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          Characterization of  the Ecochemical in Kidney  Beans
                     Which  Inhibits the Larval Growth  of

                              the Azuki Bean Weevil
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                             Hiroshi HoNDA  and  Izuru YA"fAMoTo

                    
"'DttPaFtment

 of Agvicultttral Chemistr.y. NODAI  Research  lnsbitztte,

                      Tok},o U-ptiversit.v cij' Agrr･icztitztre, Setagaya-hu. Tokyo  156, JaPan

                                  (Reccivcd September  17, 1990)

              iYn  inhibitor of  ]arval grewth  of  the  azuki  bean  wecvil  was  isolated from  kidney  beans.

          The  growth  inhibitor was  a  glycusylprotein with  a  molecular  ",eight  of  ca.  48,OOO  and  an

          isoelectric point of  4.46, which  had  several  subunits  and  moieties  sensitive  or  inscnsitive  to

          endo-N-acetyl-fi-D-glucosaminidase  H, Its carbohydrate  content  was  15.2%,  based  on  20

          mannose,  1 fucose, 2 xylose  and  15 N-Ac-glucosamine  residucs  per one  mole  (8,5% by  thc

          phcnol-sulfuric acid  method).  It inhibited at-amylases  of  an{mal  origins,  but  not  those of

          plant  and  microbial  origins.  It had  no  trypsin  inhibitory and  ]ectin  act.ivities.  Both  carbo-

          hydrate  and  native  protein moieties  seemcd  to be  required  for growth  and  oe-amylase  inhtbi-

          tion,  1-he overall  rcsults  indicated  that  the  growth  inhibitor was  identical with  or  sirni]ar

          to the  at-amylase  inhibitors previously  isolated from kidney beans.

             INTRODUCTION

  An  ecochemical  present in kidney beans

(Phaseolus vuigaris)  which  inhibits the  larval

growth of  the  azuki  bean weevil  (Callosobr･"chus
chinensis)  has becn isolated as  a  glycoprotein
and  partially identified by  Ishimoto  &
Kitamura"2) and  Smitanond  et al.3) There  arc

ccrtain  discrepancies in the molecular  weight

between the two  groups, Both  have de-
monstrated  that the inhibitor is an  ct-amv]ase                                    v
inhibitor which  has no  tr}Jpsin inhibitory and

lectin (hemagglutinin) activities  (see also

Tanaka  et al.`)), On  the other  hand,  Janzcn
et al,5' have  claimed  that the growth  inhibition
of  Callosobrftchus macztlatus  in P, vuigaris  is

due to the presence  of  lectin, and  Gatehouse
et al.6) subsequently  claim  to have confirmed

  *  present  a-tll'Fessll'15;'I.isl'6n  of'Agricultural  Toxic

   Substances,  Departrnent  of  Agricu]ture. Bang-

   1{ok, Thailand.

(1991)

the texicity of  the seed  lectins of  P. vuigaris

towards  deve]oping larvae. Also, without  any

regard  to larval growth  inhibition, scveral

workers  (Marsliall &  Lauda,7) Powers &

"'hitaker,e,9) Pick &  "Tober,iO) Frels &

Rupnow,i') Wilcox &  Whitaker,i2) Lajolo
&  l--ilho,iS) Moreno  et al.t`)) have  isolated

ct-amylase  inhibitors as  glycoproteins from
kidney  beans and  characterized  them.  Thcre-
fore, comparison  should  be made  to see

whether  or  not  their  ct-amvlase  inhibitors are

identical with  our  Iarval" growth inhibitor.
The  present investigation is concerned  with  a

further study  on  the properties of  the isolated

growth inhibitor in order  to provide some

baseline data  for extending  our  cmgoing  study

toward  the genetic breeding of  weevil-resistant

beans. In the present paper, our  larval

growth inhibitor is called  the growth  inhibitor

in order  to differentiate it from  the ct-amylase

inliibitor.
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       MATERIALS  AND  METHODS

1, Isolatilon of the Growth Jnhibtltor
  Extraction from red  kidney bean flour, and

successive  chromatography  on  Sepharose 6B
and  Sephadex  G-75 were  described in a  pre-
vious  paper.3) The  active  (growth inhibition)
fraction B  (20 mg,  2.9 g-eq,) obtained  from  a

Sephadex  G-75 column  was  dissolved in O.02 M

phosphate  buffer (pH 7 containing  25%
ammoniurn  sulfate)  and  dialyzed against  the

buffer. The  dialyzed solution  was  applied  on

a  1,Ox22  cm  butyl Toyopearl 650M  column

previously packcd and  equilibrated  with  the

above  buffer. The  ¢ olumn  was  washed  with

the buffer until  the absorbance  at  280nm  of

the eluate  appreached  zero,  then  with  l50ml

of  O,02 M  phosphate  buffer (pH 7, containing

a  reverse  linear concentration  gradient of

ammonium  sulfate,  25 to OO/.). Aliquots of

2.5 ml  were  collected  at  a  flow rate  of  36 mllhr

and  were  measured  for ct-amylase  inhibitory
activity.

2. Assap,t ofHemaggl"tination Activiij,

  Erythrocytes were  prepared  irom rabbit

blood, measured  by  a  serial  dilution of  the

growth inhibitor and  compared  with  standard

lectin as  in a  cenvcntienal  assay.

3. 0Ptimttm  Conditions for ct-Am.v.,lase  Jnhib-i-

   tion and  Stability

3.1 PorcinePancreat･ic ct-amylase

3.1.1 blffects of Preincubation time and  tem-

      Peratttre on  iinhibitorLv  actt'vity

  The  growth inhibitor (3psg) was  prein-
cubated  with  ct-amylase  (1 unit)  in O.42ml

of  O.02M  potassium phosphate-O,05M NaCl-
1 mM  CaC12, pH  6.9 at  25 and  370C. Aliquots

040 ptI) were  withdrawn  at  intervals of  5 to

30min  and  assayecl  for remaining  ot-amylase

actlvlty.

B.1,2 ELffl,ct ofPH on  inhibito,:y activily

  ct-Amylase  (1 unit)  was  incubated  with  thc

growth  inhibitor (O.5 ptg) in digests (140 pt.1)
different in pH  at  30CC  for 10 min.  The  buff-
ers  were  O.04M  sodium  acetate  (pH 4.3-5.6)
and  O.04 ){ potassium phosphate (pH 6.0-6,9).
Ionic strcngth  was  adjusted  to O,04M  with

KCI.  After 10min,  the  remaining  caamylase

activity  was  determined.

3,1,3 Efact of PH  on･ stability  of the gronth
      inhibitor

  The  inhibitors (each 1 /tg> were  incubatcd at
various  pH's  in the above  buffers for 4hr  at

300C, then  assayed  for inhibitory activity  at

300C 
'for

 1O min  against  a-amylase  (1 unit).

S.1.4 Ther7n･al stabilit.v  of the g-roneJth inhthiter

  The  inhibitors (each 1 /tg) in 70 pl of  0,04 M
acetate  buffer-O.04M  CaC12, pH  5.4 were

treated for 15min  at  a  temperature  of  30-
1000C and  cooled  for 2hr. Assav for in-

hibitory activity  was  performcd at  SOOC  for

10 min  against  a-amylase  (1 unit).

S.2 a-Amp>,lase  qf larz'al C. chinens-is

  a-Amylase  preparations of  C. chinensis  were

prepared from  fresh wholc  body  homogenates

of  late-third instar larvae.3)
3.21  Elfilects of Preincubat-ion time  and  PH  on

      ct-a"optlase  inhibito?:J, actt:witlv

  The  growth  inhibitor (1 /Lg) was  preincubat-
ed  with  larval a-amylase  (1 unit)  at  various

pH's and  times at  30aC. The  buffers were

O,04 M  sodium  acetate  (pH 4.5-5,O) and  O,04 M

potassium phosphate (pH 6.0-6.9), Ionic

strength  was  adjusted  to O.IM  with  KCI.
Assay  fer remaining  st-amylase  activity  was

performed  at  intervals ranging  from IO to
    .60

 min,

3.2.2 Efact of ionic st･rength  on  inkibitozy

      acttz,tty

  The  larval ct-amylase  (1 unit)  was  incubated
with  the growth  inhibitor <1 ltg) at  varieus

ionic strengths  (various concentrations  of  KCI)
for 30min  at  3eOC, pH  5,4 (O.e4M sodium

acetate)  and  remaining  a-amylase  activity  was

determined.

4. Inhibition b.v the Growth Jnhibitor of a-

   Amylases of D(fferent Origins
  The  growth inhibitor (1 ltg) was  incubated
with  ct-amylase  eaeh  from human  saliva,

barley malt,  Bacillus subtikis  and  Aspergilltt･s
o,tJ,rrae in digests (140 1`1) at  pH  5.4 (O.04M
sodium  acetate-O.OlM  CaC12), After 10min

at  300C, remaining  ut-amylase  activity  was

determined,

5. Determination  ofCarbo]ig,d-rates
  The  centent  of  total carbohydrates  in the

growth inhibitor was  determined  by  a  con-

ventional  phenol-sulfuric acid  metl]od.i5)

NII-Electronic  
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which  had  been  wcll  equilibrated  with  10/,
acetic  acidr6)  and  eluted  with  the same  buffer.

Aliquots  of  2 ml  were  collectcd  and  analyzed

as  described  in scction  7. The  reactien  rnix-

ture was  lyophilized and  tested for inhibition

of  st-amylase  and  larval growtl).

9. Endo-ALacet"vl-rs-D-glucosaminidaseH

    (Enao-H) Treat･ment

  The  growth  inhibitor (1 nig)  was  incubated

in acetate  buffer (e,e2 }{, pH  5.3 containing

O,2%  SDS) and  in O.05 ml  PMSF  (6 mg  in
95%  ethanol)  for 1min  at  500C  in order  to
denature the inhibitor.i?'i9) Then  O,5 units  of

Endo-H  was  added  and  the mixture  was  in-
cubated  at  300C for 10hr, The  digcst was

applied  to the Biogel P-4  column  {100 ×  l .5 cm)

and  analyzed  a$  described in section  7,

10. Chro･matograPdy ofthe G4yco Chains
  The  glycopeptides or  glycans resulting  from

section  7 or  9 (2 mg  in O.5 ml  of  equilibration

buffer) were  further fractionated on  the Con-

canavalin  A-Sepharose 4B  column  (5× 1 cm)
which  had  been  previously equilibrated  with

5 mM  acetate  buffer (pH 5,2) containing  O.h{

NaCl, lmM  CaCl2, lmM  MnCl! and  1m}･r

MgC12 at  a  flow rate  of  9 ml,thr  at  room  tem-

perature. They  were  elutcd  in three buffersie)
while  monitored  with  phenol-sulfuric acid:  the

equilibration  buffer (5 column  volume),  O.01 M
methyl  ct-D-glucoside  (3 column  volume)  and

O.3 }{ methyl  ct-D-glucoside  (5 column  volume)

in the equilibration  buffer (all containing

O.02%  sodium  azide).

  All the otlier  methods  used  in thc prescnt
work  were  described in the previous paper.3)

        RESULTS  AND  DISCUSSION

  Our  results  on  the growth  inhibitor are  corn-

pared  with  those obtained  by  ethers  on  st-

amylase  inhibitor from kidney beans (Table 1),

1, Isolation of the Grova,th Jnhibitor

  Chromatography  on  a  hydrophobic butyl-
Toyopearl 650 column  oi  the activ ¢  fraction

obtained  by  Sepharose 6B  and  Sephadex G-75
chromatography  gave a  sharp  peak (Fig. 1)

with  a  single  bancl on  PAGE,  which  had  no

1]emagglutination activity.  Recovery  and  level

of  purification are  shown  in Table 2. The

16 1991

Carbohydrate  coniposition  was  determined by
two  gas chromatographic  methods  with  alditol

acctate  and  trimethyl sil.vl derivatives and

sul)sequently  confinned  by  cenventional  GC-
MS.

6, I'eriodate OxidationB)

  The  growth inhibitor (0,6 mg)  in O.7ml  of

O.3M  sodium  acetate  (I)H 4.5) was  oxidized

with  O.1 ml  of  O.2 "･r sodium  rnetaperiodate  at

40C. Aliquots (O.05ml) were  removecl  at

intervals into O,1 ml  of  5e9,6 ethy･lene  glycol
to terminate  the oxidation  and  measured  for
ec-amylasc  inhibitory activity.

Z  AIkaline "xTdrol･vsis            Jv

  Samples (20 rng × 2) were  dissolved in O.05 N
NaOH  in screw-cap  test  tubes, adjusted  to

pH  1O and  an  cqual  volume  of  fresbly prepared
cold  O.05M  NaOH-1M  NaBH4  was  added,

The  solutions  were  incubated at  450C  for 16 hr,
The  first tube  was  cooled  and  neutralized  wjth

a  few  dreps  of  500f',' acetic  acid  to pH  6 and

subjected  to  thc  Biogel P-4 column  (100×
1.5 cm)  which  had  been previously equili-

brated  with  1%  acetic  acid  and  eluted  with

the same  buffer. The  second  tube, after

cooling,  was  supplcmented  with  an  equal

volume  of  2M  NaOH-h{  NaBH4  and  heated

at  1000C  for 6 hr, The  reaction  rnixture,  after

cooling  and  adjusting  to pH  6 with  a  few  drops

of  509t6 acetic  acid,  vgTas  subjected  to the Biogel
P-4  column  and  eluted  with  the same  buffer.
Aliguots of  3 ml  were  collected,  and  the carbo-

hydrate-containing fractions were  measured  by
the phenol-sulfuric acid  method  (absorbance at

484nm)  and  the peptides by  absorbance  at

230 nm,

8. PronaseDigestio7･i

  The growth  {nhibitor (20 mg)  was  dissolved
in O.5ml  of  O.O15M  CaC12 containing  O,29,b'

sodium  azide.  Pronase E  (Straptoi-ayces griseus.
Merck, FRG)  (O,15mg) was  added  and  the

mixture  was  incubated  at  400C for 24 hr with

its pll maintained  at  8.i) with  O.1 M  NaOH.
After 24 hr, the proteolytic digest was  supple-

mented  with  more  pronase (O.1 mg)  and  the

incul)ation was  continued  for 48 hr at  tl]e same

pH  8.5. The  cooled  solution  "ras  passed
tl]rough the Biogel P-4 column  (80× 1.5cm)
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Table  2Purification  of  the  g. rvwth  inhibitor fremkidney  beans,

Step
Yicld

"ieight  (g)9'o'

Protein

 (IIIg)

 Totalactivitv

 (unit)aScPteiS.iift'i3

 Recovery  purification

 (un it) <?,',' } <fold)

Bean  fiour

Crude  extract

Scpharose  6B

Scphadex  G-75

Butyl  Toyopcarl-650  )･1

40.00
 7.03

 I,90

 O.27

 O.12

1OO.OO
 17,50

 4.76

 O,51

 O.31

203

 24

  5

  1

.o.o.2,83,7662,4671,096

 608

 18 6l02.0210.7388.0loo.ofi5.529.0

 16,O

 1.08.211.318.2

yjeld of  the purified larval growth  inhibitor
was  O.3%.  The  value  was  generally in agree-

ment  with  the ones  obtaincd  by  other  werkers

(O,40.5%,7' O.15%iO'). Only Frels &
Rupnow'i) have  reported  two  distinct ec-

amylase  inhibitors from black bean (P.
t,ulgaris),  suggesting  that  a  labile inhibitor has
been lost by  othersT'B)  heat  treatment  in the
isolation procedures. Our  purification proce-
dures involved no  heat treatment,  but only  a

single  growth inhibitor was  obtained.

2. {ipt･im"m Conditions for at-AmLvlase  Inhibi-

   toicy Activity of the Growtth Inhtlbitor and

   Stabiliby

  When  porcine pancreatic a-amylase  was

incubated with  the growth inhibjtor at  pH  6.9,
it took  10 and  20 min  to reach  maximum  in-

hibition at  25 and  37eC, respectively  and  the

extent  of  maximum  inhibition was  60%  at

37aC, whereas  only  209ta at  25CC. The  op-

timum  pH  during incubation (300C tor 10
min>  was  found  to be  pH  5.4. Therefore,
incubation conditions  of  a-amylase  with  the

growth inhibitor were  standardized  at  pH  5.4

and  300C  for 10 min,  if not  otherwise  mention-

ed.  pH  and  temperature  affected  the sta-

bility of  the growth  inhibitor. At  pH  5.6

there was  almost  no  cliange  in the inhibitory
activity  after  4 hr, but at  pH  4.3, 5.0, 5.4, 6.0,

6,4 and  6.9, the inhibitory activity  Nvas  lost
by  30.6, 12.5, 5.3, 25.5, 26,4 and  37.5%, re-

spectively.  Treatmcnt of  the gro"rth in-
hibitor at  370C  for 15 min  had  no  effect  on  its

stability.  At  higher temperatures  of  40, 50,

60, 70, 80, 90 and  1000C, the  inhibitory ac-

tivit}r decreased  by  12.3, 48.2, 62.2, 60,8, 90,9,
91.7 and  100%,  respectively.  At  10eeC, 5 min
was  enough  to completely  destroy  the inhib-
itory activlty.
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Fig. 2 I,]ffects of  pH  and  preincubation time  on

the  extent  of  inhibition of  C. chinensis  ct-amylttse

by  the growth  inhibitor.

  The  growth  inhibitor inhibited the  oc-amylase

frorn larval C, chinensis  to a  lower extent  as

compared  with  the pancreatic ct-amylase  under

incubation  conclitions  of  pH  5.4, 300C  and  10

min  as  reported  earlier.S)  Both  pH  and  ionic
strength  were  found  to be involved  in the

extent  of  the inhibition. The  higher the pH,
the lower  the inhibition (Fig. 2), whereas  the

higher the  ionic strength,  the higher the  inhibi-
tion (inhibition of  10.5, 25.2, 28.6, 34.3 and

42.9%  at  an  ionic strength  of  O.04, O.08, O,10,
O.12 and  O.15, respectively).

B. Inhib-ition of ec-Aitrylases  of Vanious Origins
   b･v the GrozE,th bthib･itor

  The  human  salivary,  porcine pancreatic and

weevil  ct-amvlases  were  inhibited bv  the
isolated inhibl'tor to significant  cxtents  (95, 98

and  60(>C , respectively),  whereas  ct-amylases  of

plant (barley malt)  and  microbial  (Aspeug･illus
oip,2ae  and  Bacilltts s･Mbtilis) origins  were  not

affected  by the inhibitor in agreement  with

others'  data,Hi,i3ri4)

4. Carboh.vdrate Conte･nt of the Groie,th lnhib-itor

  The  carbohydrate  content  was  8.5%  by  the

phenol-sulfuric acid  method.  Other greups
(Table 1) gave a  valuc  ranging  betweeii 8.6
and  19.4el.. Although it provides a  conveni-

ent  method,  the  value  obtained  is not  ac-

curate.  Therefore, the individual carbo-

hydrates  ysrere  quantitated by  gas ehromatog-

raphy  to give 20 mannose,  I5 AI-Ac-gluco-

samine,  1 fucose and  2 xylose  residues  per one
mole  of  the growth inhibitor, from which  the
carbehvdrate  content  was  calculated  to be

15.29.,6J Frels &  Rupn()w'i' noted  only

mannose  by thin layer chromatograph-y･.  Lajolo

&  Filhot3) identified mannose,  galactose, xy-

lose and  glucosamine qualitatively by  paper
chromatography.  Our  identification must  be
more  precise in view  of  the techniques  wc  used.

Hewever,  with  similar  techniques, Wilcox  &
XVhitakeri2) obtainecl  a  value  of  I3e/6 based on
25 mannose,  17 AJ'-Ac-glucosamine, I fucose
and  2 xylose  per onc  mole  of  the ct-amylase

inhibitor.

b-. Molecuiar P'I･rei.crht

  The  apparent  molecular  weight  (Mr) was

reported  earlier  by  us3)  as  48,OOO  by  gel filtra-
tion chromatography  on  a  calibratec.l  Sephadex
G-75 celumn,  which  is generally in agreement
with  those obtained  by  others  (Table 1),

6. Subunits

  SDS-PAGE  (Fig. 3) resulted  in two  major

bands  (both positive for carbohydrate  stain-

ing) having Alr of  18,000-18,500 and  17,OOO-
l7,500 and  a  minor  band  (negative for carbo-

hydrate$) having 14,400-15,OOO  as  well  as  three

faint bands of  19,OOO, I6,5eO and  32,OeO  (am-

97,400

66,200

42,699

31,OOO

21,500

14,400

12 3 4

Fig.3  SDS-PAGE  (12.5?" slab  ge'1) of  the

growth  inhibitor,
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biguous for carbehydrates).  The  presence of

2-mercaptoethanol did net  affect  thc result,

which  suggestcd  that the subunits  uTere  not

linked by disulfide bonds. 
'IShis

 agrees  with

the report  by Pawers  &  "･'hitaker.S)

  The  zyrnographs  on  SDS-1'AGE  by  the

different groups wcre  fairly simi]ar  in pattern
though  the given Mr  for cach  band  deviated

from each  other.  Tablc 1 is an  attempt  to

make  a  correspondence  among  various  bands

as  judged from  the  zymograpl]s.  Moreno  et at.

did not  give the  values  of  MT  so  that tbe

estimation,  in parenthcscs, was  made  by  us.

Lajolo &  Filho's bands a', b' and  c', Powers &

Whitaker's a",  b" and  c",  Moreno  et al.'s a"'

and/or  b"', c"'  and  e"',  seemingly  correspond  to

our  bands  a, b and  c.  Lajolo  &  Filho considered

bands a', b' and  c'  as  three  different subunits

present, giving Mr  of  47,OOO for the  undis-

sociated  inhibitor. tland d' (nfr=oa. 32,OOO),

because of  its high Mr,  was  suspected  to be an

undissociated  aggregate  of  the smaller  poly-

peptides. The  corresponding  bands were  a]so

observed  by other  workers  (d", e",  p"', g, Ic
and  IIc). They  concluded  the existence  of

three different subunits.  In contrast,  Pick  &

Wober  observed  only  a  single  band  (Mr 18,OOO
or  11,OOe) on  SDS-PAGE  and  suggested  that

the inhibitor isolated from white  kidney

beans  (Mr 42,600) was  composed  of  three or

four identical subunits.  Frels &  Rupnow

studied  separately  their ct-amylase  inhibitors

I and  II ior subunits.  Although there were

some  similarities  with  others,  a  major  band

corresponding  te b', b", c"'  or  b (or a', a",  b"'

er  a)  was  not  found. There might  be a

possibility tliat the  bean  which  Frels &

Rupnow  used  was  a  different cultivar  (black
bean) of  P, vuigaris  having  a  some"ihat

different a-amylase  inhibitor. Moreno  et al.i`)

made  a  detailed study  of  subunits.  When

thcy  separated  the  individual polypeptides and

subjected  them  to anothcr  round  of  SI)S-

PAGE,  band  p"' partially dissociated, giving
rise  to smaller  polypeptides, whereas  the

smaller  polypeptides partially associated,  giv-
ing rise  to band  p"'. From  analysis  of  the

N-terminal amino  acid  sequencing,  they

thought  that the five polypeptides, a"'  to e"',

may  be  g]ycoforms of  two  different poly-

peptides. Only a"'  was  Endo-H  sensitive,

whereas  all  others  were  Endo-H  resistant  but

chemically  deglycosylated "Ji'th TFMS  to give
the same  x"'  (not shoiiJn  in Table; ptfr=

between d"' and  e"'),  c"' gave a  band  x"',

indicating the presence  of  a  single  complex

glycan. b"' gave also  x"',  but the mobility

was  twice as  large, indicating that it l]ad two
complex  glycans. a"'  gave  y"' (Mr: about

d"') with  Endo-H  and  x"'  with  TFMS,  in-

dicating the presence of  a  single  complex

glycan as  well  as  a  high-mannose glycan. This
interpretation corresl)onds  with  our  finding in

Endo-H  cleavage  of the growth  inhibitor.

Z  Periodate Oxidation
  Periodate oxidation  resulted  in an  initial
rapid  loss of  inhibitory activity  for porcine
pancreatic ct-amylase,  fellowed by  a  mucli

slower  loss (Fig. 4), in agreement  with  the

finding by  others,S'i`)  suggcsting  that  the

carbohydrate  moiety  of  the inhibitor plays an
important  role  for its activity.  Although

periodate is rather  specific  to cleave  glycols in
the carbohydrates,  possibility of  modification

of  the protein moiety  can  not  be excluded.

XVilcox &  "'hitaker'2} ebservecl  that the

partially oxidized  inhibitor (on one  phenyl-
alanine,  one  methionine  and  two  tyrosine Te-

sidues)  still retained  2/3 of  its original  activity,

Concerted analysis  of  carbohydrates,  amino

acids  and  ct-amylase  inhibitory activity  will  be
required  to answer  the  question.

     100
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Fi.v. 4  Effect of  periodate  oxiclation  on  the in-

hibitory  activity  t.o the porcine  ct-amylasc  of  the

growth  inhibitor.
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Fi.cr..5 Chromatography  oi  the growth  inhibitor

on  a  Biogel  I'-4 columii  after  the  digestion with

pronase  E  fer 48  hr.

8. PronaseDigestion

  It resulted  in fragmentation ef  the poly-
peptide  chain  to produce  a  mixture  of  glyco-

peptides (one major  peak) and  peptides  (three
peaks) (Fig, 5). Thc  reaction  mixture  in-
hibited neither  Iarval growth nor  ct-amylase.

Native protein moiety  seems  to be required  for
inhibition.

9. Carboh.vdrate.l'rete-in Linhage

  Powers  &  Whitakere)  suspect  that  the  carbo-

hydrates probably  is covalently  linked z,ia an

amide  linkage to  asparagine,  but  without

enough  evidence.  Lajolo &  Filho'3) suspect  that

the carbohydrate  moiety  in the ct-amylase  inhib-

itor is linked to an  asparagine  group  through

linkage with  glucosamine, because none  of  the
carbohydratcs  could  be released  under  condi-

tions for B-elimination in alkaline  conditions.

In our  study,  the glyco chain  was  rernoved  as

shown  by  the appcarance  of  pcptide  pcak

(Fig. 6) only  under  vigorous  alkaline  condi-

tions, but  not  under  milder  conditions.  This

result  indicatcs that the growth  inhibitor is
not  an  O-gly･cosylprotein, but  an  N-glycosyl-

protein. The  only  N-glycosidic bond  presently
found in glycoproteins is ALacetylgluco-
saminyl-asparagine.  The  f()11ewing inner-core
structure  is known  to be common  to all N-

glycosylprotein.
              Man  ct-1

                     ×
                       :
                     /
              Man  ct-1

e.3:EoRa2ti8:e

 o.$2

o
  too  lso  2eo

         Elution volume  (ml)

Flg, 6 Chrornatograptiy  of  the growth
on  a  Biogel P-4  column  after  alkaline

(2 M  NaOH-1  M  NaBH,,  1000C, 6 hr),
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  This  was  further confirmed  by  the incuba-
tion of  the inhibitor with  Endo-H  in the

presence  of  SDS, which  resulted  in a  maximal

70%  loss of  the glyco chain  as  indicated by  the
appearance  of  peptide  peak  (Fig. 7). After
hydrely･sis with  Ilndo-H  as  describecl above,

the unliberated  carbohvdrates  consisted  of  1                    J

fucose, 2 xylose  and  7 mannose  residues  I)er
mole  (ALacetylglucosamine was  not  quantitat-
ed).  This indicates the removal  of  most  of

Man  fi(1-4)GlcNAcfi(l-4)-GlcNAcfi1-Asparagine
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the mannose  and  the retention  ef  all the fucose
and  xylose,  in agreement  with  the  results

obtained  by "iilcox &  Whitaker,'2)

  When  a  mixture  of  glycopeptides  and!or

oligosaccharides  were  eluted  by  afiinity  chro-

matography  on  a  Concanavalin  A-Sepharose

column  with  three specified  buffers (see
materials  and  methods),  they  were  fractionated

into three classes:  (i) non-reactive  compo-

nents  eluted  with  the first buffer, (ii) weakly

reactive  components  eluted  with  the  second

buffer, and  (iii) strc)ngly  reactive  components

eluted  with  the third buffer, It has been

established  that the primary structure  of

glycopeptides  andlor  oligosaccharides  can  be

predicted by  a  fraction they  appear  in. In our

study,  glycepeptides and  the  glyco chains  of

the growth  inhibitor obtained  by alkaline  or

Endo-H  hydrolysis were  eluted  in the  (iii)
fraction, implying the high mannuse  type

naturc.

  According  te "Jilcox &  Whitaker,i2] the

intact inhibitor consists  of  three major  sub-

units,  two  of  which  retain  carbohydrates  after

Endo-H  treatment.  They  suggest  the presence
of  two  types  of  glyco chains  msensitivc  to

Enclo-H. As discussed in section  6, Moreno

et  al.")  indicate that  onlv  one  subunit  is Endo-                     J

H  sensitive,  suggesting  the presence  of  txNro

complex  glycans insensitive to  cleavage  with

Endo-H.

  The  Endo-H  insensitive glycoprotein, be-

cause  of  the similarity  in unliberatcd  carbo-

hydrate coniposition  (fucose, xylose,  mannose

and  IV-acety}glucosamine) may  have a  core

structure  similar  to the one  of  stem  bromc-

lain,20) which  has fucese on  asparagine-linked

GlcNAc  and  xylose  on  Man  adjacent  to the

second  GlcNAc.

  There are  several  discrepancies among  the

data from  various  groups, whieh  might  have

resulted  from a  different variety  of  P. vuiganls,

different purification procedures, different an-

alysis  conditions  and  others,  but from an

overall  estimation,  we  judge that our  gro"Tth
inhibitor is identical with  the a-amylase  in-

hibitor in kidney  beans.             v
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　　　　　　　　　要　　　 約

　ア ズ キ ゾウ ム シ 幼虫の 生育阻 害に 係わ る イ ン ゲ

　 ン種 子中の 生態活性 物質 の性 状

　　 　　 　　 　　 Bongotrat　Smitanond，
　Vinai　Pitiyont

　　 　　 　　 　　 　　 大 沢 貫寿 ， 本 田 　博 ， 山本　出

　 イ ン ゲ ン 種子 か ら単離 した 幼虫生育阻害物質 （収率約

3％）は分子量 （Mr ．）約 48，000， 等電点 4．46 の N 一グ

リ コ シ ル タ ン パ ク で あ り，end 。・Nacetyl ・β一D ・glucosa・

minklase 　H に 感 受性 と非感受性 の 部分 か らな っ て い た ．

SDS −PAGE で 二 つ の 主 バ ン ド （Alr ．18 ．000−18 ，500 と

正7，000−17，500）と一
つ の 小 さ い バ ン ド （M ア

凾．14，400一

15，000），そ の 他 の うす い バ ン ド を 与 え た ．糖含量は フ

ェ ノ
ー

ル
ー
硫 酸 法 で は 8．5％ ， 構成糖 （1 モ ル 当 た り

Inunnose 　20
，
　 fucose　1

，
　 xylose 　2

，
　 N ニAc −glucosamine 　15

分子） か ら の 計算値 は 15．2％ で あ っ た ．豚 ス イ 臓， ア

ズ キ ゾ ウ ム シ 幼虫 の α
一ア ミ ラーゼ を 阻 害す る が ，植物，

微生 物 起 源 の そ れ は 阻 害 しな か っ た ．ま た ト リプ シ ン 阻

害活 性， レ ク チ ン 活 性 は な か っ た ．糖部分 と タ ン パ ク部

分 の 両者 が 幼虫生 育阻 害 な ら び に α
一
ア ミ ラ

ー
ゼ 阻害 に

必要の よ うで ある．結果を 総合する と，幼虫生 育阻害物

質 は こ れ まで イ ン ゲ ン 種子 か ら単 離 さ れ て ぎた α
一

ア ミ

ラ ーゼ イ ン ヒ ビ タ ーと 同
一

な い し近似 の もの と い え る ．
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