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   Effects of  N-cyanomcthyl-2-chloroisonicetinamide  (NCI) on  respiration,  lipid metabo-

lism, polyamine biosynthetic  enzymes,  and  activities  of  lipoxigenase {LOX) and  peroxidase

     in rice  plants  were  investigated  in terrns of  resistance  against  rice  blast disease. The
(POX)respiration

 in glycolytic process which  supplies  NADPH  was  stimulated  by  submerged  appli-

cation  of  NCI  in compatible  plants inoculated  with  P. oryzae,  whereas  the respiratiDn  related

to TCA  cycle  which  is represented  by  oxidation  of  acetate  was  not  affectcd.  Incorperation

of  [2-i`Ciacetate into lipids was  enhanced  remarkably  in the  NCI-treated,  inoculated  plants

at  36 hr after  infection. Activities of  ornithine  decarboxylase  (ODC) and  S-adenosyl-meth!o-

nine  decarboxylase (SAMDC) werc  suppressed  about  50%  in inoculated  plants, whereas  such

suppression  was  not  observcd  in NCI  trcated plants, No  remarkable  change  in ODC  
and

SAMDC  activities  may  account  for steady  resistance  of  the planbs against  the 
invading

 patho-

gens. The  activities  of  LOX  and  1'OX  were  significantly  augmented  by  infection of
 
NCI-

treated plallts, which  appcared  to  be shifted  to an  incompatible  variety.  These  results  
indi-

cate  that NCI  has  a  priming eficct  relatcd  to  the  resistant  reaction  of  rice  plants  
te

 
the

pathogen,

            INTRODUCTION

  N  - Cyanomethyl  - 2 - chloroisonicotinamide

(NCI) is a  nonfungicidal  anti-rice  blast agent.t)

Irrespective of  the non-antifungal  activity

agaillst  P, ei:J,aae  in vitro,  NCI  was  good  in

controlling  rice  blast diseasc when  applied  to

rice  plants via  roots.')  In rice  plants treated

with  NCI, extension  of  invading mycelia  was

inhibited, and  typical  minute  brownish lesions

were  formed.i) The  lesion-type rice  blast ap-

peared to be closely  involved  in the resistance

of  rice  plants against  infection with  P. orT-yxae.2]

Such  action  of  NCI  on  the host plants implied

induetion or  enhancement  of  defence rcaction

of the plants against  the disease. In general,

plants respond  to  pathogen infection by  pro-
ducing physical and  chemical  barriers.S) Al-

though  even  susceptible  plants possess such  a

mechanism  necessary  for resistance,  it is con-

sidered  to be not  activated  to  a  suMcient

magnitude  and  speecl  to restrict  the infection.`)

  We  have studied  the action  mechanism  of

NCI  in terms  of  host-parasite reaction.  This

paper deals with  effccts  of  NCI  on  some  bio-

chemical  responses  associated  with  disease

resistance  of  rice  plants, i,e,, respiration,  lipid

metabolism,  polyamine biosynthesis, and  ac-

tivities of  lipoxigenase (LOX) and  peroxidase

{POX).

       MATERIALS  AND  METHODS

1. Rice Plant and  Fungus

  Two  rice  cultivars,  Musashikogane and

Aichiasahi, were  used  in tbis experiment.

Rice seedlings  were  raised  with  soil  mixture

in plastic pots. The  isolates of  Ilyricularia

o7:}rvae CAv, used  were  P  2 (race O03) and  Hoku
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1 (race O07). Both  strams  were  compatible

with  Musashikogane and  Aichiasahi,

2. Treatme"tuithNCI

  Method  1: Potted  rice seedlings  (Musashi-
kogane)  in the 3.5th leaf stage  were  sub-

mergedly  treated with  granulated  NCI  at  a

rate  of  240g  a.i.flOa  and  cultivated  in a

greenhouse for 10 days,

  Method  2: Seedlings in the 2nd  leaf stage  in
a  pot (90 ml  in volume)  were  placed  in a  plastic
cup  <150ml in volume)  containing  50ml  of

NCI  (2.5mg) suspension  and  cultivated  for
5 davs.    .

3. Inocu･latien

  The  pathogen "Tas  inoculatcd  by  spraying

spore  suspension  of  P, ory2ae  to  the plants.
The  plants were  incubated at  25 

OC
 ior 17hr

in a  moist  chamber  ancl  transferred  to the

greenhouse,

4. ResPiration

  Rice  plants prepared  by  Method  1 were

Mrashed  with  water  to remove  soi]  particles
and  inoculated with  P  2 (race O03, compatible),
Twelve  hours after  inoculation, three rice

plants were  transferred  to culture  solution

(30ml> containing  37kBq  of  [1-"C]acetate
<O.l mM)  or  d-[U-i`C]glucose (O,l mM)  in a

glass jar and  kept in the dark. The  glass jar
was  continuously  ventilated  with  air,  and
"C02

 was  trapped  in O.5 N  NaOH  solution

(100ml). Radioactivity in aliquots  of  the
trapping  solution  was  determined  by  liquid
scintillation  counting  (LSC).

5. Lipial M'etabolism

  Inoculated  rice  plants prepared by  Method
1 were  cultivated  in culture  solution  (30ml)
containing  37 kBq  of  [1-i`C]acetate (O.1 mM).

The  leaves were  harvested  at  designated  inter-
vals,  and  incorporation of  [1-'`C:acetate into
lipids was  measured,  The lipids were  ex-

tracted according  to the method  of  BIigh.5)

6. M'easurenzent of Enayme  Act･ivities

  Inoculated leaves prepared by  Method  l
or  Method  2 "rere  harvested at  indicated times,
and  enzyme  activity  i'n the leaves was  deter-
rnined.

  Lipoxygenase (LOX) activity  was  assayed  as

the initial rate  of  peroxidation of a  fatty acid

substrate  by  a  procedure developed  by  Namai

et al,:6)  Leaves were  homogenized  with  a  10
times volume  (w/v) of  Macllvaine buffer (pH
6,4), and  the homogenate  was  centrifuged  at

300exg  for 20 min.  Then  2ml  oi  the super-

natant  was  aclded  to 2 mg  of  sodium  linolenate
in 2ml  of  O.1 M  Tris-HCI buffer (pH 7.5), and

the mixture  was  incubated at  22 
OC

 for 1hr.
After incubation, 1 ml  of  O.1 N  HCI  was  added

to stop  the reaction,  and  the  mixture  was

extracted  with  2ml  of  diethyl ether,  One
milliliter  of  the ether  extract  Was diluted with
9ml  of  ethanol,  and  ultraviolet  absorptien  of

the solution  was  monitored  with  a spectro-

photometer at  234 nm.

  Activities of  arginine  decarboxylase  (ADC),
ornithine  decarboxylase  (ODC) and  S-adeno-
sylmethionine  decarboxylase <SAMDC) were

determined  by  measuring  the 
i`C02

 released

from  indicated substrates  according  to a  meth-

od  modified  from Akiva  Apelbaum's:T)  Leaves
were  homogenized with  a  4 times vo]ume  (wfv)
of O.25 M  Tris-HCI (pH 8.0) containing  25 paM
pyridoxal  phosphate aiid  10m}f  DTT.  The
homogenate  was  centrifuged  at  IO,OOOxg  for
20 min  at  4 

OC.
 One  hundred  microliters  of  the

supernatant  was  added  to a  reaction  mixture

containing  ene  of  the indicated substratcs,  8 n
moles  pyridoxal  phosphate and  O.32 ptmoles
DTT  in O.2 ml  of  l25 mM  Tris-HCI  (pH 8,O),
The  labelled substrates  used  were  3,7 kBq  l-[1-
i`Ci-argininemonohydrochloride(I2.7GBq/mM;

Amersham  Chemical Co., U.K,} and  l-[1-i`C]/-
ornithine  hydrochloride  C2,18 GBq!mM;  Amer-
sham  Chemical Ce., U.K.) for assay  of  ADC
and  OI)C activity,  respectively,  They  were

diluted with  unlabelled  arginine  or  ornithin  to

give a  final concentration  of  1 mM.  F()r assay
of  SAMDC  activity,  3.7 kBq  l-[1-t`C]-S-adeno-
sylmethionine  (2.04GBqlmM; Amersham
Chemical Co., U.K.) was  used  as  a  substrate

without  dilution with  anv  unlabelled  sub-                       v
strate.  Each  reaction  was  carried  out  in test
tubes  sealed  with  plastic caps  fitted with  a

filter paper  disc impregnated  with  O,5ml  of
109!. NaOH  aq.  The  tubes  were  incubated at
45 

OC

 for 30 min.  The  paper discs were  then
transferred to scintillation  vials  containing  20
ml  of  scintillation  liquid (Aquazol-2, New
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England  Nuclear Co., U.S,A,), and  their radio-

activity  was  determined with  an  Aloka LSC-

IooO scintillation  counter.

  Peroxidase  (POX) activity  was  assayed  by

the increase of  absorption  at  420nm  using

guaiacol  as  a  substrate.8)  Leaves were  homoge-

nized  with  a  40 times volume  (wlv) of  O.1 M

acetate  buffer (pH 5.0>, and  thc homogenate

was  centrifuged  at  !3,OOOxg  for 20 min.  The

supernatant  (enzyme extract:  O.2ml) was

mixed  with  3ml  of  0.1 M  acetate  buffer (pH
5.0) containing  O.03%' of  guaiacol. Enzyme

reaction  was  started  by  adding  0.1ml  ef

O.08%  H202, and  absorbance  at  420  nm  was

Tecorded  for 2 min  at  30 
CC.

        RESULTS  AND  DISCUSSION

1. Respimtion of Rice Plants I?ofbcted u,ith

   Rtice Blast Fttngus
  The  '`C02  evolution  rate  from  [1-i`Clacetate
or  d-[U-"C]glucose in rice  cultivar  Musashi-

kogane  in the 3.5th leaf stage  inoculated with

Pyn]c"lart:a oz),zae  P-2 (race O03, compatible)  is

respectively  shown  in Fig, 1 or  2, (B) in these
figures shows  the change  of  the 

i`C02
 evolution

rate  in plants treated with  N-cyanomethyl-2-

chloroisonicotinamide  <NCI) by  granular ap-

plication 10 days before inoculation and  {C)
that in those treated with  probenazole,
  Evolution of  t`C02  derived  from [1-t`C]-
acetate  reacbed  a  maximum  at  20hr  after

inoculation, and  thereafter decreased gradually

(Fig. 1). The 
i`C02

 evelution  rate  obviously

differed between  inoculated and  non-inoculated

plants 20 hr after  inoculation: the  rates  from

the  former were  about  2,1 and  l.2 fold higher

than those of  the latter at  I6 and  20  hr after

inoculation, respectively.  There was  no  sig-

nificant  difference between the NCI-  or  pro"
benazole-treatcd plants and  the control  in the

augmentation  of  respiration  after  inoculation.

  Evolutien of  
i`C02

 derived from d-[U-'`C]-

glucose in plants treated with  NCI  or  pro-

benazole increased temporarily, reaching  a

maximum  at  24 hr after  inoculation <Fig. 2),

Then  it quickly  decreased to under  the level of

non-inoculated  controls  at  28 hr after  inocula-

tion. In untreated  plants, the time-course

changes  in the rates  were  similar  regardless  of

inoculation. This transient augmentation  oi

respiration  rate  of  NCI-  or  probenazole-treated
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Fig. 1 Time-course  of  
i4C02

 evolution  from

[1-i4C]acetate in rice  plallts.

Rice  plants wcre  inoculated  by  spraymg  
a

 
coni-

dial suspension  of  blast fungus.  After  incuba-

tion  in a  moist  chamber  for 12hr, the plants

wcre  transferred to cultured  solution  containing

O,1 mM  i4C-acetate  and  kept  in thc dark.

Cultivar: Musashikogane, Inocula:  P  2 (race
O03).e,

 Inoculated;  o,  Non-inoculated.

plants at  24 hr after  inoculation was  observed

in three  separate  experiments.  Sekizawa9)

observed  that the  time  of  maximum  rate  and

the half-life time  of  respiration  burst shifted

as  in an  incompatib]e combination  even  m  a

compatible  infection by  the application  of

probenazole. In incompatible combination,
                                '
rice plants showed  a  rapid  but transient  aug-

mentation  of  respiration  by  being infected with

rice blast fungus.'a) Altheugh the  increased
                                      '
rate  of  respiration  at  24hr  was  not  so  sig-

nificant  in the above  experiment,  these  results

indicate that the metabolic  tumover  of  gly-
colytic  pathway  in the infected plants was

affected  by  the application  of  NCI  or  pro-
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Fig. 2 Time-course  of 
i4C02

 evolution  from  d-

[U-"C]glucese in rice  plants,

Cultured  solution  contained  O.1 mM  
i4C-glucose.

Other  conditions  were  the same  as  in Fig. 1.

Cultivar: Musashikogane,  Inocula: P 2 {race
O03>.e.

 Inoclllated; o, Non-inoculated.

benazole. Plants appeared  to react  to in-

oculation  with  an  increased biosvnthetic ac-

tivity and  eventually  cause  change"s  in the rate

ef  respiration.

  In many  cases  an  increase in the respiration

rate  has been  observed  at an  earlier stage  after

ineculation in resistant  than  in susceptible

plants.i',i2} It suggests  that disease resistance
based on  incompatibility between host plant.
and  pathogen  may  be associated  with  energy-

requiring  processes. It should  be noted  that
our  present data  indicates that the rice  plant
respiration  in glycol.v･tic process which  can

supply  NADPH  was  stimulated  by  fungal in-
fection in compatible  plants treated with  NCI

or  probenazole,  while  respiration  related  tQ
TCA  cycle,  which  is repre$ented  by oxidation

of  acetic  acid,  -ias  not  affected.

2. Elffkct of ATCI on  Lipid Metabolism ivt Rice

   Plants I?ijticted wilth  Rice  Blast l;ungors

  2uantitative ehanges  in [l-i`C]acetate in-
corporation  into the  total Iipids in rice  plants
are  shown  in Table 1. In response  to infection
incorporation of  [1-i`C]acetate into the total
lipids decreased to about  57%  of  the  centrol

aiter  12 hr of  inoculation in each  experimental

section.  This decrease could  be, at  least in

part, due  to the enhanced  utilization  of  [1-i`C]--
acetate  for respiration.  At  36hr  after  in-
oculation,  incorporation in untreated  plants

Table  1Incorporation  of  [1-i4C]acetate into lipids innce  leaves.

Time  after

inoculation

   (hr)

I`g i4C-acetate  Eq/g  fresh weight

Incorpo-
 ration

Untreated NCI Probcnazolc

Non-IRL IRL )lon-IRL IRL )Con-IRL IRL

12 LipidsOthers Lll5.46 O.575.64 O.906.85 O.625.62 1.115.94 O.575.90

Total 6.57 6.21 7.75 6.24 7.05 6.47

36 LipidsOthers 1.086.26 1,106,22 1.096.32 1,627.52 O.865.90 1.646.78

Total 7.34 7.32 7.41 9,14 6.76 8.42

Conditiens  oi  inoculatien  and  incubation  were  the  same

cultured  solution  containing  O.1 mM  i4C-acetate  after  12
grecnheuse  for 7 hr.

Cultivar: Musashikogane.  Inocula:  P2  (race O03).
Others  denote  water-seluble  substances,

as  in Fig. 3. Plants  were  transferred  to

or  36 hr  oi  inoculation and  kept  in the

IRL:  Inoculated  rice  leaves.
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recovered  to the level in uninfected  plants. In
contrast,  a  marked  increase was  observed  in
NCI-  or  probenazole-treated  plants (150% for
NCI  and  about  1909,6 for probenazole), It has

been reported  that total lipid or  free-sterol

concentrations  increased in diseased or  darn-
aged  tissues of higher plants, although  the
lipid or  sterol  content  in different varieties  of

p]ants was  not  related  to their susceptibility  or

re.istance  to the I)athogens,i3,i`) In sweet

potatoes, incorporation of  [1-i`C]acetate into

lipids was  enhanced  several  fold during thc
first 4 hr after  cutting.`5)  Ku6  described that
the rapid  synthesis  of  fatty acid  and  their

incorporation into new  mcmbrancs  may  be a

key factor of  the repair  mechanism  to return

the tissue normal.i6)  Accelerated fattv acid

metabolism  was  observed  bv  Ohata  iii a  re-

sistant  cultivar  of  rice  plants infected with

Cochlioboltts mivabeanits.'7)  The  increase of
              "

i`C-]ipid
 accumulation  in NCI-treated  rice

plants at  36 hr after  inoculation may  be cor-

rclated  to resistant  reaction  of  the plants
against  blast infection.

S. EnxLvmesAotiv-ity

  Time-course  determination  of  lipoxigenase

(LOX) activity  in rice  leaves <8.5th leaf stage,

Musashikogane) treated with  NCI  or  inoculated
with  strain  P-2  is sho"Tn  in Fig. 3. In the

leaves from plants treated with  NCI, LOX
activity  was  remarkable  within  24hr  after

inoculation and  gradually dcclined, while  the

activity  continued  to increase until  7 days in

the inoculated, untreated  leaves.

  LOX,  "rhich  is active  in wounded  tissues,G,tS)

may  be one  of  the primary defence factors
functioning in most  plants, and  its products
can  act  as  direct antimicrobial  agentsi9)  or

elicitors  of  disease resistance  mechanisms,20)

The  activity  of  LOX  in rice  leaves was  en-

hanced by  infection of  blast fungus and  ac-

celerated  by  treatment with  NCI,

  Figure 4 indicates changes  in arginine

decarboxylase (ADC), ornithine  decarboxylase

(ODC) and  S-adenosylmethionine decarbo-
xylase  (SAMDC) activities  in NCI-treated and

untreated  ieaves (3.5th leaf stage,  Musashi-
kogane) after  inoculation. ADC  activity  did not

change  significantly  during infection to leaves.
Changes in ODC  activity  in both NCI-treated
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Conditions  of  inoculation and  incubatien  were  the

same  as  in Fig, 3, Enzyme  activity  was  shown

by  the amount  of  
i4C02

 production,
Cultivar: Musashikogane.  Inocula:  P  2 (race
O03).O.

 NCI  treated; e, NCI  untreated.
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and  untreated  leaves "Tere  very  similar  to those

in SAMI)C  activity.  ODC  activity  in un-

treated leaves began to decrease at  14 hr after

inoculation, reaching  the lowest level (about
500/(-, of  that in non-treatcd  ones)  at  48 hr, In
contrast,  the activity  in NCI-treated leaves

only  slightly･  decreased  during  72hr.  The

significance  of  this with  regard  to resistance  or

susceptibility  to  iniection is unknown,  but it
has shown  that polyamine metabolism  is ex-

tremeLy  sensitive  to  changcs  in the external

environment.Zi]  The  putrescine content  of  oat-

leaf cells  and  protoplasts increases witliin  6lir

of  exposure  to osmotic  stress.Z2) Increased

ADC  activity  parallels the rise  in putrescine,
whereas  ODC  activity  remains  unchanged.22)

The  decrease of  ODC  and  SAMDC  activity  in
blast-infected leaves without  treatment  is

pessibly the reflection  of  physiolegical disorder
or  inhibition of  metabolisni  in host cells  caused

by  infection of  pathogen.  No  remarkable

change  of  such  activity  caused  by  NCI  may

account  for steady  resistance  of  thc  plants
against  the  invading pathogens in our  experi-

ment.

  Figure 5 shows  changes  in peroxidase (POX)
activitv  after  inoculation "dth  Heku  1 in the
top  le5ves of  plants treated or  non-treated

with  NCI,  In the NCI-treated plant leaves,

POX  activity  increased rapidly  after  inocula-
tion, reached  an  maximum  within  24 hr, and
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Fig, 5 Time-course  determinatien  of  perexidase
activity  in blast-infected rice  leaves.

Collditions of  inoculation and  incubation  weTe  the

same  as  in Fig. 3. POX  activity  t{,as  shown  by

the  increase of  absoiption  at  420  nm  per  minute.

Cultivar: Aichiasalii. Inocula:  Hoku  1 (race O07}.
e,  Inoculated  ; o, Non-inoculated.

eg2g  SIZut4ff5E

declined thereafter. In the NCI-untreated

leaves, increase of  the  activity  delaycd but

continued  up  to 7 days. It has been reported
that POX  activity  rapidly  increased in rice

Ieaves within  24hr  after  inoculation in an

incompatible combination  of  rice  cultivar  and

blast fungus  race,  while  it increased slightly  or

did not  increase in a  compatible  combination

at  the early  stage  of  infection, but gradual
increased 3-5  davs  after  inoculation, eventual-

ly exceeding  tha{ of  an  incompatible  combina-

tion,23) By  NCI  treatment, the pattern of

enz>rme  activity  in Aichiasahi Ieaves inoculated

with  a  cempatible  race  appeared  to be con-

verted  to that in cultivar  leaves in incom-･

patible combination,  The  enhancement  of

POX  activity  is reported  to be closely  related

to the resistant  reaction  of  the host plant to a

pathogen,t`) with  POX  acting  as  a  catalyst  of

lignin biosynthesis. Ku6  and  co-workers  have

showed  that  resistant  cucumbers  were  rapidly

lignified when  infected by  C. cucwmerinum,

particularly in cells  adjacent  to the site  of

invasion. Lignification was  also  observed  in

susceptible  cucumbers,  but the  reaction  was

delayed  until  after  the pathogen had  ramified

into the tissue.25,26) Thus  timing  of  increase in

POX  activity  appcared  critical  to resist  the de-･

velopment  of  the  pathogen in the host plants.

  When  rice  plants were  treated with  NCI  by

subrnerged  application  and  subsequently  in-

oculated  with  P. oryzae,  the respiration  and

Iipid metabolism  in the  host plants were  en-

hanced and  the activities  of  LOX  and  POX

were  accelerated  or  increased. These  facts

suggest  that the mode  of  action  of  NCI  in rice

p]ants is similar  to that of  probenazole, which

is known  as  an  anti-rice  blast agent  that

induces the resistance  in host  plants,27,2B>
Howcver,  NCI  and  probenazole have  no

similarity  in their chemical  structures  (Fig. 6).

ISurther studv  to etucidate  the action  mechan-           .
Ism  ls m  progress,

   Cll OCH,CH={iil,

  h/D-coNHcH,cti  @1.11rX,N
                             oo

     HCI Probenazele

  Fig,6  Cheinical structures  oi NCI  and  pro-

  bcnazole.
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要 約

　 イ ネい もち病防除に お け る N 一シ ア ノ メ チ ル ー2一

　 ク ロ ロ イ ソ ニ コ チ ン ア ミ ドの 作用 機構

　　　　瀬口 宏一郎，黒 滝美音子，関戸茂子 ， 山 口　勇

　N −Cyano 皿 ethyl −2−cbloroisonicotinamide （NC1 ＞

は 非殺菌性の イ ネ い もち 病防除化合物 で あ る．プ ラ ス チ

ッ ク ポ ッ トに 育 成 した 3．5 葉期 の イ ネ に NCI を水面施

用 し， イ ネ い もち病菌分生 胞子 を 接種す る と 16 時間後

か ら イ ネ 葉 の 呼吸が 上昇 した ．1
℃ 酒乍酸 を 基質 と した 場

合 ， NCI 処 理 区 と 無処 理 区 で
ユ4CO2

の 生 成増 に 顕著 な

差は なか っ た ．一方 ，

14C 一
グル コ ース を基質 とす る と，

感染初期 に NCI 処理 区で
一

時的 な
14CO2

の 生 成増が 認

め られ た ． ま た ， 粗脂質 へ の
1℃ の 取 り込み は ， 感染

36 時 間 後 に は NCI 処 理 区 で 増加 が 認 あ られ た ．ポ リ ア

ミ ン 生 合成 に 関与 す る ア ル ギ ニ ン 脱 炭酸 酵素 活性 は

NCI 処理 に 関係な く胞子接種後い ずれ も経 時的 に 微増

した が ， オ ル ニ チ ン 脱炭酸酵素活性 と S一ア デ ノ シ ル メ

チ オ ニ ン 脱炭酸酵素活性 は NCI 処 理 区 で は ほ と ん ど変

動 せ ず ， 無処理区 で は 減少 し た ． こ れ ら の 結果 は NCI

に よっ て 罹病時 の イ ネ体に お け る解糖系と脂 質代謝が活

性化 され て い る こ と を 示峻 して い る，ま た ，ポ リ ア ミ ン

代謝 は ス トレ ス に 対 して 敏感 に 反応す る こ とか ら ，
NCI

処 理 イ ネ 体 に お け る 感 染後 の ポ リ ァ ミ ン 生合成関連酵素

活性減少 の 阻害 は ， イ ネ 体 の 感染 に よ る組 織ダ メ ージが

抑 制ざ れ て い る こ と を 示 し て い る．リ ポ キ シ ゲ ナ
ーゼ 活

性 とペ ル オ キ シ ダーゼ 活性 は NCT 処理 に よ っ て そ の 合

成時期が速め られ，非親和性 の 組合せ で 見 られ るような

消長を 示 し た ．
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