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Purification and  Biochemical Characterization of  Cell Wall

from  Pericarp Tissues ofActinidia  tleliciosa

-bound  Trehalase

Xing-Jun Lit", Naoki  Nakagawa  and  Naoki  Sakurai"

Gradttate School  ofBiosphere Science,s, Hiroshima Linivens'ih. ,, Kdgam4Jama,Higashi-hiroshima 739-8521, Japan

A  trehalase (EC 3.2.1.28) was  purified from  the cell  walls  ofAetinidia  deliciosa fruit. The purified trehalase had
optimal  pH  of around  5, K)n  ofO.25  mM  and  Vmax  of5667pkat/mg  protein, and  was  relatiyely  heat stable.  The
enzyme  showed  highly specific  activity  to trehalose and  weak  activity  to maltose  and  maltotriose,  but did not
hydrolyze any  other  disaccharides. Trehalase  activity  was  unaffected  by Cai', Na', K', Li', Mn2', Co2', and  Mgi'
ionsandEDTA,butmarkedlyinhibitedbyHgi'andFe]'ions,iodoaceticacid,tris(hydroxymethyl)aminomethane

(Tris),p-chloromercuribenzoate(PCMB),glucoseandglucosamine.Thiscellwall-boundenzymeseemstodegrade
apoplastic  trehalose. Another  possibility is that this trehalase has additional  functions such  as defence against
msects.
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             Introduction

 The  sugar  content  offruits  is one  ofthe  most  important
factors in determining their quality and  in satisfying

consurner  preferences. Sucrose and  its metabolism  have
been well  studied,  due to its large quantity and  sweetness.

Recently, the nonreducing  disaccharide trehalose (ct-D-
glucopyranosyl-1,1-a-D-glucopyranoside) was  noticed

becauseofitsincreasingusageasastabilizerinanumber

of  fbods. The low cariogenicity  of  trehalose has also

been reported  (Neta et  al., 2000). Thus, it is possible
that an  increased amount  of  trehalose in fruit improves
its shelflife and  adds  fUnctionality, Trehalose is present
in a variety  of  microorganisms  and  insects (Crowe et

al., 1984; Strom and  Kaasen, 1993); however, most  plant
species  accumulate  very  small  amounts  of  trehalose,

possibly because aetive  trehalases rapidly  hydrolyze
synthesized  trehalose (Goddiji and  Smeekens,  1998).

Therefbre, the study  of  trehalase  is necessary  to explore

the mechanism  that determines the amount  of  trehalose

in fruits.

 Trehalase (oL-glucoside-1-glucohydrolase, EC  3.2.1.28)
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is a  hydrolytic enzyme  that cleaves  trehalose  into two

glucose moieties,  Trehalase activity  has been detected
in a  variety  of  plants (MUIIer et  al., 1995). In recent
years, trehalase has been  partially purified from  the root
nodules  of  Glycine max  (Aeschbacher et  al., 1999) and
Phaseolus vuigaris  (Garcia et  al., 2005); however, there
is no  recent  report  about  the purification of  trehalase

from other  plant organs  such  as  the  fruit ofhorticultural

crops.

 When  we  analyzed  the  cell  wall  of  kiwifruit berries
(Li et  al., 2006), we  observed  high trehalase  activity in
the cell  wall  fraction; therefbre, we  chose  this material
to purify wall-bound  trehalase. The  possible fimction ot'

cell  wall-bound  trehalase  during fruit development is
discussed,

          Materials and  Methods

Plant materiat

 Kiwifruits (Actinidia cleliciosa 
`Hay"'ard')

 were

harvested from three 17-year-old trees in the National
Institute of  Fruit Tree Science, NARO  Akitsu,

Hiroshima, Japan. Four finiits were  picked from  each

tree and  12 fruits with  a  similar  externa]  appearance,

respectively  sampled  on  August  15, September  8,
October 14, Octobcr 2e, and  November  4, 2005. Fruits

were  peeled and  the outer  pericarp tissues cut  into ca,

O.3 crnS  pieces, frozen in liquid nitrogen,  and  stored  at

-80eC. At  anthesis  (June 1, 2006), kiwifruit flower
organs  and  young  leaves were  collected  from  the same

trees.
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Analys is of'activin. , of t"ehalase  and  content  oftrehalose
  in kiwiji'uit iissues

  Kiwifruit tissues (ca. 1-2s, fresh weight)  were

homogenizedin40mMHepesbuffer(pH7.0)containing
20 mM  cysteine, 2 mM  ethylenediaminetetraacetic  aeid

(EDTA), 2mM  dithjothreitol (DTT), 10mM  sodium

tetratbLonate dehy,drate (NaTT), 100pM  Pefabloc SC

(Roche Diagnostics, Switzer]and), and  29() insoluble

polyvinylpolypyrrolidone (PVPP), Pefabloc SC js an

irreversible proteinase inhibitor with  broad specificity

fbr serine proteinases. The  homogenate was  Iiitered
through  a  sheet  of  nylon  mesh  with  40pm  pores,
centrifuged  at 12500xg  fbr 1Omin,  and  the supernatant

was  designated as the symplastic  fraction, For

preparation ofcell  wal1-bound  en4,me,  cel]  wa]1  residues

on  the nylon  mesh  were  washed  three times  with

deionized water  containing  5mM  NaTT  and  10pM
Pefabloc SC, and  then suspended  overnight  at 40C  in

20mM  sodium  acetate  buffer pH5.4  containing  5mM
NaTT,  2mM  DTT,  1 M  NaCl, and  1OLLM Pefabloc SC
to release  wall-bound  proteins. The  NaCl  extract  was

centrifuged  at 12500  ×  g tbr 20 min,  and  the supematant

fraction used  as the crude  wall-bound  enzyme.  The

trehalase assay  was  performed in 1 OO mM  sodium  acetate

bul'fer (pH5.0), 10mM  a,or-trehalose  in a  total volume

of  150 pL. After incubation for 1 h at 370C the reaction
was  terminated  by boiling fbr 3min.  Glucose was

determined using  a glucose determination kit (GAGO-
20, SIGMA,  MO,  USA). One unit oftrehalase  is de fined

as  the activity  of  enzymc  that catalyses  the  hydrolysis

oftrehalose  under  assay  conditions  giving rise  to 1 nmol

of  glucose per second.  Protein content  was  determined
by Bio-Rad  protein assay  kit II (500-OO02JA, Bio-Rad,

CA, USA)  using  bovine serum  albumin  as the standard.

  Contents of  trehalose  in kiwifi'uit tissues ofthe  pistil,
stamen,  petal, leag and  fruit were  identified ",ith  high

perfbrmance anion  exchange  chromatography  with

pulsed amperometric  detection (HPAE-PAD) systems

(Dionex, SunnyvaLe, CA, USA), as  described by

Timotiwu  and  Sakurai (2002). Plant tissues were  ground
in liquid N2, and  then  suspended  in 80%  methano]

containing  19'6 insoluble PVPP.  Sol"blc carbohydrates

were  extracted  at  700C  for 30min  fbllowed by
ccntrifugation  at  13000rpm  fbr 10min.  The extraction

was  repeated  once.  The  supernatants  were  collected  and

dried to remove  methanol.  The concentrated  carbohy-

drates were  dissolvcd in deionizedwater, passed through

a syringe  filter fitted with  a O.45pm  HT  Tuffryn

membrane  (Patl Gelman  Laboratory, NY,  USA),  and

thell irijeeted into Dionex  (DX-500, Dionex) HPLC

systems  to quantify trehalose eontent.  CarboPac t column
was  eluted  with  O.16M  NaOH  at  a  fiow rate  of  O.8 ml/

min.

Purijication (ijCwaU-hoitnd  ts'ehalase

  Cell watl-bound  trehalase  was  purified aceording  to

the procedures of  Kotake  et  aL. (1997) and  Takeda et  al.

(2003) with  some  modifications.  Pericarp tissues (ca,
200g fresh ",eight)  of  kiwiftuit berries sampled  on

October 20 were  used  to prepare cell  wall-bound

proteins. The NaCl-extracted fraction was  precipitated
by 20 to 80%  ammonium  sulfate, and  then  dialyzed

against  1 O mM  sodium  acetate buffer (pH 5.4) with  2 mM

NaTT.  For cation-exchange  chromatography  on  CM

sepharose  CL-6B,  the column  (5.5 ×  1.8 cm,  Amersham
Bioscience, NJ, USA)  was  eluted  with  a  ]inear gradient
of  O to O,5M  NaCI  in 20mM  sodium  acetate  buffer

(pH 5.4) containing  2mM  NaTT.  The  combined  active

fractions (no. 28-41) were  concentrated  at  1OOO  × gwith
Centricut UlO (Kurabo Co., Osaka, Japan) and  appLied

toaButyl-toyopearlcolunin(5.5x1.8cm,650-M,Tosoh,

Tokyo,  Japan). The column  was  eluted with  a linear

gradient of30%  to O%  (NH4)2S04 in 20mM  sodium

acetate  buffer (pH 5.4). The  active fractions (no, 21-27)
were  dialyzed against  10mM  sodium  aeetate  buffer

(PH5.4) with  2mM  NaTT,  and  then  applied  te a  Mono

SJIR  515 column  (Pharmacia, Sweden) of  an  HPLC

system(LC-1OAS,Shimadzu,Japan),elutedwithalinear

gradient of  O to O,5 M  NaCl  in 20mM  sodium  acetate

butTer<pH 5,4), SDS-polyacrylamide gel e]ectrophoresis

(SDS-PAGE) was  performed according  to Laemmli

(1970). The  concentration  of  resolving  gel was  12.5e/e.

The  prestained protein marker  (P7708S, New  EngLand
Biolabs, USA)  was  used  as  the molecular  weight

standard,  To  confirm  trehalase activity  during purifica-
tion, protein separatcd  on  a  native-PAGE  gel was

electroblotted  to a  nitrocellulose  mernbrane  in Tris-

Glycine buffer containing  5%  methanol,  and  stained  with

amidoblack(KatayamaChemical,Japan).Thebandwas

cut  and  placed in 1OmM  trehalose  solution  containing

O.5% NaN3.  After incubation at  370C  for 15 h, trehalase

activity was  detected using  a glucose determination kit

(GAGO-20).

Characterizaiion op?urijied kiwijiuit cell }vaU  trehalase

 The  molecular  mass  ofnative  enzyme  was  estirnated

by ge] filtration on  a  3.2 ×  300mm  Supcrdex  200  PC

3.2130 column  (Amersham Bioscience), with  a  fiow rate
oi'40  pl min'i  in 50 mM  sodium  phosphate bu  ffer (pH 7)
containjng  O.15M NaCl. A  calibration curve  was  made

using  a  calibration  kit fbr molecular  mass  deterniination

(18-300KDa, Boehringer Manheim, Germany). To
study  substrate  specificity,  enzyme  optimum  pH, pH
stability,  thermostability,  and  inhibition by reagents.  the

reaction  mixture  remained  the saine  as  above  except  fbr
the bufiers and  temperature of  the enzymatic  reaction.

Substrate specificity  ofkiwifruit  trehalase  was  examined

by  measuring  the reaction  rate  of  15 U puri fied trehalase
with  1.0%  of  various  glucosides (trehalose, sucrose,

isomaltose, ma]tose,  maltotriose,  maltotetraose,  malto-

pcntaose, maltohexaose,  maltoheptaose,  cellobiose,

laminaribiose, laminarin, gentiobiose. pu]lulan) i'or 1 h

at 370C. Activity toward  each  substrate  was  replicated

three  times  and  expressed  as a relative percentage of  the
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activity  to trehalose  reaction. Trehalose and  cellobiose

were  obtained  ftom Katayama  Chemical  (Japan).
Laminarin (from Laminaria digitata>, maltotetraose,

maltohexaose,  maltoheptaose,  and  methy]  D-a-glucose

were  from  SIGMA,  pullulan from Nakalai Tesque Inc.
(Kyoto, japan), and  isomaltose and  laminaribiose from
Seikagaku Corporation, Japan.

  The effect of  pH on  trehalase activjty  was  assayed

using  1OOmM  citratelNa2HP04  buffer pH  from 2,5 to
8, Trehalase pH  stability  was  assayed  after preincubating
the enzyme  in various  pH  ofcitratelNa2HP04  buffer fbr
20h at  40C, then  the substrate  was  added  and  enzymc

activity  measured.  To test therniostabi]ity, the enzyme

was  preincubated without  trehalose in 100mM  sodium

acetate  buffer (pH5.0) at yarious  temperattrres (28, 37,
45, 60, and  77eC) for 3O min,  and  thcn  the substrate  was

added  and  the enzyme  activity measured.  The inhibition

of  trehalase by various  reagents  was  assayed  after

incubating the enzyine  fbr 30min with  the fbllowing
substances:  EDTA,  NaCl, KCI, LiC], MgC12, MnC12,
CaC12, CoC12, ZnS04,  NH4Cl,  HgC12, AIC13, FeC13,
iodoacetic acid, tris(hydroxymethyl)aminomethane

(Tris), p-chloromercuribenzoate (PCMB), N-ethyl
maleimide  (NEM), glucose, methyl-a-glucose,  methy]-

a-mannose,  p-nitrophenyl-a-glucose, glucosamine, IVL

acetyl-glucosamine,  sucrose,  and  fructose, The  results

are  expressed  as  the relative  percentage of  activity  to

the control  reaction  without  effectors.

           Results and  Discussion

T7ze activity  of trehaJas'e and  eontent  of trehalose  in

  kiwf'fruit.fZower and.fi'uit

  The  activity  of  trehalase  was  identified in the petals
and  stamen  of  male  and  female flowers, female pisti]
and  young  leaves at anthesis  (Fig.1A). In the petals of
maleandfema]efiowers,thespecificactivityoftrehalasc

in the symplastic  fraction was  higher than in the wall-

bound  fi'action. The total activity  of  trehalase in female

petals was  higher than in male  petals. No  activity  was

obse-'ed  in the  wa]]-bound  fraction of  female stamen.
Tota] trehalase activity  in female stamen  was  much  lower
than in male  stamen  which  exhibited  no  difference in
activity  of  the symplastic  and  wall-bound  fractions. In

contrast  to the activity in female starnen,  higher activity
of  trehalase was  observed  in pistil, especial]y  in the wall-
bound fraction. By  contrast,  trehalase  activity  in young
leaves was  too  low to  be detected.

  Developing  kiwifruit berries showed  high trehalase
activity  from  fruit enlargement  until  maturity  (Fig. 1B).
Wa]1-bound  trehalase  from ce]I wall  residues  of  fruits
showed  1,3-7 times higher activity than that from the
symplastic  fi'action. Trehalase activity decreased at

harvest time; thus, we  used  fruits sampled  on  October

20 to purify wall-bound  trehalase, The  content  of

trehalose in kiwifruit tissues was  very  low  (<50FLg･g'i
FW),  especially  in pistil tissue (Table 1), Fema]e  stamen

had a  higher content  of  trehalose  than maie  stamen;

however, thcre -'as  no  significant  difference in trehalose
content  between  male  and  female leaves or between male
and  female petals.

Purtfication of'ceU }vall-bound  trehatase

  The purification of  the cell  wall-bound  fbrm of

trehalase from pericarp tissues of  kiwifruit is shown  in

Table2. The  enzyme  was  released  with  1 M  NaCl  from

cell  wall  residues  and  concentrated  by 20-80%
ammonium-sulfate  precipitation, achieving  a recovery

of  31%  and  a  purification factor of  2.3. Its activity

persisted for five months  in thc  ammonium  sulfate-

precipitated fraction at 40C. To  desalt, fractions
containing  protein were  dialyzed against  20  mM  sodium

acetate  buffer (pHS.4) overnight  or  concentrated  by
u]trafiltration.  These methods  recovered  more  activity

than  those passing through  a  PD-10  (Amersham

so
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Fig, 1, Tr¢ halase activity  in the  symplastie  and  vL'all-bound  fractioll of  ilower and  fruit tissues ofA.  deiiciosa. A, fio"･er and  youllg leaftissues,

   B, bcrTts pericurp tissues during development. M,  male;  F, female; ts'D, not  detected. Vertical bars indicate SD  {n =3),



The Japanese Society for Horticultural Science

NII-Electronic Library Service

The  JapaneseSociety  for  Horticultural  Science

232 X-J, Li, N, Nakagawa  alld N.Sakurai

Bioscience) column.  The  second  step  in cation-exchange
chromatography  on  CM  Sepharose (Fig.2A) of  the

ammonjum-sulfate  precipitated extract  resulted  in four-
fbld purification and  a yield of20%.  Positive]y charged

proteinwithtrehalaseactivitywascollectedintheelution
of  O,25 to O.35M  NaCl fractions. In the  third step  of

Buty1-Toyopearl column  chromatography  (Fig. 2B), the

collected  protein having treha]ase activity was  hydro-

phobic. In the final step of  Mono  S co]umn

chromatography  (Fig, 2C), more  than  halfofthe activity
retained  on  the  column.  We  extracted  trehalase t'rom the
cell wall  fraction using  1 M  NaCl  as  a  solubilizer,

suggesting  that this enzyme  ionically binds to acidic  cell

wall  polysaccharides. This is consistent  with  binding of

the enzyme  to the Mono  S cation  exchange  column.  It

appeared  that the first peak of  activity (flowthrough
fraction) was  due to incomplete binding of  thc enzyme;

thus, this activity  was  not  further analyzed.  After

purification, 57 pg of  trehatase  was  obtained  ftom the
cell walls  of  200 g fW of  kiwifruit pericarp tissues with

activity  enriched  about  24-fbld.

Adolecular mass  determination

  Sarnples from eachpurification  step (lane 2 to 5: 6 pg,
lane 6: 3.5 pg) were  applied  to SDS-PAGE  (Fig. 3). With

progressive purification, the band at  ca.  26 kDa became

prominent. In the step  of  final purification, the density

of  the single band at 26 kDa  was  relatiyely weak.  This

may  have been due to the weak  stainability ofthe  protein
with  silver.  Some  modificatlon  of  the  protein, such  as

Table 1. Content oftrehalose  in tissues efA.  deiiciosa plar!t,
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TissuesFlovv'crsi

 M'ale stamen

 Female stamell
 Pistil

 Male  petal

 Female  petal
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 Male leaves

 Female  leaves

Fruitz

11.1± 3.6i･

3S.4± 13.g

  NDx

 9.3± 6.62e,3

± 6.3

16.0± 5.117,5

± 2.8le.9

± 6.4

X
 FIowers and  young leaves were  sampled  on  May  31, und  fruits were

 sainpled  on  September 28, 2006.
Y  Values shown  are  the iiieans ± SD  (n=3).
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 ND, net  detected.
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Fig. 2. Purification of  A. deliciosa celt  vva]1-bou"d  trehalase. A, CM

    Sepharose CL-6B co]umn,  e]uted  with  a  gradiellt of  O-O.5M

    NaCl  solution  in 20mM  sodium  accLate  buffer (pH5,4),
    collecting 3mL  per t'raction. Fractions 28-41 were  used  for

    further purification. B, Butyl toyopear1  column,  eluted  with  a

    gradient of3O-O%  ammonium  sulfatc in 20mM  tiodiurn acetate

    buffer {pHS.4), collecting  3mL  per fraction. Fractions 21-27

    were  used  for further purification. C, Mono  S HR  column,  eluted

    with  a  gradient of  O-O.5]v{ NaCl  solution  in 20mM  sodium

    aeetate  buffer (pH 5.4), collecting  1 inL  per fi'action.

Table 2.Purification of  wall-bound  trehalase  from A.deliciosa fruit.

Puritication step
Total Protein

  (mg)
Total activ{ty

  (nkat)
147,22

 19.88

 7.03

 1,30

 O.06

Specific activity

(likatimg protein)

1. NaCl-extract

2, Ammonium  sulfate
3. CM  Sepharose

4. Butyl-Toyopearl

5, Mono  S HR  515

Yield(%) Fold purified

320.90

 99.18

 64,90

 30.31

 2.98

 2.18

 4.99

 9.2323.335L88

1OO30.912022

 9,40

 O,93

 1.0

 2.34210,723.8
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glycosylation, may  explain  this result.  The  molecular

mass  of  native  enzyme  was  estimated  to be 36 kDa by
gel filtration on  Superdex 200. The molecu]ar  mass  of

our  enzyme  was  slightly  lower than those ofP.  vuigaris

(45 kDa) and  G. max  (54 kDa).

Etrect ofpH and  thermostabitity

  Trehalase from kiwifruit cell  walls  showed  a  broad

pH  optimum,  ranging  ftom ca.  5 to 6 in citrateAXIa2HP04

buffer (Fig. 4). The  enzyme  was  stable  from pH4  to 8.
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  The optimum  temperature was  determined by comparing

  hydrolysis rates  of  trehalose at  28-770C  in 100mM
  sodium  acetate  buffer pH5.0  (Fig.5). When  heated at

  various  temperatures fbr 30 min,  the enzyme  was  stable

  up  to 450C; however, it tost 1O%  of  its activity at 60eC,

  and  lost almost  90[va ofits activity at 770C. These results

  suggest  that the enzyme  was  relatively  thermostable.

  Sl(bstrate ,spectficity and  kinetic parameters

    Purified trehalase is highly substrate  specific

  (Table3).Iteffectivelyhydrolyzedtrehalose,butweakly

25

r; 2o-o9noofi

 15kljU

 los.g9B5

o

      20 30 40 50 60 70 80

                     Temperature  (OC)

Fig. 5. Thermostabi1ity ofA.  doliciosa cell waLl-bound  trehalase. The

    enzyme  was  kept in ]OOmM  sodium  aeetate  buffer (pH5) ai
     various  temperatures  tbr 30min, and  then the substrate was

    added  and  activity measured.  Values are the  average  of  two

    different expcriments.

Table
 
3.
 
Substrate

 
specificity

 
ofpuri.fi.ed

 
trehalase.

Carbohydrates

             3456789  10

                           pH

Fig, 4, pH  optima  and  stability of  purified A, deliciosa ccll wall-

    bound trehalase. The  enzyme  was  reacted  with  trchalose in

    citratetNa2HP04  buffer ef  various  pH, Values are the average

    of  two  different experiments.

LinkageRelative
 rate  of

hydrolysis (%)
TrehatoseMaltoseIsomalLose

Maltotriose

Maltotetraose

Maltepentaose

Ma]tohexaose

Maltoheptaose

PuT]ulanSucroseCurdlanGentiobiose

Ce]lebioseJ.aminarin

 (Laminaria digitata)

Laminaribiose

  ct-1,1

  a-1,4

  a-1,6

  cr-1,4

  tt-l,4

  cr-1,4

  u-1.4

  a-1,4ct-1,4;

 a-1,6

  a-1,2

   B-1,3
   P-1,6
   5-1,4
   S-1.3
   B-1,3

  10013.7

 t, 4.S

   o
 8,Otl.8

   e

   e
   o

   o

   o

   o

   o

   o

   o

   o

   e

Valuesshown  are the means ± SD  (n=4).
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hydrolyzed maltose  and  inaltotriose.  The  enzyme  did
not  split  other  ma]to-oligosaccharides,  laminarin,

pullulan, and  disaccharides such  as  sucrose,  cellubiose,

]aminaribiose, and  gentiobiose, These results  indicate

that the trehalase showed  a strong  preference fbr
trebalose. The substrate  specificity of  this tr¢ halase is
different from that ofP.  vuigaris  nodule  trehalase  that

showsmaximalactivitywithsucroseandmaltosebesides

trehalose (Garcia, et al,, 2005). The G  max  nodule

trehaLase has specificity fbr trehalose  and  maltose

(MU]ler, et  al.. 1992).

  It was  established  that the value  of  Michaelis constant

Kin  for trehalose  was  O.25 mM  at 37eC in sodium  acetate

buffer (pH5.0), with  the maximum  veloeity  Vmax  of

5667pkatimg protein. The  catalytic  properties of

A. cleliciosa  wall-bound  trehalase, such  as  the broad pH
optimum,  low Km  and  heat stability,  resemble  those  of

Lilium pollen (Gussin and  Cormack, 1970) and

Phaseolus nodule  (Garcia et  al., 2005) enzymes,  both

ofwhich  are ofplant  origin.

Table 4, Infiuence ofvarlous  effectors  and  inhibitors on  the en7yme

      actis,itv  of  cell  wall-bound  trehalase  ofA.  deliciosa.

Rcagents  -
Concentration

  (rnM)Relative
 pcrcent

of  ac.ti.ititY (%)

Et7bcts of'inhibitoJs
  Effectsofvarioussubstancesasactivatorsorinhibitors

on  trehatase  activity  were  assayed  (Table 4), Metal ions,
Na', KT, Li', Mn2L, Co2', Ca?', Mg!", Zn2', NH4', and

EDTA,  had no  efi'ect, but Al:" slightly  and  Fe3' markedly

reduced  the  activity,  whereas  Tris strongly  inactjvated
the activity.  SH-blocking reagents,  such  as  PCMB,

iodoacetic acid,  and  HgC12, almost  completely  in-
activated  the activity,  and  NEM  at  1mM  modestly

reduced  the  activity.  Glucose and  glueosamine strongly

reduced  the  activity  ofkjwifruit  wa]1-bound  trehalase,

but p-nitrophenyl-a-glucose, methyl-a-D-glucose,

mcthyl-a-D-mannose,  fructose, and  sucrose  had almost

no  effect  on  enzyme  activity.

Possibte role of trehalose  in A, doticiosa .fruit

  What is the role oftrehalase  in the fi/uit ofA,  deliciosa?
The  high activity of  apoplastic  trehalase in A. deiiciosa
fruit may  keep the apoplastic  trehalose concentration

low; howcver, we  have not  examined  ",hether  trehalose

js actively  transported into tbe apoplast  fraction in the
fruit of  A. deli['iosa, Further studies  of  the overall

metabolism  (synthesis and  degradation) of  trehalose  in
this fruit are  needed.  Such  studies  will  be helpfu1 to
modify  the trehalose  content  ofthis  fruit.

  Alternativety, it is possible that our  trehalase  has
another  simultaneous  fUnction, such  as  defense against

insects. Plant storage  tissues often contain  anti-insect

proteins. For example,  it is well  known that the a-

amylase  inhibitor in plant seeds  hinders the digestion of

starch by insects (Moreno et al., 1990). In P. vuigaris,
Daylcr et  al. <2005) have identified a novel  a-amylase

inhibitor that shows  simultaneous  ehitinase  activity. It
is possible that our  trehalase shows  additional  functions,
such  as thc inhibition of  digestive enzymes  within  the

body of  insects when  fruits are damaged by feeding,

NoneEDTANa"K+Li･,Mgl+Mn2'/Ca2'Co2+Zn2-NH4'Hg2+Atl,Fe]'Tri･sIedoacetic

 acid
PCMBNEMGIacoseMethyT-a-gTueose

Methyl-ct-mannose

p-Nitrophenyl-a-g]ueose

Gtucosamine
N-acety]-glucosamine

SucroscFrLictose

1010101010le10101010]o101010102.51.e

 s10101010101010

Values shown  are the meanstSD  (n=3).

  100.096.6

± 4.599,S

± 6.897.1
± 5.5982

± 4.994.6

± 6.699,816.1

102,4± 6.898.6

± 5.994.ll4.593.0

± 6,429.0t7.679.517,U

 6.4± 4.330,5.4,5

 1O.S ±･ 4.5
   oS2.6!O,3

   o93.9

± 2.7902tl,5S6.5

± 2.5

   o81.7
± O.891.4

± 2292.7tS5

Trehaiose is known  as  the main  hemolymph sugar  in

insects. Thus, it is also  possible that trehalase  activjty

influences insects direct]y upon  feeding. Examination  ot'

the etlect of  our  treha]ase  on  the gro",th of  insects is
needed.
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