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      RishitiT], a  norsesquiterpene  alcohol,  found  in infected, resistant  potato-tuber

   tissue cempletely  inhibited zoospore  germination  and  germtube  elongation  of

   Pdytophtithra injlestans (]v(oNT.) DE  BARy  at  IorSM. There  was  little diflhrence in

   sensitivity  to rishitin  among  races  of  Pllytophthora itijlestans. IAA-induced  elongation

   of  ALena coleDptile  sectlons  and  GAA4nduced  clongation  of  wheat  leafsections were

   also  inhibited  by  rishitin.  The  inhibition of  IAA-induced  elongation  of  Avena

   colcoptiles  was  relieved  to some  cxtent  by increasing IAA  concentration,  However,

   little relief  ef  thc  inhibition of  GA3-induced  elongation  of  whcat  leaf sec:tions

    was  ebtainecl  by  increasing  GA3  concentration.  No  plant injury was  observed  Et

   this  concentraVren  ef  rishitin  (10-3bc).
      Examination  of  a  series  of  rishitin  derivatives indicated that the hydroxyl

    group  at  C-3 is indispen$able for antifungal  activity,  This  activity  was  intensifiecL

    by  saturating  the  double  bend  between  the r:ngs  of  rishitin  and/or  that  ef  the

    isopropenyl  group  at  C-7, though  activity  decreased when  oxygenatcd  funetiontt1

    groups  were  introduced  into the  side  chain.

      Aromatization  of  the  A  rlng  did not  lower  bio!ogica} activities.  The  anti-

    fungal activities  of  most  rishitin  derivatives alinost  paralleled thelr activities  as

    plant growth  retardants,  IIowever, scme  cumpounds  without  antifungal  activity

    were  activc  as  growth  retardants.

   A  "cw  antifungal  compound  
i[rishitin"

 (Fig. 1, SvTI a) has been isolated from

petato tubers  (1, 2) and  toinato  plants (3) infected with  an  incompatiblc  race  of

Piptophthora i7Y'lestans. Rishitin, in a  broad  sense,  is probably a  phytoalexin (1, 4)
based on  )v(i'JLLER:s definition C5) that  such  compounds  are  increased strikingl>J  or

are  newly  produced  in plants in response  to infection. He  presumed  that  
:Cphy-

toalexin'' plays an  extremely  important  role  in discase resistance,  However,  as

pointed out  in a  previous paper Cl), it is neeessary  that  phytoalexin be demonstrat-

ed  in and  isolated from many  plant species,  and  that  the  biolegical properties of

such  compounds  be investigated before the  role  of  phytoalexin in host-parasite

physiology and  disease resistance  can  bc fully understood.  Here  wc  report  somc

biological activities  of  rishirin  and  its derivatives,

Abbreviations : IAA,  indole-3-acetic acid  ; GA3,  gibberellin Au,
i
 Studies on  the  phytoalexins <5).
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                          Material and  methods

Proparation of rishitin  and  its derivatives

    Rishitin was  isolated fi'om potato tubers  infected by an  incompatible race  of

Pitytophthora injlestans. Final purification was  eflected  by crystallizing  the di-3,5-
dinitrobenzoate (1), fo11owed by  hydroiysis of  the  benzoate  and  distillation in
vacuo.  Soine ofthe  rishitin  derivatives used  x-rcre  known  while  others  are  new  (Fig,
1) ; their preparation  will  be published e]swhere  (MuRAi et al. unpublished  data),

Antifitngal activity  assay

    The  compounds  wcre  dissolved in IO ;LI ofethanol  (for the  compounds  I a-Ie,
II, V, VI  a-VIc  and  VII  a),  or  bcnzene (VId) or  acetone  (III, IV  a,  IVb  and

VII b). Phosphatc  buffer (O.0I M,  pH  6.0) containing  agar  (final conc.  : O.8%)  was

then  added  and  thc  contents  of  the  tubes  poured  into stainless  steel  planchets. A
zoospore  su$pension  (O.02 ml)  of  Plp:tophthora ii!IZstans was  placed on  the  medium,

and  the  planchcts kept at  25eC for 4.5 hr. Germination percentage  and  the  growth
of  germtubes werc  determined  after  the  prcparations wcre  fixed with  Bouin rea-

gent, [I]he races  of  Plp,tophthora ity`bstans used  were  stocl<  isolates from our  Iabora-
tory,  and  their pathogenicity was  tested  just prior to use.

PVIeat leof test

    From  two-day-old  ¢ tiolated  leavcs of  TViticum aestivum,  
`Norin-75',

 5mm  sec-

tions were  excised  2 mm  from the base of  the  lea£  These  sectiens  were  floated on

l ml  of  O.02 M  phosphate  buffer, pH  5.0 containing  GA3  and  rishitin  in the  presence
of5 ×  10-6 M  IAA. Rishitin was  dissolved in ethanol  and  added  to the  test medium
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 1, Structures of  rishitin  and  its dcrivatives (VIa, rishitin).
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so  that  the final concentration  of  ethanol  "Jas  O.50,,S. 
'l'he

 Iength of  the  sections

wcre  measurccl  after  20 hr incubation (6)

Dze,aif maize  test

    Seeds of  the  ds maizc  mutant  werc  sown  in a  mixture  of  soil  aiid  vermiculite,

Before the  unfoiding  ofthe  second  leaf, a  O.1 ml  chcmical  solution  was  placed in
the  foIdcd secondi  leafaccordin.ff to the  procedure  of  PHiNNEy (7), The  compounds

were  dissolved in 25%  acetone  containing  O.025%  Twecn  20. The  lengths of

the  first and  second  Ieaf sheaths  wcre  nieasured  10 days after  treatmei'it.  These
experiments  were  conducted  in a  grecn house [[10-21eC),/

Avena  straight  groevth tes't

    Seeds of  Avena sativa  
:SfJ'ictory'

 }vere  sown  in sax･vdust  and  kcpt a.t 2i)OC under

rcd  li.c.rht for a  da>J. They  were  then  covcrcd  3 cm  thick  ",ith  sawdust  ancl  kept
in the dark  for additional  2 days. 

'Itthe
 tip 1.e-1.5 mrri  ofcoleoptilc  was  climinated,

and  endogenus  auxin  was  consunied  by placiltg them  in the  clark  for 2 hr. FroTn
the  eolcoptiles,  5.0 mm  lon.[r sections  were  excised  2mm  belew the physiological
tip. Thc  sections  s･vere then  floated on  a  test  mediurn.  Thc  basic tcst  medium

r.r.H+-;narl n  n[)  u  nl.nc,nl"e-n ki,fi]th.. AU  za n  OO,'  ,.-i..Tv."ti ,hrA TtN  A  iOl  D:oL:-:･..
LW"L"llILU

 
U.Ut.

 
.U

 IJllUntJ"aa.V  
VUILLL]

 Y.L l.
 

J.U7
 

l.
 t'o  

OLiLLUOL
 

alJU
 

lt
 

l.
 
X
 kVJ.  

-N.J)11tUIL

and  its derivativcs (I a-Ie,  II, V, VI  b, Vlc  and  VII  a) dissolved in ethanol  (final
conc,  of  ethanol:  O.59',) were  addecl  to  the  basic medium  cc);ttaini"g  O,6e,',' agar

just prior to use.  The  compeund  Vi  d was  dissolved in benzene (final conc.  of  ben-
zene:  O.59,'.' ) and  the solution  was  suspended  in the  basic medium  containing  O,6%
agar.  

'1"he
 compounds  III, IVa,  IVb  and  VIIb  were  dissolved in acetone  (fina]

conc.  of  acctone  O.59,6) and  the  solutions  addecl  to ihe  basic niedium  containing

O.6?,i6 agar.

Ph?.tseolus rooting  test

    Cuttings were  prepared  frorn seedlings  of  Pha.seolus mun,.a. o and  the  mcthod  fo1-
lowcd  thc  dcscription by SHiBAo]sA and  MiTsuHAsm  C9)

Results

Antl'fiin.aat activiij) of rishitin

    As  shown  in Fi.cr. 2 and  Table  ], the  medium  efi'ective  dose (EDs:.) Qf  rishitin

required  to inhibit the growth  ofsporc  gcrmtubes  ofPlv,ioPhthora  irijkstans was  about

2xlOH`M. Gerniination ivas  coinpleteiy  inhibited at  IO-3M. Little didl'erenee
was  observed  among  the EDs[] values  of  rlshitin  on  the  inhibition of  growth  in spore

.cr.erintubes  of  various  races.

Iifi27ct of' ri.fhitin  on  (;A3-induced growth

    GA!-induced  clongation  of  ",heat  leafS sections  werc  inhibited by rishitin  at

conccmtrations  higher than  IOM  ̀M  (Fig.. 31]. 
",Vheat

 leaf sec.tioris  showeai  no  srtgn

of  injur>' at  these  concentratioiis.  The  inhibition of  growth  ",as  not  rclicved  b}J
increasing the concentration  of  GA3  [Fig. 41]. GA3-induced  growth  of  dwarf  corn

was  inhibited by  rishitin  ('l'able 21)'. Tissue where  rishitin  was  applicd  at  concen-

trations more  than  I inmoleiplant  lost its green celor,  In spite  ofthe  strong  gro'Nvth
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         CONCENTRATION(M}

 Effect of  rishitin  on  the  growth  of  zeosporial  germ-
in race.O  of  Pdytophthora i,iflestans.
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Fig.3, Effect of  rishitin  on  the  elengation  of  wheat  leaf

sections  induced  by  GA3  at  3xIO-SM,

                  Table  1
inhibition of germtube etongatien  of the spores of' Phytophthora  infestans dy rishitin

Pdytophthera injlestans EDso

Race  ORace

 1Race
 3Racc

 4Race

 2, 3, 4
Race  1, 2, 3, 4

2. 1 ×  10-･4 M

2.1× 10-4M

2.1× 10-4M
2.2 × 1e-4M

2.4× 1O-4M
2.4 × 10-4M
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Fig,4. Efflect of  various  amounts  of  GAs  on  the  inhibition oi'

growth  of  isiheat  leaf sections  caused  by  rlshitin  at  10-3M.

               Table  2

opect of rishitin  vn  CA3-induced grote)th of dtoa(f corn  
a

'1'GAsb

GA, Rishitin concentration  (mmoles,/plant)
o O, 1 1 10

lst Leafsheath (cm)

2nd  Leafsheath  (cm)
Sum  (cin)

   <%)

1, 84± O, 23 4, 56 .le. O. 41 5. 00± O. 54

2. 24 ±
-
 O. 03 l3. 15± 1. 07 11. 65± O. 89

4, 08 ±. O. 26 17. 71± O. 11 16. 65+O,  l3

   100 434  408

4, 60 ±. O. 59

11. 30 ± O. 60

15, 9e± O. 92

   390

2. 77± O. 22

6.05 ± 1.01

8.82 ± 1.41

   206

"
 Average of  5 plants with  standard  error.

b
 Ten  geg of  GA3  was  administcred  to each  plant.

inhibition, the  leaves of  GA3- and  rishitin-treated  dwarf  corn  resunied  normal  lcaf
fbrm  and  did not  show  the typical  dwarf  form.

EZ7lect of rishitin  on  IAA-induced groib',tlz of Avena  coleoptile

    As reportcd  in a  previous paper //11), IAA-induced  elongatioll  of  isolated Avena
coleoptiles  was  completely  inhibited by  rishitin  at  le73 M.  Avena colcoptiles  showed

no  apparent  sign  ef  injury at  this  concentration.  The  inhibition of  growth  was

relieved  to sornc  extent  by  ;'ncreasiTig IAA  concenti'ation,  The  reliefof  inhibition,
however,  svas  not  complete  (Fig, 5), Rccovery fi'oin inhibitlon duc to 1O-S M  rishitin

by increasing IAA  concentration  was  reported  in a  previous paper (1)/,
    THoMAs  ei al. <IO) reported  that  the  abscisic  acid  inhibition of  IAA-induced

growth of-'lvena  coleoptile  was  relieved  when  GA3  i-,as  added  to a  medium  containing
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1aTng per liter of  IAA.  A  similar  experiment  was

slight  rcvcrsal  of  inhibition by GA3  was  observedcarned

 out

(Fig. 6).Nvithrishitinand

Promotion of ad['entitious  rootformation  by rishitin

   Rishitin at  10-4M-5 × 1O-`M promoted adventitious  root  formation in hypo-
cotyles  ofPhaseolus  cuttings  (Table 3 and  Fig. 7), No  sign  ofiTijury  iNras  observed

at  these  concentrations.  However,  when  plants were  treatgd  with  rishitin  at  con-

centrations  greater than  10-3M fbr 24 hr, irijury was  observed.
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Promotion

        Table

of adventitious  root3formation  bvrishitin a

Concentrationof  rishitin  CM)
o IO-4 3 × 10" 5× 10-4

Number

Lengthof

 roots

of  rootingzone  (cm)

7. 67± O, 51

6.62± 3,OO9.

 43 ± O, 69

8. 07 ± 2. 449,

 51 ±, O. 89

8. 03 ± 2. 9210.

 15± e, 98

15. 52± 1. 87

a
 Numberof  roots,averageof  20cuttmgswithstandarderror.

Biolegical

   Table

actitities  of4nshitinderitutices

CompoundInhibition
 of  zoosporial

  germtube"  growth

Percentage inhibition
   of  zeospores"

    germlnatlon

    Inhibitien of

IAA-induced  growth  of

   Auena celeoptile
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Biologicat activities  ofrishitin derivatives

    The  antibiotic  and  plant-growth retarding  properties of  rishitin  derivatives
are  shown  in Table  4. Compounds  I a, V, VI  b and  VII a  were  more  active  than
rishitin

 
in

 
inhibiting

 zoospore  germination of  Pnj,tophthora i,zfastans. Although com-

pound VI b had  ]ittle eflbct  on  the  elongation  of  zoosporial  germtubes,  it signifi-

cantly
 reduced  the  percentage germination  of  zoosperes.

d,,i.l:P,3,gZgilA'g,9f,isw,itg'3",,Xf,L","A:S".ze,1.lrs.rlf*,,,og,A"e.'{.c:ko,?tlLe.By.J.hs

;eVtaard:nhtifh 
ShOWed

 
nO

 
antifungal

 
activity

 
was

 
as
 

active
 as rishitin  as  a growth

Discussion

,,.,,Rli'IY","n./i.bRte,%h,e.e.i:"i.a.`i?7,gf.:zogeps.re..g.e',m,ggb,2s.,2f,iiky.`,op,,h`.kg:･att,ft(･Zg

:,i.e./.e`h.Og, 21C,So,efi2,gls,s".'.zr,e.r,el･2rv:l wwsglits,:o.,gi:gti,"fi,,a,}.i,",d.gg p,"･gk`?"

 sensitive  to the  pisatin,                       NoNAKA  (14) reported  that ipomeamarone,  another  phy-
 toalexin,  was

 
more

 toxic to  fungi which  are  nonpathogenic  to sweet  potato than

 to those  which  are  pathogenic  to sweet  potato. Our  results  indicate that  there

 ltras. 
1.ittle

 
diflerence

 among  the  sensitivities  of  the  races  of  Plp,tophthora itlflestans to

 rishitin,  although  the pathogenicity of  the races  is quite difllerent from each  other,

     Our  experiments  indicate that  rishitin  acts  also  as  a  plant-growth retardant.

 Inhjbition,of GA3-induced  growth of  wheat  Ieafsections by rishitin  was  net  relieved

l.Y,l.g,P,i.gSi:,g,:PS,Ein.C.e",i,gZti:,",if.?,"s",.,".t,gLS,".i:kRco.",c,e"aza,/j,o,"s.,w,h.e,r,e,,g,;g.wge
section  growth caused  by a  definite amount  of  the  inhibitor was  about  the  samc

regardless ef  the  amount  of  IAA  supplied.  Accordingly, the  inhibition of  IAA-
mduced

 growth  by rishitin  seems  to resemble  that by  2,4-dichloroanisole (i5) and

heliangine (I6).
    Some  sesquiterpenoids;  e.g., abscisic  acid  and  heliangine, are  known  te  have
plgnt-growth  retarding  activities.  The  above  facts show  that  rishitin,  a  new  ses-

quiterpenoid, also  has biological activities,  which  are  plant-growth retardant,

Begayse
 
of

 this, it was  interesting to investigate the  relationship  between biologieal

if,i:a]l,:
iG.'

,Fe!ig.p.

Coh

,:r.

Md,k.CZ-L,g,g,r//Ctiig r

i.la:,iill:･,ic,1
'

g
t

l.bf,olu:r7e

a

)･.I
C

:.i:eVl.
'h'

,i/,ift
r

i:.kil'LIYge,g.S.:2bl,ix
C

/Ti,i:,f,
'

E
the.

 
t,wo

 
rings

 andlor  that of  the  isopropenyl group  does not  reduce  antifungal

activity,  that introduction of  oxygenated  functions into the sicle chain  decreases
activity,

 
and

 that aromatizarion  of  the  A ring  dees not  reduce  antifungal  activity,

    With few exceptions  the  inhibition of  zoospore  germination  by most  rishitin

derivatives          paralleled their  efll:cts  on  zoosporial  germtube  elongation  and  Avena
coleeptile  growth, Acetylation of  the  C-3  hydroxyl group  did not  reduce  inhibition
of  zoospore  germination, but it abolished  inhibition of  germtube elongation  and

Avena     coleoptile  growth.                        Compound  IVa  had  almost  the same  Awena-growth
retarding  activity  as  rishitin,  but had little antifungal  activity.
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   AItered plant metabolism  and  fbrmation of  a  barricade tissue  zone  are  known

to be caused  by wound  or  infection cl17)', Rishitin is pr'esent in tuber  tissue  acl-

jacent to  brown  Icsions caused  by  infection (J) in amounts  suMcicnt  to act  as  a

plant-growth retardant.  Accordingly, rishitin  can  reasonably  be supposcd  to play
a  re]e  in th.e host p.]ant ri.].e'tabolisrx.]., as  wcll  as  in the  inhibit-ian of  fungal develol)-

ment  in diseased tissue,  Further invesiigation into the mechanism  of  the  biologi-

cal  activitv  of  rishitin  is needed  to  clavifV  the  mechanism  of  disease resistance  of       " v

potato plants to parasites.
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