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      Helininthosporo], helminthosporic  aeid  anddihydrohelminthosporje  aeid

     sbimulated  
'nv.

 pGcotyl elongatien  of  light-grown eueumber  seedlings.  The
     relative  activities  of  the  t17.ree aomTiounds  were  in the  order  H2-H-aeid>

     H-aeid> H-ol, The  higher  the dosage, the longer the proino ±･ion of  the

     hypeeotyl elongation  lasted. The  response  o'E the hypocotyl to H-aeid

     depended on  the presence  of  eotyledons.  As  the amount  of  Lhe cotyledon

     attaehed  to the hypocotyl  was  redueed,  the response  deereased,

      When  IAA-oxidase was  estimated  as  IAA  rrietabolized  per dry weight･

     of, the hypocetyl, there  was  an  inxrerse relationship  between IAA-

     exidase  activity  and  H-ol-indueed elen.crat･ion ef  the  hypoeotyl. However,

     there was  no  difference between eontrol  and  H-o] treated materials  when

     IAA  metabolized  per plant was  compared,  lt is unlikely  that  the

     mechanism  of  II-ol action  is elesely  related  to IAA-oxidase  activity  of

     the plant,

  [I]AMuRA et  al. isolated a  new  growth  prornot,ing substanee,  H-ol, from

fungus, Hkil･]n";･nthosperium sativztm,  The  riee  seedling  test was  used

bioassay (1),. This eompound  has the fol]owing structure  (H-ol).
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  Helminthesporol  has been reported  to promete  leaf sheath  elongation  in

many  cu}tures  of  Tiee  (e, 3]p, h},poectyl elongat･1/on  i'n light-gro"rn eueurnber  (3)

 Abbreviatiens: II-ol, helminthosporol; H-aeid, helminthosporic aaid;  H!-H-acid.
dl,h.yfireheliminthcsp･orl,e t',eid: IAA, indole-:-acei.ie aaid;  GA:J, .ff.

 ibberellin Ar,,
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and  dark-grown iettuee seedlings  (4). It prometes  cr-amylase  aetivity  in em-
bryoless barley endosperm  (5, 6) and  riee  endosperm  (7). Breaking  of dDrmancy
of  artiehoke  tuber by H-ol has been reported  (8) , Helminthosperie aead  and  H2-
H-aeid, derivatives of  H-el, are  al/so bielogi.cally ti.ctive in these assays  (4,5,
8, 9). The authors  have shown  that H-ol. i/[-aeid and  H2-H-aeid are  aetive

in leaf sheath  elongaticn  of  otzga･ofL5 mutants  ef  ma{ze  UO), Helminthosporol
and  H-aeid have recently  been reported  t･o be act:,ve  in several  ether  biolog-
ieal systems  (R-13). 0n  the other  hand, H-ol/ is inaetive in the dwarf  pea
assay,  the dwa7rfLl and  d･zvar.fl2 rnaize  assays  and  the lettuce seed  ger.mina-
tion test. It is also  lnactive in the pea  strai.vht  growth  test fer auxin  (3),
The pattern  of  growth  indueed by H-el and  its derivatives is very  simil/ar  to
that indueed by gibberellins. In this paper  the authors  will  present data on't'he

 growth  a,nd  IAA-oxidase aetivity  oi  light-grown eucumber  seediings  in
response  to H-ol, H-aeid and  H2-H-aeid.

                      MATERIALS  AND  METHODS

   In the preparation  and  treatment  of  light-grown eueumber  ltypoeetyts the
methed  deser'ibed by KATsuMI  et  aL  (14) was  followed. Cueumber  seeds

(Cueumis sa:･ivus  
``National

 Piekling''1] were  soaked  in tap  water  fer 2-3 hr
and  planted  in moist  vermiculite  (Zonolite #2) to a  depth ef  1em.  Seedlings
were  raised  on  a  gi"owth  beneh in the  laberat'ory or  in an  ineubator at  ap-

proximately  280 under  fiuoreseent light (5,OOO-8,OOO lux), When  the hypo-
eotyls  reaehed  a len.crth of  abeut  3em,  they  were  marked  20mm  below the
eotyledonary  node  with  India ink. This 20 mm  portien  was  ealled  the hypo-
coty.l zanit.  Cempounds  were  dissolved in 9e%  ethanol  and  10ftl of  these
yt.olutiens dropped  to the apieal  bud of  the intaet seectling.  Ethanel treatrnent
was  made  in the eontro].  The  length ef  the hypoeotyl unit  of  eaeh  seed]ing

was  measured  after  1 to 6 days of  growth.  Elongation over  the initial 20mm
length served  as  measure  of  response,  The size  of  samp]es  was  ten (n =101)

unless  otherwise  indieated. The  mean  values  with  or  without  standard  errors

aTe  shown  in the text.

   For  the determinatien of  IAA-oxidase  aet･ivity,  seedlings  were  harvest'ed
and  the hypceotyls were  exeised  from them  3 days after  treatment, Half
of  the hv. peeotyl hateh was  used  for determining  length and  dry and  fre$h
weights  of  the hypoeotyls. The  remaining  mateTial  was  stored  at -15C  fer
IAA-oxidase  extraetions.  This frozen material  was  ground  together with

dry  jce in a  poreelain mortar.  Phosphate  buffer (O.077M, pH  5,9) was  then
added,  and  the maeerate  homogenized. The  homogenat･e  was  eent･rifuged  at

9,OOO× g for 30min  at  e". The  supernatant  served  as  the enzyrne  solution.

The eoneentration  ef  the enzyme  solution  was  adjusted  so  that 1 ml  represented

the extraet  frem one  hypocotyl. The reaction  mixture  was  prepared  aceord-

ing to the methed  of  GoLDAcRE  et  al, (15), and  contained  1ml  eaeh  of  2 ×

10-3M  IAA,  10-3M 2, 4-dichlorophenol and  enzyme  solution,  and  6rn1 of  phos-
phate  buffer solution  pH  5.9, O.033M.
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  The  reaction  mixture  was  ineubated at 250 for 30min, the residual  IAA
was  assayed  by the SALKowsKI  reaetion  using  GORDON  and  WEBER's  reagent

(i6). The  optieal  density read  at  530 mpt  was  eonverted  into yg  oiA IAA  using

a  calibration  curve  prepared  with  known  amounts  of  IAA.

RESULTS

Biological activity

  Helminthosporol, H-aeid and  H2-H-aeid were  applied  at  the dosages, 1, 10,
100, and  200 ptg,iplant. The biologieal aetivity  for eueumber  hypoeotyl elonga-
tion was  determined 3 days after  treatment. The  results  are  shown  in Fig.
1. All three compeunds  were  aetive  in promoting  hypoeotyl elongation,  the
responses  being proportional to the applied  dosages. The  order  of  aetivity  is
Hz-H-acid>H-acid>H-ol. Relative aetivities  of  these three compounds  differed
from eaeh  other  appreximately  by factors of  ten. Fig. 2 shows  the elonga-

tion of  eueumber  hvnoeotvl nnitg  indnaAd hv T:[-Al. H-Ae,id. Ho-U-Aeid  And  aAe.                VX V '''t"  '" "  T'1 -- -t----r --L -- -tTty- J-v- ut--vt
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Fig. 1. Responses  of  h.vpoeotyl units  to H-ol, H-acid and  H2-H-acid
at  varying  dosages. Measurements  made  3 da.vs after  treatment.
Eaeh  eurve  was  ebtained  from separate  experiments,  Eaeh  point
represents  the mean  of  the  respenses  of 10 different plants,
Standard  errors  indieated with  vertieal  lines.



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlant  Physiologists

402 M.  KATSUMI,  S. TAMuRA  AND  A. SAKURAI Vol. 8 <1967)

Fig. 2. Elengation of cucumber  hypocotyl units  induced by H-ol

(100 geg), H-aeid CIOO pg), H2-H-acid [100 k,g) and  GA3  (1 yg). Phote-

graph  taken  3 days  after  treatment.

30

EE

 20ZoF8gdiIO

        o
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             DAYS  AFTER  TREATMENT

Fig. 3. Time  eourse  of  response  of  hypoeotyl  units  to different
dosages  of  Hz-acid. The  length  rneasured  at  one  day  intervals for

six  days, Each  point represents  the mean  of  the responses  of  IQ

different plants,
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Fig･r. 4. Responses of  hypoeotyl units  t,o }I-aeid in the presenee  ef

va･rs'ing  arnountg  of eol/yledon  attachGd.  The  length measured  three

days  after  treatment.  Each  point represents  Lhe mean  of  Lhe

responses  of  le difrerent plant･s. Standard erroi:s  oi' the rneans

are  indicated with  vertieal  lines.

The  morphologieal  appearanees  of  the hypocotyls were  similar  to eaeh  other

fox the £our  com}]ounds.

Tiin,e eezt･i'se ezt･7'ves

  Di･hydrohelminthosporie aeid  was  addecl  to ci.!eumber  seedlins.s  and  mea-

surements  made  of  the hypoeotyls at  one  day  intervals bver  a  period  of  six

days. [[]he Tesults  are  given  in Fig, 3. Inereased and  stable  g'rowth rates

"rere  ebtained  with  hi.gher dosages. Experiments with  II-aeid and  H-ol gave
similar  result･s,  whieh  are  not  detailed here.

Cotyledo?z e..(7kc/t- o:･v ffac･iel-indt{･ced elongation

  Prior to treatment  port･iens of  one  or  both cetyledons  xyere  removed  from
the seedlings  ]eaving from  O to 10e%  eotyledons  attached  to the hypocotyls.

Helminthosperic  aeid  was  applied  to these  seedlings  at  a  sin.cTIe dosage of
100rtg/'plant. Measurements  were  inade  three  days after  treatment. The
resv.lt･s are  shown  in F･ig. 4, The  i'esponse  of  the  plantg to 

TH-aeid
 deereased



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlantPhysiologists

404 M.  KATSUMI,  S,TAMURA  ANDA.  SAKURAI Vol.8  (1967>

                            TABLE  I

  Efflact of helmtnthosgeorol  on  the g?'owth and  IAA-o=idase activity  of the
             hypocotyl of eight-g･rown cucu"tber  seedlings  a

                                         Helrninthosporol, Aglp!ant
                             Control - ..
                                         10 100 200

Fresh weight  (mg) 82 111 
'
 153' 159

Dry  weight  (mg} 2.4 3.0 4,8 4,1
IAwAeLlo.gxhi2ase

 
actiyity

 
per

 
dry

 11.7 g,7 s.g 6.g

IAA-oxidase aetivity  per plant 28.5 29 28.5 28.3ttttttt t tt               ttt                          tttt                             tt tttt                                         tt
   

a
 Measurements  made  3 days after  treatment.  For fresh and  a'ry weights

and  Iength, eaeh  value  m  the eoLumns  of  eontrol,  10 and  100 represents  the

g}.epa,",,O,f,di5,,Plgeig"tl"i Xnd.i,-t.tbh,9i,C,OgR,3Mt".9.f.2iO.Od,1,h.att.doii 
6pl'ants-

 
Enzyme

 
aetivity
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Fig. 5. Inverse relationship  between  IAA-oxidase  aetivityand  H
indueed  elongation  of  light-grown  eueumber  hypocotyls. Data
presented  in          Table                   Elongation  and  enzyme  aetivity  were                I.
pressed as  percentage  of  eontrol,

-ol-areex-
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remarkably  as  the amount  of  eotyledons  attaehed  was  redueed,  Thus, the･

amount  of  H-aeid-indueed growth  was  approximately  proportional to the･

amount  of  the remaining  eotyledons.

IAA  oxidase  a･ctivity

   IAA-oxidase aetivity  was  determined  as  both IAA  metabolized  per dry

weight  of  the hypocotyl and  IAA  metabolized  per  hypoeotyl. The data are

presented in Table I. IAA-oxidase  activity  determined as IAA  metabolized.

per  dry weight  was  less in the H-ol-treated materials.  The greater the H-oT

dose, the smaller  was  the enzyme  aetivity.  The treatment with  100 ng  H-ol

reduced  the aetivity  by hali that of  control.  As  clearly  illustrated in Fig,

5, there was  an  inverse relationship  between IAA-oxidase  aetivity  and  H-ol--

indueed  elongation  of  the hypoeotyl. On the other  hand, if IAA  oxidase

aetivity  was  estimated  as  IAA  metabolized  per hypo ¢ otyl,  there was  no  dif--

ferenee between  eontrol  and  the H-o!-t･reated materials,

                             DISCUSSION

   Light-grown  intact cueumber  hypecotyls have been shown  to respond  to･

IAA, synthetic  auxins  and  gibberellins (le). The  faet that- these hypoeotyls-

also  respond  tQ H-ol and  its derivatiyes makes  them  still more  useful  for

interaetien studies  and  also  for screening  several  elasses  of  growth  regulators.

   The  relative  aetivities  ofthe  eompounds  reported  here  (Hz-H-aeid>H-acid>
H-ol) would  suggest  that  carboxylation  and  hydrogenation of  these aompounds･

are  faetors that control  their biological aetivity. While the relative  biologieal

aetivities could  be attributed  to solubility properties  of  the rnoleeules,  it is,

also  possible that the aetivity  of  H-ol may  be a  resuk  of  its conversion  to･

H-ac.id since  this oeeurs  spontaneously  at  room  temperature  (4). Nothing  is

known  about  the metabolie  intereonversion of  these three eompounds.

   Sinee the merphological  appearance  of  the hypocotyls responding  to these

three eompounds  and  GA3 are  very  similar  to eaeh  other  and  the time eourse

eurves  (Fig, 3) are  also  very  similar  to that o £ GA3 (14), the  nature  of  the

growth  response  indueed by these three compounds  may  be the sarne  as  that

of  the growth  response  indueed by gibberellin.

   It has been previously  reported  (17) that gibbere]lin-indueed elongation  of

the eucumber  hypoeotyl is quantitatively related  to the amount  of  cotyledons

present. The  suggestion  has been made  that this eotyledon-gibberellin  
inter-

aetion  is due te the presenee of  a  diffusible faetor supplied  by  the cotyledons,

Howev･er, no  such  faetor has been isolated from eucumber  eotyledons.  Indele-

3-ethanol has recently  been shown  to be a  naturally  oecurring  growth  regu-

latDr in ¢ ueumber  seedlings,  being produeed  in the eotyledons  and  a ¢tive in

the hypoeotyl; however, it does not  appear  to have  the properties  predieted

for t,he [`eotyledon  faetor'' (18L Our  resuks  sho"'  that･ the presence  of

cotyledons  is also  required  for H-acid-indueed elengation  of  the eucumber

hypoeotyl. "Jhether  or  not  this eetyleden-}I-aeid  interaetion ig diue to  the



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  ofPlant  Physiologists

406 M. KATsubll, S. TA}IuRA AND  A. SAKuRAI Vol, 8 (1967)

same  hypothetical eotyledon  faetor(s) is unknown.  The presenee of  the
cotyledons  is also required  in order  that eueumber  hypoeotyl segments  respond

to eobaltous  ions and  to seeondaTy  aleohols  (19), although  the segments  respond

t･o indole-3-et･hanol in the absenee  ef  the eotyledons  (19).
   It is eontroversial  that the mechanism  of  gibberellin  action  is direetly or

indirectly related  to IAA-oxidase aetivity.  Several authors  have  indieated
that IAA-oxidase  activity  is lowered bygibberellin treatment  (20-22). HALEvy
(221 had demonstrated that there was  an  inverse relationship  between IAA-
oxidase  activity  per dry  weight  and  gibberellin-indueed  elongation  of  the
eueumber  hypoeotyl. In the present study  with  H-ol a similar  result  was

obtalned  as  far as  the enzyme  aetivity  per dry weight･  was  assayed.  How-
ever,  the  mechanism  of  H-ol aetion  via  the IAA-oxidase system  is unlikely,

sinee  no  difference in the aetivity  between  the control  and  H-ol treated
materials  was  observed  when  IAA-oxidase  aetivity  was  determined as  IAA
metabolized  per plant. This suggests  that the total aetivity  of  IAA-oxidase

per seedling  was  not  ehanged  in the presence of  H-ol.

   It is eoneluded  that H-ol, H-aeid and  H2-H-acid are  very  similar  to gib-
berellins at･ least in their physiological  effects  on  eucumber  hypocotyl growth.

   This  work  xvas  supported  by  a  Research  Grant  frem the Ministry ef Edueation
ef  Japan  [10417]/,
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