cells were grown In YPD medium, aligwots wers
callected at different hours of growth to gel A ~ 010,
Aaso =15, Auses =20, Aw =25, Mg =10, and Ay -35,
The cells of different absorbance wvalues were then
separately harvested by centrifugation. In cach case,
total eell mass was divided o vwe pares, One part was
kept e eneyme preparation and ancther pan was used
for metabolite extraction by perchlone acid. The
enzymes TPS, TPP, AT, NT and the intracellular
meinbalides trehalbose, glucose, glucoss & phosphate,
Adaodet ond AdoBHcy were extracted and mensured.

Hlasynthesis of Trehalose during incubation of veast
cells with | mM AdOx omd Adoler [xhort feem
incuharion]

YPD grown cells (Au-200  were  harvested by
centrifagution und re-suspended under shoking ar 3050
i 2imM MES-BOH buller [pHS 0] conlsining cither |
mhd Addihy or Adobdes, The cells were incubated For |
hour in presence of ibe chemicals, Alguoois werg
collecied i difTerem intervals in ice cold waler w
berminate ihe renctsons and centrifuged ot 5000 x g for 3
min 1o collest the ool mds Cells wene woshed
horoughly o remove sl smess of pdhering chemicals
i atored w 0-4%C. A Flvl.H'l-ll'llI wid sl For crude
enryme preporetion swhile nredber portion was wsesl oo
Inirace|lisdor mstnbelie extrmtmn, | haitmharyvi o al,
2005

Hipsyrartheais af Trobalose drlng Incibiotton of v
celly with 0 mdl Addor amd AdoMe flong erm
ircehariony
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YPO grown cells from dinmde phase (A, =20 were
harvessed and the total cell mnss was divided imo thres
parts. OF the three pants, one part was re-suspended in
fresh WD medism in absence of Adox ond Adobet
iconiroly ond the ather 1wo parts were resuspended In
medium contuining cither 0.1 mM AdDx or AdoMet,
Those cells were harvessed ot different intervals of 4, &,
24, 48 hr, Aliguots collected were washed and stored 81 0
=4 °C for further studies. Trehalose meinbolic profile,
including intracellular trehaloss level and sctivities of
irchalose  mewsholic  cngymes  was  momwred,
Ineracellular AdoMet and AdoHey content were alis
mieassired by HPLC method. {Bhattpcharyya ct al, 20053,

Hesults
Stucty of Trehalose Metabolizm during differemn mages af

Lirgeith

The reaults indicate thor the imracellular trehalose
conierd was found maximum o 00 20 and al that
particulor growth stage the sctivity of the trehaloss
synihesizing enrymes. TPP and TPS were also highest.
The aclivity of the hydrolyzing enzyme AT was fouid o
be very bow nearly 330 times Sower than TPS activity
and WE was found to show the lowest activiey.
Concurrent with thix, the immcellular Glueose level was
lovw showing that rate of anabolism was much greater
than the catabolic activity, [Fig: 1]

Bionvthesis af Trehalose during incubanion of weast
cells with | mM AdOr amd AdoMer fihoer term
incuharionf

Trehalose: content increased during AdoMet reatment

|
Intracelllar | ¥
Trehalose | 7y
o mmale g1 wet |, |
ﬂiﬂﬂ LE
P85 | &
mUmg | ™ 5
e o -
£ & Ewer we sllud 2 141
——1 lacase
i umale/gm wet | ©
TFPP " werght 3
mUmg | a
. '
2 Intracellnlar |
B | Ghcosze & i B S
TR phosphate
o wnale’ gm wet |
AT - weight !
milimg | oa 8
b3 -
it AdoMet |«
—_— = microgmgm| »
:: ] wel H'H.ght P
NT s 'y
I:I:I'Ur'-g B A
- &
i L o]
1]

e *| AdoHcy 0
mlcrogm’ gm =
wet welght |

. % 88
A 5] -

Fig: | Trehalose metabalism during different growih siages im 5, cereviene
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Fig: 1 Effeci of shon term moshsiion ca trehalose comlenl of
yeast cells in 1 mi AdOx wnd Adobel remment. Yessi cells
A ~ 200 were suspended in MES-KDH bufler comainmg
ImM AdOx, Adablet or wmer snd incubated fee | b Level of
trehisdase of sliguols codlected m 0, 5, 10, 200 30 and &0 mir of
imcubalian was moniored Dt given ere the mean of o beast
iheee sets of experiments

from X mins cnwards. [Fig: 2]

{}E-F'n:rﬂmlirur.mdl.q:h 10 ming ansd then decreased
i Adobet trepted cella. Intraceilular Glusess fevel was
found v remaln lower throwghowl the period af
ircubation in Adobel treatmcnl than both Adox reated
and Controd sers. Intracellular Adobet and Adobloy
level was opposite to each other duzing the differem
wreatmerns, while Adobet conteni increased in Adehot
treated sels over Adow treatment and Control cells.
[Tahle: 1]

TPS content increased during AdoMet treatment over
Adow reated oclls, But both were lower than Control
stz TPP activity peaked during Adobdel reated sets
aver Adox frested cella, bt both showed lesser specific
activity than comral sas, [Table: 2]

Bropymihesls af Trehalose during incubation of peas!
celly with 00 mM Adox mad Adoder [Teng rerm
incibarion]

Intracelluler trehaloss level of Adox treated cells were
seen to be lower than Control throughout the peried of
incubation. Trehulose level initially decreased upio 4
heairs im all the sels. Thereafter the cells with Adobdet
treatment showed sharp morease in trehalese content,
Le., In & hours 3 fold. [n 24 hours neagdy 3 fold incresses
with respect to Adox treated and Comtrol sets. But s (he
point of 48 hours, cells reschsd stalionary phase and
trehalose level increased [Frespective of treatment. From
4 howr incubation onwards in both the symthesizng
eirymes TPS and TPP, specific sctivity was found bo
increase in Adobet reated cells over Adox treatod scta
and Control sets, AT and NT was found to show lower
activity in AdoMet trestmem ower Adow trestment,
Intracellules AdoMet coment [nereased |n Adobiel
ireated sets over Adox treatment and Control cells [Fig:
1] while inracellular AdaHey level was found B0 be just
oppdsite w Adokdet contend. [Tabkle 1)

Intracellulas Gluense and Gliscoss & phoaphate kevels
were higher in Adox (reatment over Adedet trostmest
througheut the period of incubsiion. [Table: 1)

Dinewwinn
During the growth of yeast, irchalose acournulation
begim al the dimamic shifl, continies Bl entering

wathomary phasc and degradation of irchabose atars onoc
cella have erered stationary phase | Wermer: Waskhume
et al 1993, In §. cerevislas, inchaloe i pynihenined by
a twe siep potoway that requires irchabose aynthase
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Table I Effect af short term incubstion on irehalpse boaynthesizing eneymes TPP, TPS, AT und NT contents of
veast cells im 1 A0y andd Adobdet treatment. Yenst cells ol Ay = 1 weere suspended in MES-KOH bulfer con.
taining Tmb AdOx, AdoMel or woler and incubwied for | h. Level of trebalnse of sligusts colleeted o1 1, 5. 10, 20,

and ) min of incubation was monitared. Datn given are the mean of ot least three sets of experiments. Ax=Ados,
A= Adohler, C=Contml
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Fig ¥ Effeqy of AdoMen and Ados on Trehabose metsbolsm during 43 hours sosbabon. YPD grown cells flom Aoy -3 were
harvested by centrifugnison mnd re-suspesded under ﬂ'lﬁlllﬂ i Feesh ¥ 1O mediues concpning O F mbd AdDn o AdoMet for 49 B
incubatn Ie cilher case a positive control (minus sdded chemicals) was mainimed. Afler different tme intervals, dliquats were
collecsed i weo-cohl waler 10 ferminale the reactions end cenrifigged in cobsd ol V0,000 = g o obinin cell pelbets. Changss in ssared
uehabase level and comesponding encyime stivitics of TIS, TPP, AT smd N1, s iirscellalar Adobles level off sligoots colleuied
ard, B 24 ad 48 b overe stadicd Dats given e S mcan of ol least theo seis of experimeiss

enzyme complex which consista of (i) wehalose-6-  phosphote  phospholase (TPP) subusl,  Trehalose-8-
phosphuie synthase (TF5) subunit AND (i) trehalose-6-  phosphate is formed from Glucose-G-phosphate |GEP)
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Table 3: ifect of Adohet and Adox on Trehalose metabolism during 48 hours lr-r.u!'uu o, Y1 prown cells rom
M 20 were harvested by centrifugntion and re-suspended under shak ing in fresh WD I'!H:-IJ:II.HI'I comitnknkig 0.1 kA
AdOr or Adobet for 48 b incobation. In eifler cose o posiive condrel fminus added chemicolsp wms malmiaimed. A fer
different time intervals, aliguots were oollected in se-cold waler 1o terminaic he reschicns and l.'r.'lnlrili.mud in coxled al

| 000 ~ ¢ b obtain cell peliets. Clanges in inmecllular ghicose, U-6-P and Adolcy levels of sliquots collecied ar 4,
8, 24 and 48 h were studied, Data given are the mean of ot least three sets of experiments. Ax=Adox, AM= doMet,

U= ool
Incubation time Imtracellular Intracellular Intracelular
{h} Glacase* N L . Adalloyvi
AX AR i AX AN i AN it | i

) D013 DO00166  DANT9e Lon? 3258 33 01452 06N DLaT2
4 Xk 34 DR i34 DAKIGT Iod5e 1574 515 L LE T 09T 038566
W L0019 0OoR2s 0DD3AS 19s7 0 93 LHS 00882 DOIB3ISY 0256
24 GO0FEFE 00025 002 4675 A4 1068 0011R n.2361 2052
43 LI K 00015 106513 1.01 1.778 0. 134K 01,0862 (1 Pt [

=amode gm et weiphl, #pempn wel weghl

and Uridine ' diphospheghicose (UIDPG) by TPS which
i5 then  dephosphoryisted o irchalese by TPF, The
enzvine reaponsible for treholose hydrolysis is irehalase
existing in two different forms; one i cyiosalic newiral
trehalase (NT) and the other ome & vacuwolar acid
irchalase {AT) (Cobib and Leborr, 1958) Smee the
ssithesis of tehalose is cotalyzed by the enzyme TPS
and TPP, level of trebalose in the cells is dependent on
the activity profile of the enzymes, Observation from ous
present study indicales on increase in TPS and TPP
sctivity from exponentiol phase of growth (s = 10) 6l
early disuic phose (Aee ~20), end decrense in TPS and
TPP  activity with entry imlo  statiomary phase,
correspanding 1o the increase in intracellulor frehalose
level throughaut the growih of the yeast cells.

The intracellular irehaloss level increased with Ume in
the veast cells incubated with AdoMet and decreased
when treated with Adox with respect 10 control
throughowt the period of incubation. Indtially, the
trehalose level decreased upto d bours in both the
treatments {AdoMet and Adox) and this may be due to
the fact of complete wilization of pre-symihesized
irehalose already prosent o the cell, Thereafter, the cells
incubated with AdoMet showed shorp increase in
trehabose content, As the cells had reached the sistionary
phase ot 48 hours, trehabose level showed an incrense

irregpective of the trestment.

Concurrend with this observation the 1wo trehalose
synthesizing enzymes, TPS and TPP activity were higher
during AdoMet treatment with respect io Ado indicating
the possible effect of Methylation on  trehalose
basynthesis. In case of the hydrolyzing enzymes, AT
and NT, the effect of Adobet was found lower than
Adox which supgests no prominent ¢ffect of met by Inkion
an the activity of the hydrolyzing enzymes. Intracellular
Cilucose level wod Jound very low due o this reduced
hydrolysis of trehalose, This could be aiiribuied to the
fact of glucose petting converted 1o GAP in the first step
of Glveslysis. Moreover, the variotion of TFS and TPP
activity and inracellulor trehalose contend i differen
wesiments has been supporied by the [ntracellular
AdoMie mnd  AdoHey contenls  which have been
determined by MPLC, This may be justified with the
mechanism of a methylation peaction of probeins in

which u protein is transformed intoe their methyl esters
where metbiyl group donor s Adobel. During ke
renction AdoMet gets converted to AdoHey ( Adenosing
Homocysteing), which by further hydralysis splits up
imo Adenosine and Homocwsteine residuees by the
enzyme AdoHoy Hydrolase, Adex plays a mle as an
indirect trans-methylation  mhibbor. [0 blocks  the
comversion of AdoHcy to its componenis and thus in
cells reated with Adax, the level of AdaHey increases,
This AdoHey is a competitive inhibitor of all Methyl
Transferascs. Thus the transfer of Bethyl proups from
AdoMet o Protein stops. Adox thus cawses indinect
irhibition of methylation. The gene encoding PIMT is
missing in 5 cereviriae, bul our fndings clearly indicate
an clevation in trehabose bivsynthesis by methylation
This leads us to conclude that there is possibility of
presence of 8 new engyme responsible for methylation
of efiber TPS or TPF or both in 5. cerevinioe,
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