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Accumulation of  Proteins and  the Polypeptide Composition

       of  the Glutelin in Ancient, Cultivars of  Rice Seed

rhmko  UI)AKA, Kpnji T.xK[ Mi, Hideaki Ts-l' and  
rl-adashi

 O(;,"v,Ni

    Fftcult.v qt'Edtit'ation, Ehiine Unii'ersit.v, Mat,su.N'ama 790, Jcu)an

  
'Schootoj'Medi('ine,

 ft)kushinia Clnit'ersits, ft)ku.shiina 770, Japan

  Ttw ac'ctttnLllaticm  of  storage  proreins  ]ri am'ivtit  ric'e cultlvars  during  se{:d  deve]opm+'nt aMd  tlLf.,

po]M)f)pti(ie ('oJnpositien  ef  tlw glutelins were  stut[iEbd  b,v Sl)S-I'AGE and  ["'(h-dimc･nsknm]

{Llec'tropheresis  for c'onu}aris{m  svith nkc)ct(,r"  ri('e ('ultivars.  XVith th(i gfnieral patler!- (bf pri)lc,i]i

a('c'ltmulaliofi.  :unussive  depositioM of  tsvo g]ut('lilTs and  "rui  pr-tamiri  pe]FpepTide "itti  respE,{'uvc,  MW's
i'pt' 21, 32 and  15 kDa  oc('urrcLd  about  7 to 10 days ufTc'r flo"'eritig ([}AF) aTid  steadiLv  jn{'reas('d unlil

r{Luf･tting at a  p]al,eau at nbout  15 to 1}t'} DAF.  In at"-u'ic,nT  f'iJ]rivar, hc}u'fiver, ttie poi,Nvc'ptidv (i{'1,osilien

-ns  (tifferenr,  a sharp  incrempnl in dw  proteins  b(igitnLirig at 7 I),'XI: atul  reachitiR  a iTiaxTnmm  at LtO

DAF.  hpfore rapidl.v  decreasi]ig. The  nmxiTnimi  anu,Lmt  ot'  d('positc,d prc}teiTis nt 2i) I).･NF u'ns  nf'arLv

l,"riee that for tlte general ac'{'urnulatioTi  palterTi "iTh  motiern  and  olhc,r  ancieTLt  n['e  c'iilTivnrs.  Th('

glutelln proT,ein "es  t'nund to bp  s('lectively  extra{･tahie  "rilh  SDS  solutjon  niore  than  -ith  other

cetu'untional  suiveitts  including aci<li(', t)asic' ar-d  ur(hu  sotiiti{)ns.  Seme  an('ient  t)tac'k riee  R]ute[ins
shared  a  po])peptide with MXX･' of  19 kl)a "'lu('h  uHs  al]senr  i]r  hmidly (if.'tE'ctuble in tlw ot,hc･r glutelins,
suggestitig  the  19 kDu  pe[yl)eptide  te ht', aiT inhc･r{'itt protcsm spe{/ies  of  thesfli anc'iE'nt  h]nc'k

('nltivars.  T"'o-dimensional e]e('trt)phtn'esis  o[' lht: atic'if,Tit ghlt(,]itis r{Tv('a]ed two  ricp  glutetiTi sitbnnits.

( ft arui,J  }, but the  19 kl/}a pel.vpeptidEi reiuai]ic'd  unidf]Titified,

                                                        (Rc,{'eivpd ,Ianuary  S. 1996)

Ke}words:  ric'E,. anc'if'nt  cultivar,  modc,rri  c'Liltivar.  sef]d  protein,  g]utelin, l)"Ln){LptidE' {'"mposi[i"n,

               INTRODUCTION

  Anc'i(Ltlt rice  c/Liltivars  (Or.y tt satii,a  I.,) al'c' ver>'

LIIIpol't:LIIt ill lerJlls of  geTle pr{iseTrL,atiotl. becllusLi

rhcby have  n{}1  been  subjeuted  to any  geiiel,ic iJn-

provement  or  rfhform.  Nevei'theless, the}, have  rf]-

c'eived  less att,enlien  for studies  on  thf, physieocl}eni-
ical and  biocherTiical properties ef  the seed  pr{}Teins
t,haii maJ-'  othchr  ce.reals  and  medprn  ric'e c'ullivars,

  tJ/nlike lhe  case  of  many  cereal  grains, thf' Tnajor

st,oragp  prereins of  ricE,  seeds  are  glutelills, -･hi{'h

ac('o"tit  for ubuut  809b "f  the  total seed  proteiTis. 
i
 

'

It has been  establishecl  tliat rice  glutc,"ns begin to

accuniulate  iri the  star('hy  e. ndosperm  at  5-7 days  
'

after  fiewering during sc'ed deL'elupment, before
exc･lusiv{, dep{}sitioTi iTi the  pret,{'in bod.y. ' Li et  aL  

i

have recentl.v  denionstrated that rice  storage  proteins

eomprising  prolamin  a]id  glutelin "ere  first deteeted
in 10-day-old see.ds  and  that thf)ir amounts  stendilv

inc/reased through  seed  deyeloprneut -tith  variation  in
the relative  proportions  of  glurelin and  proltuTiiri.

  On  the other  hand, ck-spite  their  pote"tially

   important, role  in generic's. the biophysic'al aspect,s

    f{}r ntlc'ipilt, t'k･c, cultivars  of  sterag{?  prot(hill a(･(･11Tllll-

   lation during  seect  deyelolmwnl,  liave reniaiiied

   utl{/ertalll.

     In this stud)', we  deseribe  some  differ{hnc'{hs and

   similarities  in lhe  protein acc'umulalioii  prufiles
   between aTieieiit  aMd  modern  rice  ('ultivars.  tc)geth(,r

   "ith  the glutelin polypept,i(ie ccnnposition,  uhich  were

   deterniined bv  SDS-PAGE  an{l  :P-dirnerisional  eleclro-

   pheresis. The  pxt,raeti(,n  effieier){'y  for ric'e  glulelin of

   cunventional  solvents  is alse  dis{/ussed.

             MATERIALS  AND  METHODS

     PIantmaterials

     ,ALII  the ric/e cultivars  used  in lhis sludv  "'er{s  Taken                                     d

   fr{)m the  collection  at I.T"u Rice rvluseum (I'xsR-c'ho,
   I']himfi 797, Japan)  and  are  suituttarizeci  in Tabl(' 1

   Ea(.･h cultivar  "us  gro"ii during lhe  suiniTter  (fruin

   the tnidd]e  of  ,Junp t,o the  en(i  of  Octob"r  in 1994) in

   p()ts iri a  garfleii at  l.ahorator.y nf  F"od  Scieric･e itl

   Faculty of  Educat,ion at  Ehii"e Universily (tsIatsu-
   .vama. Ehim(i  T9{}. ,lapan). rl'he

 iT]dividual patiic]es
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rrablfL
 1Ri(･{･

      J.

('i]ltivurs

ilt,ttte ft'c'r,n. Jt,ir,

          
C]assifi(:lti9]i

 . .tt ttttt

 iX]wii･tlt  ll"ll-g]ILtlll-Lls  JHT)DIIiT'El

Aru  T[,nl g]ttUizeus Jal)oTii['n

()lh(.1- 11TLc･it,ILt Jlll)olti[･ll

M"dc,rn  tien-g]uti1io-iH  Jal,atii('iL

]v["{k･vn gh:linc}us JapvMi('u

Modf,tlL leng-grniri whi[E･  ri('e

  .,XU <'u[1]vars  "'t'rf'  suT)]]li{'d  bv

  (ITu"a-c･ht ,, Ehinle 797. Japait )' .

"'vr(]  raggfid  ;Lt rnict-paniclv  when

Matnralit)Ei iTi ttw Iustecl uultivurs

da,vs afrer  flbweriTig (DAFI.
develeping  pani('les xv{sre  harvestE,d

inl,e]'vals during  llw  peri[)d "f  1

Thv  harvc･stE'd pntik'lf's "vrc,  immc'diatc,]v
-2{)'C

 imtil  nc)eded.

  Assay  for protein  accumulation

  Ric'e sE'e(is  l'i'orri (i;u'h  sanipling

hand  aTid gr"und  witli  a  hnnd  Rrinder
tlc}{ii' sample  "ns  suspc,nd(]d  ill

a ('oncentratioTi  of  (111 mg1700  rtl
c'c.}inposc'd  ef  equal  volumes  of 2

HCI  t)uffer (pH 8,3) aTid 1,h(i sairip)e

Laeitunll. Th{, pr,}t(･in saTupkT

dissolv(ui b.v bi)iltng f[n' ]5 ["in

The  resLiltiTig  ('kiar supernaraMt

SDS-PAGE  as  described laler, Th{s

pol.N:Fx'ptides ill lhp  sivnple  prok'ln

rlw  incithod  of  Yamagata et ttl.,

heights by dpngir{imetrie s('aiuiing

rl'ophol'egrtull "Iil'e  evalilatect  })v

flsririg-spot s(:amier  Cmodpl C'S-9(}{)O.

Tokyo,Japan).
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 ..'71si).shittttt.rrftirtii

 1'ttktir{mtiistt

 Bvniiitr.vukct

 K'ttJritstiktt.s'a-t'htitikttnn

 Kttitit.vtikttsa-shirf)

 Krtrt)-ntt)('hi

 Akit(i.ktfl-,)

 Mttrttsaki-A'ttrt,

 Kurt)-1

 KurtJ-2

 Kure-liL)

 Kttt'v-7il

 nfitlf,rim(ti

 KatJri-f'igf)tf

 Kat)t'i-mo('hi

 Kt,shihikari

 7'"kttsa,ut)-ni"('ki

 BltiehtJniTt't

 IVirsin'(Jtt

              tttttt tt--t  tttttttt t t

  l["a Ric･(･ Musentn

   uiith(]sis  v[-('uvi'(id.

   o('['uvred  at',oul  4tt)

Ai'ter t'lo",(,T'iTlg, lilci

      at  tll)p]'ol)I'iatc]

S t{) 4r) DAF  {Fig. 1.).
            fT'OZE,Il Elt

  dat{' wc]r{i  hulled by

      , P]a('h resu]tirig

ati F:ppelldorf lube  al

  KN,ith mix(id  soll]lioTl

t'o
 SI)S in E5 mv  Tris!

      butTer ( ×  2) "t'

   iri the tube  i･vas

atid  then  centrifuged,

    ivas  anulyzc,d  t}.v
   relative  timou]ils  {}t'

   wt･re  t･vuluuted  bv
i
 in "'hic'Ii  the peiak
        of  the  ele('-

 . a  dual-m'ax'elength

     Shimadz" (lorp..

/

V,,j .l7 Ni,,8 1!}[HS.

     Preparatien of  the alcohol-insoluble  protein

     residue

     I{ic'(, scLclids {}f Akitakwna('hi f'.v. ",(]rE' hLilled arid

   gr{,und in iL grinder  lo pass lhr(mgh  a 60-mf,sli

   sif,vc,. Th{･ tlenr s:ntu]les  w(]rt･  dE'l'altc]<i by  sTivring

   witlL  twt) volulnes  c)f acet"ne  fer /tO  tuill aT rc)om

   tc'mptii'utuiih 3 timvs  a]id  l}u,ii clri(sd  i]i air.  h(s['"r(,

   hcxing sture,d  nl, 4U,  Each  defnllc,d tlotir saiup]e'  "iis

   sct;uimt,iall.v  exl,rac'tect  1"icc- vvilh  (),fl "i Na(]1 in 1{) mM

   Tvis/}i('H,nfi'c]r (pH 7.t')) anfl  11u'n "'itlvr}C)Obprel}anol

   it] th{, samc]  Tris bufll'r b.v stirrinsl  for Lt h at ro{}m

   1('mp{'rali]T'c' ns  des['ribed previeusly.' 
'rhe

 resutting

   a]('"hoHns()luble  resiclue  -"as  xvasht]d  txsti('E' with  (･"ld

   af'c,tvne  anct fitiallv dvivd in air.

     Assay  for the  extraction  efficieney  of  various

     solvents  for gludelin
     Iii ot'dc'r  t{] ]ook t'er' a tnorv  snitnbl{'  solvE,111  lhnn

   tht･ {･enveMt,iotml  on(,s  for ri{'e  gluk'lin (sxrvaction,  llw

   al('ohol-illsuLublci i'Eisiduc] jusT ot]tairicjd  svas  sc'parately

   tixlra('tt,d  with  vari{,us  s"Lv{hnts  c'{)mprising  o[' 1-5 xT

   tircia, ii.5-2"･{] SI)S and  iuixlurei "f  4 M urea  und  L)[?h

   SI)S ill 10 ]nxi Trls!II(1 buffer (pH 8.5). mixtur{･  of  4 v

   lir{ia and  2Cie SDS  iTi 62･).5 mNt  Tris!!IC･1 huf['pr (pH
   6.8), d),05  iT ;u'etk'  ac'id. O.LL().4''b NaOH.  unfl  (1,1"b

   KOI-{. Thi, a[('f)hel-insolublfi  rvsSduf.･ xxrras sitsp(･ndc-d  in

   ea['h  s"lve"I  (1 g/'LL)O ]u])  aiLd  stirr{ic]  for L) h al  3()'C ,

   1"h(, r{uwTi(m  iliixlurE, ""us  wilh  (lrawn  aTul  cc]Htrifuged

   tt] gniri belh  lhE' sup(,rnakuil  aiut  r{'sLduc'.  whic'h  wc,re

   siibjec'ted  to a]t ussay  f)f pretE･in ('"nt(Tnt  (Fig. L') and

   pd,]yp,･ptidf' {'"tnposilion  (Fig 3A-{1). respec･tively.

   I'rd,k\in t,}nl(,nt xvus ('ak'ulat{sd froiu tlio vokuue  {)f 1.he

   gll]tc･]in fra('tifm. alld  protciill ('oll{'Eillrraticm  t].v rh{,

   Le"n'y inetli-d.'

     Preparation  of  gllltelin

     "lutelirT from  c,ac'h  ric'E, c'ullivnr  sins  extra('ted  "iih

   2"6 SDS  in 10 mM  Tris/H(:] hutT(･r (p}{ 8,3) (1 gll[P
   rt)]) t'rcsrn thf, iTidividual ak'oh"1-ius"luble  residue  b.v

   stim'irlg  th]' L) ll tlt r"orll t{Tmp(il'atlll'f', Aft(il' ('eTlrT'ifug-

   ing at Ltl,U()(}Xg f"r LtO min,  the sup{hrnatant  ""us

   filtered {hr(nigh  a  )L{illip{}rE, m(,mbrnTte  (NihoTi }L{H-

   l][]ore Kogye, Tokyo, Japan) "ith  a  pnre  size  of  1,2

    um.  To the  filtrate "",ts added  L) yolumes  of  c'(}]d

   a('etoTie :uid  t,h{s solut,ion  kE,pt ovf]rnight  at  iL ℃ , Thp

   pt'e('il}itated gluteliTi svas  c'enlrifuged  and  dried i" air.

      SDS-PAGE

      SDS  poLya{'ry[fLmi(ici g{,l c'le{'trophoresis  (PAGE)
   x･siis donEi b,v the tuetllod  c,i' Lae]tnmli,' iising  15 C16

   a('ry]amidf,  gel. "ith  slight modifications,  Aliquots (5

   mg)  ot' ea(/h  glut(xlin saniple  were  dissolved in 20(} 
,ul

    ,}t' lhv  saTTiple  buffer C2･l')% glycerol, 109,o 2-mer-

    c'aptoerhanol,  296 SI']S. and  f).{)02C?･o BI'B i}i O,12t') N:

7561
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    Pret{'ins :uu]  thE･ Poi)peptide C:c)mpositioii of  the  Glut{･li" ]n ,ALiwie[it {]u]rivnrs Lif Rt('{' Sc'tui

                                 vertical  lui)e gel (10× U.L' c'm),  using  arnpholine  of  pH

        :3.5 to 10 (Phartnaeia LKB  Biotechnology),  The  gels
 ssere  adapted  to vertical  electrophoresis  apparatus,

 and  NEPHGE  -Rs  run  at 400 V for 2.5 h (1,OOI)
 V-hours). The  second  dimension "es  conduc'ted  b,v

 SDS-PAGE  with  15%polyacryiamide  gel and  run  ata

 eonstant  c-rrent  of  30  niA  for 1.5 h. St,aining and

        destaining of  the  gel "pre  done  as  alread.v  des{'ribed .

          Chemical  analysis

          The protein <'ontent  of  each  saiTiple solulion  "us

        assayed  by  lhp  Lo"T.v method."  Amino  ac'id  ('ompo-

       o.o
          OO.51  2 5h

F']g. tL'. Solubility of  the  rice  glutelin t'ractions as  Ei

       function of  stirring  t,irne at f]O℃ in various

       selvents  and  solvent  systems

OnE]  grutn of  the  ,t}O %  prepa"o]-inseluL}lp  rE,sidue  from

i'ic/ts tlfiur (O, satiT'a L, c.v,  Kvshihikari) u"as  separatel.v

sL]spc･rLdE'd  in 2() rnl ef  each  selvent  or  s"]vent  sysreni  and

stirt'ed  l),v u  r'[tagn{,lic' stirri'r  at l]O 
'C,

 Al nm)r[)priak'

i"t{'rvais, about  1 m]  ef  thc, suspELnsion  svas  vt]11ec'1ed,  and  a

part ef  th" superTiataTil  "us  assayed  for prur{,m  c'e]ilc,nl I).v

the  LozzT,v Tnethod.'  So]vents/  O.O;V} ti ac'etk' ac'if] C-}/ t] 1'td,
KO[I  cA}/  c)2-'t) NaOH  (I .): f)ACI, NaOH  (<,)/ 1 u  Tn'ea

(x)/ t')v urea  (-)/ dLt')%  SDS  (A)/ 10" SDS  C")/ 2"6 SI)S

(e) 1Trea -r  S[)S s:]]v{･nts  "'f･r(･ t)r{'parf･d in 1() rTul Tris,"

H(]H)LiffE･]' (iiH 8.5). Sujverit s.vstern  1 (e)/ L' f]b  SDS  plLis 4

M  Tirf･n in IC) tusl Tris,'H(1] buffc･r CpH S5}. S,)lv{･Ml sysleln

LJ C'.'/)' z) O･`) SI)S  I)]us 4 sl urea  iti 6z･) t'} ]nxt Tris,'H(T] bnffer

CpH 6S).i

TrisfH(:E buffer CpH 6.8)) by heating fev 5 min  in
t)oiling "Hter  in an  Eppendorf  tube, The  t,ube "'as

(･entrii'ugei(i  to t'emove  a  c;}ear supernatallt.  a portiun

ot' Lyhicli  C2･'-1{) ttl)  "us  applied  t" thE, gel. Elc･c･tro-              '
phorc'sis xvis  coridu('ttid  rer abetit  1,r) h at  :]l] tnA  pchr

s]ab  (Jl,,t') × 8,5 × O,()7t) (/m).  the geH)e.irig slaiTieci  "ith

[).(]5 `lh C;oornasstp Brilliant Blue R-251) in 10"6 ace{,icr

auid  and  L'5Yb  isoprol)anol, ancl  clestaiT)ed -ith  10 q'o

aceti(' acid.  
"
 The  inolecular  "'eigttt  ot' euch  protein

-ns  deterniined b.v refererice  to the  ITiigratioll

distanc:e of  the rnarker  preteiri in a luvv-niolecujar-
wpighr  pr{)tein kit, (Pharmacia LKB  Biotec'hiLolog.N'.

IJppsa]a, Sweden)/  myoglobin,  94,OOU; IBS.,L. (57.000;

ovalbumin.  43.000z carbonic  anh.v･drasq  30,OOO: soy-

bean  inhibit(,r, 2(}.100:a -tact()albumin, 14,4{)O,

  Two-dimensional  electrophoresis  (2-DE)
  2-I)E "-s  carried  out  bv  the  nbethod  of  O'Farrel}.]

The firsT ditt}ension "as  coiiduc'ted  t)y non-equili-

brium pH  gradicint eLect,rophoresis  CNEI'HGE) in

t75T･

srtnnn  vaas determined bv a Hitachi 83o amm"  ar']d                     '

anal}zer  after  eac:h sample  had been hydrolyzed "iTh

6 N' HCI  at  105℃ fer 24  h in a  tube  seak･d  nndc･r

       h･
vaclLlunl,

          RESULTS  AND  DISCUSSION

  kotein  accumulation  patterns

  I--or a  comparisen  ef  ttie ae('uinulation  prorikis "f

ricp  protein during seed  cievplopment,  pani(･U.s "'c,r{'

harvested at appropriate  ititE-rvals (2-IO days) aiui

thE' isoiatc,(l [)rolc,]ns xver(,  atialyzod  by SI)S-PAGE

(Fig. 1). Th{' ri('e cu]t,ivars used  iii this tixpt'ri]ncxnl

were  mod{,rn  rk'e  (',v., AkitaktJmat'hi (pimchts .AL aTid  a)

aHd  Takasa,go-mochi (panels B utid  b). aTid  Em('ie'-t  ('.v.,

7/s'tt.shima:airai Cpariels (: allci  c') aiul  K"rc)-mu('hi

(panels D  and  (i). IE'1ie relative  amukmts  of  pely-

peptides  from the panicles wc,re  obtained  as peak

heights evalual,ed  by densilonialric s('amiing  {]f thc]

electrophoregvam,  in "hit/h  zhe peak  height of  tlu]

l')olyl)eptid(i xvith a molec･ulnr  weight  (MW)  of  87 kDa
wus  designale(i as  1{)O%.

  I)uring the grai]i-filling period (ab{}ut :S-4;P, DAF).
the accurnulation  patterns for t,he seed  proteiTi

pol}rp}eptides of all the cultivars  tEist{'d "?re  roughl,v

similar  t- one  another,  (sxcept  for 71sttshima:ait'ai (',v,

.ALt :S-5 I).ALF, 2 p"1purl}eptide subuTiits  "ith  rath(]r  high
niol{icular  wciights  CMXV's) of  87 and  75 kDa  first

appE'ared.  Fol]"svirig al  7 DAF,  4 distin(･t polypepti{les
Nvith  Dil""s of tot'.'. 3L, Ll and  lt.) kDa, "hich  are  major

pol>[F)eptides of  rice  glutelin, began  lo be  visible.  The

amour]t  of  accumulated  protein in('reased gradllall,v
during the  IO-L)0 DAF  period  in the  three  cultivars

(pariels a, b and  d), and  after  1･r')-2C} DAF,  litttp f:hange

in the  deposition patlerns ivas  seen,  These  firidi"gs

agree  "'ell  -ith  those  reporLed  in the  literatur{i,' 
i

 In

the case  ef an('ient  rice  Tsu.s'hima:airai c.v.  (pa"el c).

hewevpr. th(s protein a(･cumulation  profile -Jas signifi-

['untly  clifTerf,nt  from  Thos(, of  lhe  uther  three

f'Liltivars  atread.x, cite(i, ,hL]though massive  protein

ac('un)u]atioti  in rhis c'ultivar  began  aT  7-l() [).ALF, thf,
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Fig, 1. SDS-PAGE  patterns of proteins extracted  fr{)m devoloping  riee  seeds  harvested  at  appropriate  days

       after  flowering CDAF)

SIodern non-glutitious  e.v./ Akitakoinat'hi Cpanels A  and  a);  ineclern  gluliiious ('.v./ Takasago-tnoc'hi (panels B  and  b);

ancient  non-glutinous  c:.v,/ Ts"shinra:airai (panels {.' and  c);  aiLd  aneient･  giutinous c.v./ K"ro-mo('hi Cpanels D  and  d).

Saniple preteins fTom panicles were  disselve{i in 2 Ob  SDS-5  mi･i Tris,fHCI bufl'er Q)H 8,3) and  in sample  buffer C x2

curic･ent,ration,  1/1 v/v.  62 rug.17'OO  tt])  iri an  EI)peridorf tube  as  described iTi the  MATERIALS  AND  S{ETHODS  section.                          '
After centrifuging  thp  tube,  each  clear  supprnatant  (10,,tl) iqLs  loadvcl en  zhe larie, Nuinbers iii the  left inargins  refer

t,o the apparent  melecular  iveights  of  the  standard  tnurkE]r  In'ntf]ins, Nunibers in the  right  rnargins  refer  tv the

apparent  iriole{.'ular  ss?igirts  of  t,he ina.ior  pot}'[)ept,ides, Pai}els a-ft  she-'  c'hauges  iri the  Feiative  amounts  ot'

pol}peptides deposited i]i endosperm  dumrig seed  develepment, xalues  being calculated  as  peak  heights by

densitometri{' scanning  of the elec/troe.horegrtun,  
The

 peak  height of
 tlie 

S7
 
kDa

 poln,eptide i$ designated le09b.

Pea}pept,ides/ e, 87 kDai ,..),
 52 kL)a: . ., ;32 kL)a: A,  L' L kE)a/ -, 19 kDa; A,  l5 kDa.

highest value  for accumulated  protein conleiit  i"is

gained at  20  DAF,  the  relative  pe.ak height ot' the

proteins at  that  tiine being  found  te be nearly  t,"ticci

that  of  the  other  cultivars.  Moreover,  this maxiinuni

prot,ein value  Nvas  follo"?d by a rapid  reductioll  to a

general]y low level. Alt,hough there is limited data ar

present, this accuiuulation  pattern for rice  pretein in

t,he endosperm  seems  likely to be peculiar to some

ancient  rice  cultivars,  NEi'e are  thus  going to attempt  to

elone  the  19 kDa  subunit  to st,udv  the molecular                               v
characteristic:s  of the genetie structnre  of  an(/ient,

rice.

  Glutelin extraction

  To exaiuine  the extractabilit.v  of  rice  glutelin b.v

  20

different solvents  or  solvent  svsteius.  the relative

absorbance  values  at 750 nm  for the supernarants  of

the individual solvents  or solvent  systems  were  first

compared  svit,h each  other.  after  being extractpd  from
tlte 50g6propanol-insoluble residue  by  stirring  i'or 2 h

CFig. 2), Next. both the supevnatants  and  inseluble
residues  were  analyzed  by SDS-PAGE  (Fig. 3). As

sho-Ti  in Fig, L'.of all the solvents  used,e.49h  NaOH

(<>) or  solvent  system  1 (e, a  mixture  of  296 SDS  and

4 Nt urea)  revealed  the highest, extraction  efficiency  in
ternis  of  the  absorbance  at  750 nm  (12-l.5) in the

supernatallt.  SDS-PAGE  of  the O,4%  NaOH  fraction

(panel A zlanes  3, 3'), hos-?ver, shows  that beth the
superiiatamt  an(a  residue  euntait)ed  only  faint bands,

(758}
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    3 5 7 IC 15 20 25 35 45 DAF

                                             Fig. 1.

suggesting  alkaliiw  degradarion of  thci prnT(,in, The
acidic  solvent  (panel iX/ ]anes 1, 1') ivas  likfily to b{,

inuffe('tivo, "'ith solvvnt  system  l (I):uie] (1, laiws /l.

:S'), tw" nia.]c]v ghLtc･]in sulmTiirs  svith N,I"'"s ef  3L} an`l
21 kDa  w{,rp  i'ottnd iti the  supertiatailt,  wlLile

signifi('ant amounls  of th{i bands c'orresponding  To

both  subunits  wercx  lfift iTi the  rfisiduE',  indic'aling

iiisurficie"t extrac'tion  of  ttie pr"tei". The  SI)S

solvent,s,  espec'ially  its 1 or  2 
{V6

 svlvents,  hoNv(,ver,

extra{･ted  most  effic･iently  the  lun  ma.']"r glnreliti

subunits.  IiTt,le evi(lence  of  prorein batids being k,t't iti

thcs residues  Cp;tnei B: lttnes 4, 4' vr  5. 5'),

demonstrating that the SI)S solvenls  had promin{,nt

svluc'tivity for ri('cz g]utE,]in t"gether  "･ith high
extra(/tioil  efilc/ieTi{'y,  ()it the  otku'r  hEtTut, urE･ti

k'7i,1'il,I'g,i,`i';'i..'ili Ik::Iii:･;i l,},l,1,`:i;,:L2bl-l,l),;,s.h`cil] l:e,)I:I
found  1,o bc' less useful.  Althfmgh  sEiveral  avuilabl{i

solv(,rir  systerns  t'or ric/{, glurelin extra{'T,i"n  have  beeTi

dcivt'lol]E,cl. i.e., O.5`?･e SI)S-".69b merc'aptucithanol.'

                                                    11
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the C;tlitelil) in Atu･i{･nl (1i]]livnrs [,f  Ri('(･ Sc･E･d

571015202535  45 D.KF

COTItiMICiC]

759

5710152e2S35  4S DAF

6 si 11r,ia it] phosphate  buffer (pH ".5), ' and  6 {}r B M

urcLa  i" Tris!IIC･1 bufff'r (pH g,O).L lheir  extr:u'tion

efl'ic'i(']i{'.y t'ov riL'i' glul('lin has vari(.d  tic'('erding  To The

inclivichm] r(ip"rts. It }iilhc,rt" it]di(･aTes a lack ot'

st,arlciEil'(ijzllrioll r{}r l'ic'e g]ttrE,[itl (ixt!'lu･ti{m.  The

findings oblain{.d  hpre can  be applied  as  a priru'iple

for rice  gluleliTi cixtra('tioii.

  Palypeptide cornposition  of  the  ancient  rice

  gllltelins
  Glut,eliTi frac'tions from 4 niodprn  rice  (･uktivars  anci

from  11 aneient  c'Ltltivars  (4 red  i'icei and  7 black
rice).  rogtsthcir "itl+  l3 spec'ifi('  aT)('ienl  ric'e cultivars,

svere  analyzed  either  b.y･ SDS-}'A(}I･] (Fig. 4) or  by

L-DE (Fig. 5. A-D).

  There  ""as  no  iiislgn"'i{'ant dirl'ereric'e in poi},'-

peptide pAtr{,rns betwtsc]n the anc'ient  nnd  modf]rii

ricfL  {'Liltivars  tcLsted: 4 major  subtmits  of  poiypeptides

ivith  )vlW's oi' g52, :lzi 21 :md  If5 kl)a "vre  c'oiumon  to

ail lhe  glutelin rrnclions. This pol}peplide partern has

atready  bE,eti chsral)lished  by a number  nf  prpt'eding

) :)1
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        Fig. 3, SDS-PAGE  patterns of  the  supernatants  and  msoluble  residups  desc'ribed ]n  Fig 2

Sarnples freni the sttpernatants  (lanes 1-4 or  5) and  insc}luble  residues  (lanes 1'-4' [)r 5') "K'rEi acljusted  to give thEi t)est
spparation  of  pach  fraction and  loaded on  to the gels I'arwl A, [anE,s 1 and  1', O05  M  a{'ehc  ac]d,  lanes 2 and  L)', O2"[]

NaOH,  lanes 3 and  3', O,4 9b NaOH:  ianes 4 a"d  4 , O 1 [ii, KO}I  Panel B The  solvents  "'ere  pr(]pared  Ln  10 mv  TrislH(:1

bufff,r (pH g,r}) Lanes 1 and  1 , 1 v  urf,a,  lanps 2 and  2'. 5 M  urea,  laiies :S ;uid  3', O5%  SI)S: 1.utes 4 and  4 , 1% SI)S:

lanps ,H) and  5', 2U'u SDS  Panel (; lanps 1 and  1' 5 Ni urea  in  IO inM  TrihlHCi (pH 8tb); lant's L) an{i  L)'. -l M  urea  plus L)`Z)

SI)S m  tiL) 5 mM  Tms/H(]L (pH 6 8), Iiines 3 and  tS', 4 xl urc,a  p]us  Zf16 SI)S  m  10 mxl  Tr]g!HCI (pH 8 r)), [anps -l nnd  ,l'. 2[i()

Sl}S in  lt) imE  Tns/HCI  (pH 85) I.artes M  are  the  same  piotem  markers  as  thos(, described ]n Fig 1. Numbers  in the  [eft

and  mght  marg]ris  refer  to M""s uf the inarker  protems  and  of  the  m{vor  pul}peptides ot the ric'e ghitelm, r(hspe(･tivE'ly

works  
'
 

"
 Howcwer, anc'ient  black giutinous rice

cultivars  Kuro-2, Kuro-moc'ht and  Mtirasaki-kuro (Fig. 4:

lanes 8, 11 and  13) displayed onp  tiniqup  sllbunit

(head arrows)  -:th  MW  of 19 kDa, "hieh  also

einerged  faintly in sonie  ancient  red  riue  cultivars

(lanes 2, 3, 4 and  5). On  the other  hancl, fewsubumts

corresponding  to 19 kDa were  detec'tpd in the ntodern

rice  cu}tivars  (Ianes 1, 6, 15 and  16) or  in the other

ancipnr  cultivars  Clanes 14, 17 and  18), Ttiese results
suggest  that the 19-kDa  subunit  rnay  b(, an  inherent

protein species  of  the ancieiit  black rice  cultivars

   We  therefore atterupted  to deteet the  19 kDa

suburnt  by 2-DE  with NGPHGE/SDS-PAGE  CFig 5; A-

D), because the polypeptide subunits  uf  ric'e  glutelin
have  been  c'haracterized  on  the  basis of  their mobility

in a 2-DE system,  by -hich  the glulehn is separable

 22

inro a('idic (a ) and  basic (,t) suburuts,:i  Both the
subunit  groups ( a and  

,3
 ) could  bp separated  in This

c]xpemriient,  but idetitiric'atien of  the  19 kDa  siibnnit

"vas unsuc{;c'ssful,  TrLv gluteliiL specimens  tested here
did net  rpspotid  to alk.vlation  -dth  4-vinylpyridine,''

"inile  the NGPFIGE  systern  used  was  ('amposed  of only

one  ampholine  (pH :35-10). rather  than  the multi-

systein  used  by Luthe '
 It wi1) be necessary  to

rc'-exunnne  by the  2-ME  multLsystem,  using  alkylntecl

glutelm sumples.

 Amino  acid  composition  of  the  ancient  rice

 glutelins
 Th(L aniino  acid  coniposition  of  the glutehns froin 3

bluck glutinous and  3 rpd  non-glutinons  ancierit  rice

cultivars  are  summarized  m  Table 2 There -as  httle
difference in  the  amino  a('i(i profiles among  the

(76{}}
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2. AiTiino acid  coinpositiotis  uf  the g]utelins froiu clefatl,ed  aii('ientrice  flour

mo!%

Amino  ac/id Black glutineus c.v, Red non-glutinous  c.v.

Akita-k"roMurasaki-kttro Kuro-K TlakaramichiBenimivakoKunits"kasa-('huuktt!i!i

   ,h,sl],LA,sTI'

   Thr

   Set'

   GIu,,Gln"

   E'ro

   (IIv

   rXla

   Va[

   (lys

   Met

   Ile

   Leu

   T)T

   1'he

   I.vs

   His

   Arg

    Results arf:

    glutainine,

different

glutamic

paragine,
were  sulfuric

nre  alruost  i

glutelins.] 
i
 

]''

  Th(s present

mSC]Ci(icultivars.

 with

appar'ent!y

found  that

in SDSagents.

for providing

(I)epart,ment
Ehimerice,

 This
Grant-in-Aid

fronl thfL

et' ,Japan,

  2t;

8.24.06.417.9
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77387･117.46.27,97.

 g.7･

 .oO.
 L)035U91345L)L}.

 tS2.I7,

 L,

s.o4,4

 6.6i7,1

 5,6
 9,O

 8.2

 6,8

 O.2

 O,2

 ,1.8

 8,i

 2. 7･4.8

 3.3

 2･). 2S.1

8.03.96.818.

 7･4.6

 7S85

 7.1Ol()

 15.19

 ,l2

 ti5.22.52,O7.5

thc, rt)eans  of  duplicate det,ermi[uLtions.

       cultivars,  The major  constituents  vvere

      acid/g]utarnine,  leucine, aspartic  acicl!as-

       glycine and  alanine,  and  the minor  ones

          ainino  acids,  These chemical  features
         dentical to those  of  the  modern  rice

           work  has i{ieritified a variable  patterTt

ttie ra(p  of  a('('umulation  of  storage  proteins during

   deveLopnient bet"een ancient  arid modern  ric'e

          a  fe"' ancient  ('ultivars  containing  one

        unique  pelypepticie subunit,  It "ns  also

       ric'e glutetins were  niore  selectively  suluble

     solvenrs  than in urea  or  iti ac:idic'  or  basi('

"'e are  grateful to Mr, Suzuki of U"e  Rice Musenm

          the  ancient  rice  seeds,  and  to Dr, ]shij

          of C,ultivation, Facu]t.v of  Educnti"n.

    IInivprsity) for leading the uultivation  of the

         stud.v  vLus  support,ed  in parl by  a

         for Scientific Researcti (No. 0668U024)

      Ministry of Educativn, Sc'ietwe and  Culture

"Aspurt,i('
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 1)
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 :.s 1)
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9)

101

IV

12]

a('id  plus  arginine.  
"GlutamK'

 aeid  ph]s
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古代米種子蛋 白質の 蓄積 と グル テ リ ン の ポ リペ プチ ド組成

宇高順 子，宅見賢二 ，辻 英明
’
，小川 正

“

　 ｛愛媛 大学教 育学部，
串
徳島 ノく学医学 部1

　 　 　 　　
’
｝4 成 8 年 1 月 8 日 受理

　種 f’生育期 間 に お 1ナる 占代 米貯蔵蛋白質の 蓄積 と グ ル テ リ ン の ポ リ ペ プ チ ド組成に つ い て ，

SDS −PA （．；E と 2 次 元電 気泳動 に よ り現 代米との 比 較研究 を行 っ た．種 ∫
・
胚 乳 へ の 蛋 白質 の

一

般的な蓄積 パ ター
ン を，87kDa ペ プ チ ドに 対する 景：比 で み た 場合，分 f・量 21，32　kDa び） 1つ

の グ ，レテ リ ン と 15kDa プ
．
ロ ラ ミン が 開花後 7 ・−10 日で 現れ た 後．徐 々 に 増 加 し開花後 15− 25

日 で
」
ド衡 に 達 した ．しか し，占代米の 1 【1「

11

種で は 異なるパ ター
ン を示 し，開花後 7H で そ れ ら

の 蛋白質が 急速に増加 しは じめ，20 ［］で 最 高 に 達 しそ の 後急速に減少 し た ．そ の l！祭，開花後

20 日 目 に お け る 蓄殯蛋 白質の 最高値は他の 米の 蓄積 バ ター一
ン の そ れ の 約 2 倍 で あ っ た ．米グ

ル テ リン 画分 の 叮溶 f匕で は ，酸，塩基，尿素溶液 よ りも SI
．
）S 溶液 で よ り 選択 的 に 溶出 され た ．

い くつ か の 占代．
iil

米 グ ル テ リ ン に は 他 ll【1種で は 欠損 また は 僅少な ホ リ ヘ ブ チ ド qgkDa ： が み

ら れ ，占代黒 承に 固有の 蛋 白質種で ある こ と が示唆 され た ．占代米グ ル テ リ ン の 2 次 元電 気泳

動 を行 っ た結 果，占代米，現代米共に Ct （酸性 ） お よび メ ：塩 基性 1 の ：つ の サ ブ ユ ニ ッ トを

確認 し た．19kDa は検出 で きなか i
♪ た．

キ
ーワ ード ： 米，占代米，現代米，種 ゴ

・
蛋 自質，グ ル テ リ ン ，ポ リヘ ブチ ド組成，
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