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   Induction of  indole synthesis  in young  appcndix  sections  of  Sauromatam guttatum
Schott was  studied.  The  inducer, known  as  calorigen,  a  compound  synthesized  in the
rnature  staminate  fiower buds, is capab!e  of  triggering  a  rapid  metabelic  spurt  in the
appendix  ofthe  inflerescence, The  induced indole-formatien lasts for enly  a  short  period
of  time, and  is similar  to the  normal  pattern of  indole synthesis.  Under  thc

experirnental  conditions,  indole was  detectable after  7 to 8 hr of  calorigen  treatmeBt

but had  disappeared about  35 hr later. The  moment  when  indolc is present  in maxirnal
amount  coincides  with  that  of  maximal  heat production, i,e., about  27 hr after  the

appllcation  of  calorigen.  A  simple  and  sensitive  bioassay for dietection ef  calorigen,

based on  the  formation of  indole, could  be devised,

   Calorigen also  causes,  to  a  lesser extent,  a  temperature-rlse  of  those  young  fioral

parts (male, female and  sterile  tissues) where  indele is Jiot  detectable at  any  time.
Thc  timc  scquence  of  the induced prDduction of' heat for the varieus  floral parts rnirnlcs
that  of  a  natural  metabolic  flare-up.

   Extracts prepared  frorn the  maturc  staminate  fiowers ot' Aram  maculatum  L,, Arum

dioscon'dis Sibth and  Sm., and  Dracunculus vu4garis  Schott were  ali able  to  induce the  for-
inati.on  of  indole in the  appcndix  of  Sazaromatttm in a  fashien similar  to that caused  by
the staminate  fiower extract  of  this plant.

    In a  previous publication we  reported  the  presence of  free indole in certain

fioral parts ofsome  arum  lily species  (I), In Sauromatum guttatum Schett, production
of  free indole occurs  in the appendix,  and  only  during the first day  ofblooming  when

it forms part of  the syndrome  ofdramatic  metabolic  changes  (including the dcvelop-
ment  of  a  respiratory  climacteric,  with  generation of  much  heat and  an  unpleasant

odor)  which  characterizes  the  appendix  at  that  time.

    The  triggering  of  the metabolic  outburst  has been the  subject  ef  sevcral  studies.

In 1937, van  Herk (2) reported  that  excision  of  the  staminate  fiowers or  removal

of  the  appendix  from  the  inflorescence would  prevent the  appendix  from warming
up  if carried  out  24 hr or  more  before the  expected  time  of  bloomin.cr. If such
experiments  were  done at  a  later time,  c.g,,  20-22 hr before the  unfoIding  of  the

spathe,  the  appendix  would  stil} develop the  characteristic  metabolic  flare-up.
Excision ofother  organs  did not  aflEct  the  heating-phenomenon.  From  these  facts,
he concludcd  that  the  thermogenesis  in the  appendix  is triggered  by a  substance

which  is synthesized  in the  staminate  flowers and  is released  into the  appendix
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some  20 hr befbre the  opening  of  the spathe.  Later (S) he was  able  to induce the

generation of  heat in irpmature appendix  halves by  irtiectiQn of  an  extract  from
the staminate  flowcrs, assumed  to contain  the postulated triggering  principle,
"calorigen".

    Further studies  on  calorigen  werc  carried  out  in our  Seattle laboratory.
Modifying van  Herk's bioassay for calorigen  activity,  Buggeln  and  Meeuse  (4) were
able  to demonstrate the presence of  a  calorigen-like  substance  in the starninatc

flowers ofseveral  more  arurn  Iily species.  Howcver, their procedure, based on  the

menitoring  of  heat production and  C02  evolution,  is rather  time-consuming,  lacking
in sensitivity,  and  expensive  in terms  of  appendix  material.  In this papcr we  wish

to report  the  development ot' a  simple,  sensitive  and  rapicl  bioassay, based on  the

hormone's  ability  te induce synthesis  of  indole in young  appendix  tissue.

Materials  and  methods

Plant materials

    Methods  fbr growing plants and  for determining  and  indicatlng thcir flowering
stages  were  as  described previeusly (.l). The  day  the  spathe  unfblds  is referred  to

as  D-da>r, Stages corresponding  with  a  given number  of  days befbre ancl  after  this

day are  dcsignated as  D-l,  D-2,  etc,,  and  D ÷/ I, D+2,  etc., respectively.

    A(ature (D-day) staminate  flower zoncs  were  used  as the source  of  calorigen.

The  crude  calorigen  extracts  were  prepared according  to the method  of  Buggeln
and  Meeuse c(4), [["he final volume  of  the  extract  was  adjusted  in such  a  way  that

1.0 niI extract  corresponded  with  one  excised  stamiAate  floral zone.

Bioassay of calorigen  activit.v

    a)  1}iduction of indole .v)nthe,ri.r: The  2.ppendl.x  was  cut  off-' about  5 cm  above

the zone  of  thc  staminate  flowers leaving the stump,  still enclosed  by the basal part
of  the  spathe,  for later (retroactive) determination of  the flowering-stage. [['he
appendix  was  used  immediately, or  ifso desired, was  kept in the laboratory with  the

cut  end  immersed  in distilled water.  In the  iatter case  th ¢  upper  part of  th ¢  spathe

was  allowed  to remain  around  the appendix  to prevent it from drying out.  Al-
though,  under  these conclitions,  the  spathe  will  epen  normally  at  a  later date after

the expected  time  of  bloorning, the appendix  fails to develop the characteristic

metabolic  outburst.

    The  appendix  was  cut  into 1,5 cm  sections  which  were  plunged  directlv. into
distilled water  to wash  off  the  starch  grains released  from the  cut  surfaces,  Unless
otherwisc  indicatcd, each  of  the  sections  was  then  allowed  to stand  vertically  in a
10-ml beaker containing  O.5 ml  of  thc  solution  to be tested and  provided  with  a

piece ofpre-washed  filter paper covering  the  bottom, The  soiutions  also  contained

1.0 mg,iml  ofstrcptomycin  or,  in some  cases,  2.5 × 1O-S M  penicillin. Tliese additives
showed  no  significant  adverse  eflbcts  on  the phenomena  studied.  One  drop of  the

test solution  was  placed on  the  upper  cut  surface  of  the section,  The  bcakcr was

covered  with  a  watch  glass, still permitting proper aeration  through  the  drain tip.

[l/he sections  were  incubated at  room  tempcrature  (26±10C)  undcr  constant



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

The  JapaneseSociety  of  Plant  Physiologists

Tnduction of  indole synthesis  in aroids 883

laboratory illumination for the period of  time  desired. Distilled water  and  phos-
phate bufler (O. hf, pH  6,5) were  used  for controls  in each  experiment,  The  control

series  does not  preduce  indole.

    At the end  of  the  incubation period, the  appendix  sections  were  rinsed  with

water,  immediately ground  into a  paste, and  2.0ml of  toluene  was  added.  The
toluene  layer was  carefu11y  poured into a  test tubc  containing  O.5 ml  of  Ehrlich's
'rcagent.

 A  pink-red reactien  was  taken  as  indicative of  the  presence ofindole  and

therefore  of  calorigen  activity.  For quantitative studies,  5.0ml  of  toluene  was

used,  and  a  1,O ml  aliquot  was  taken  for colorimetric  determination of  indole (5).
    b) induction of heat Production: Heat  production  was  used  as  an  indicator
of  calorigen  activity.  Appendix sections  4 cm  lon.cr were  allowed  to  stand  crect  in
a  beaker containing  the test $olution  dcscribed above.  The  upper  surface  ef  the
section  was  enclosed  in a  layer of  parafiIm. The  temperature-rise of  the appendix

section  was  measured  according  to the method  ofBug.creln  and  Meeuse  (4).

Results

7V?ermogenesis

    The  temperaturc-rise  displayed by the various  floral parts of  Saurotnatum during
the normal  process of  flowering has previously been recorded  (2). In our  laboratory,
we  have re-examined  this phenomenon  in order  to compare  it i.Nith  the  c'vents  of

induced heat generation, The  spathe  ofan  infiorescence believed to bc at  the l)-I
stage  was  cut  off  at  the  base of  the floral chamber  and  the  cut  surface  was  covered

with  a  thin  layer ofpetroleumjelly.  The  thermometer  probes were  then  attached

to the  surface  of  various  parts of  the  central  spadix;  those  attachecl  to the  stalk  ef  the

infiorescence or  exposed  to open  air  were  used  as  references,  The  infiorescence was
kept under  continuous  laboratory illumination.

    Fig. I shows  the typical pattern of  temperature  changes  in various  parts of  the
inflorescence (fbr a  drawing ofa  Sauromatum infiorescence see  Refi 6), The r(,'su]ts

confirmed  those  reported  earlier  (2) in that  the  temporal  starting  point, time  span,

and  the magnitude  of  the  temperature  diflbrence vary  with  the fioral part tested,
In most  cases  the  tempera.ture-rise  occurred  first in the  zone  of  staminate  flowers.
According to van  Herk  (2), heat production  in the  staminate  flowers starts  around

neon  on  D-1  and  ends  ncar  noon  on  D+' 1, giving a  total warrn  period  of  almost

Fig. 1. Tleniperature chan.aes  in various  Parts of' the
Sauromatum injlorescence dun'ng the time of blooming.
The  thermoprobe  attached  to the  stalk  was  used
   .as

 
tissue

 
control

 
and

 the data were  galculated
agamst  room  temperature  (---), The  tcmperature

changes  displayed by the appendix  were  measured

at  a  level IO cm  above  the  male  floral zone,
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Fig. 2. Cketorigen-indueed temperature changes  in young j7bral Parts of
Sauromatum,  Two  infiorescences at  the  stage  ofD-3  and  D-4

were  used  for the  test. The  control  for each  part of  the  tissuc

tested was  incubatecl in distilled water,

two  days. The  temperature  peak, about  20C over  room  tcmperature,  occurs  a  little
bit earlier  than  that  of  the  appendix.  In the  latter organ  the  highest temperature
is often  40 to 1OOC  over  the  ambient  temperature,  The  warming  period is relatively
short  and  displays a  sharp  peak, usually  reached  around  noon  (with, sometimes,  2
te 3 hr variation).  [I]his peak is always  associated  with  thc  most  rapid  respiration

(6) and  thc strongest  release  ofstench  (7) and  indole (1), Heating  in both the  female
and  the  sterile  region  ofthe  infiorcscence occurs  later, the  peak  being reached  about

12 hr after  the  maximal  temperature-rise  in the  appendix.  The  temperature  ofthe

stalk  never  rise$.  It is usually  O.20 to O,50C: Iower than  that  of  the  environment,

induced metabogic  changes

    The  calorigen-induced  temperature  changes  in various  isolated young fioral

parts are  lllustrated in Fig, 2. It shows  that  all ofthe  fioral parts tested are  inducible,

in terms  of  heat production. The  pattern of  the induced  temperature-rise  in these
tissues  resembles  that  ofa  natural  cycle  (Fig, 1). However,  the  induced  temperature

changes  are  relatively  smaller.  For  example,  the maximal  temperature-rise  in the

female and  the sterile  rcgions  is always  less than  1OC, whereas  under  natural  condi-

tions  they  warm  up  to 2-30C above  room  temperature.  In appendix  sections,  the

E.gg=th.v..xve:zva6l
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Fig.qnPenusedEach3. Calorigen-indiiced i'ndole formation in )'oung
dix sections  of Sauromatum.  The  tissue sections

 were  pooled frorn two  D-2  appendices.

 value  represents  the average  of  two  sections.
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magnitude  of  temperature change  varies  considerably  with  the  experiment,  but
usually  ranges  from 3eC  to 6,50C over  the  control.  The  temperature-rise  of  the

materials  is always  accompanied  by a  distinct condensatien  of  vapor  on  the  inner
wall  ofthe  beaker which  contains  the materials,  apparently  due to a  rapid  respiration.

In the  case  of  the appcndix,  the typical bad Sauromatum smell  was  particularly
noticeable.

    Our  earlier  report  (1) has shown  that the appendix  is the enly  part of  the
infiorescence tQ produce indole at  the  time  of  the  metabolic  flare-up, suggcsting  that

the process of  indole production as  it manifests  itself in appendix  sections  can  be
used  to assay  for calorigen  activity.  Fig. 3 shows  that  indole was  indeed produced
during the  induced  period ofmetabolic  changes,  Furthermore,  the induced  indole
cycle  mimics  the natural  one,  in that  indole appears  only  for a  short  period of  time

<1). The  peak time  of'indole  formation coincides  with  the peak  in heat product.ion,
All other  parts of  the  infiorescence tested showed  no  indole production, although

they  can  demonstrably be induced to develop hcat, as  already  mentioned  above.

    The  r¢ sults  also  show  that, in the  induced proc ¢ ss, the  production ofindole  and

ofheat  both  last slightly  longer than  in the natural  process, and  that  the time  spans

between the  peaks in heat production displaycd by various  parts of  the inflorescene¢
are  somewhat  longer. For  instance, in the  normal  flowering proces$ the  peak  of

heat production by the  appendix  is about  16 hr after  the appearance  of  detcctablc
indolein the tissue <1). In the  induced  cycle  the time  span  is found to be about20
hr, a  delay of  approximately  4 hr, In the case  ofthc  male  flowers, the  delay is not
significant.  The  peak ofheat  production in Ibmaie flowers and  steriie  tissue  occurs

about  45 hr after  the treatment,  i.e,, with  a  delay of  approximately  17 hr as  com-

pared with  the natural  cvcle.

    From  the  results  it is clear  that  the  process of  indole production starts  more

than  10 hr before the  heating process is observed  in the  appendix  sections.  Thus,
by  using  indole formation as a  criterion  for calorigen  activity  one  can  shorten  the
time  required  for thc  experinient  to as  lit-tle as  8 hr.

inducibigiip, of the a2tbendix

    Fig. 4, illustrating the induction of  indole synthesis  in appendix  sections  of

various  stages,  shows  that  all the  immature appendices  testcd  are  susceptible  to thc
action  ofcalorigen,  In all  cases  the  induced  indole cycle  mimics  the natural  one  as

stated  above.  The  sections  ofD-l  appendix  are  not  suitable  fbr the  test because
they  already  possess the ability  to produce  indole. Appendices  harvested after

blooming, i.c,, in the  stage  ofD+1  er older,  cannot  be induced to produce  a  second

indole cycle.  During  this study  it was  noted  that on  the  day of  blooming, D-clay,
the basal part of  an  appendix  left attached  to the rest  of  the  inflerescence always

produces a considerable  ameunt  of  indole; however, the  terminal  part of  the  same

appendix,  excised  much  earlier  and  kept with  the  cut  end  in water,  fails to do so.

This confirrns  the eariy  observation  of  van  Herk  (2), that  a  prerequisite for the
development  of  a  metabolic  fiare-up is to  lcave the  appendix  attached  to the  in-
florescence until  one  day  before the  day  of  blooming, or  lenger,

    The  response  of  appendix  sections  to the treatment  with  calorigen  is further
illustrated in the foilowing experiment.  Calorigen-induced appendix  sections

which  hacl completed  an  indolc cycle,  were  thoroughly  rinsed  with  water  and  again
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Fig. 4･. Ihduction of indole s.ynthesis  in the cigPendix  by calorigen,for

various.fiowering  stages.  Each  ot' the experiments  was  done sepa-

ratcly  but the  calorigen  extract  was  prepared  from  thc  same  batch

ofrnale  fieral zones.  The  arrows  indicate the  time  of  calorigcn

application.

         '
tL ･

zreated  xs,ith calorigcn.  No  in(lole, heat or  stench  was  eiier  produced by these

sections.  On  the  other  hand sectiens  in thc control  series,  which  were  incubated
with  water  or  buflbr for 42 hr and  were  then  treatecl with  calorigen,  producecl an
indele cycle  similar  to that  efa  normal  induction. In fact, an  appcndix  excised

at  the  D- 3 stagc  can  bc kcpt with  the  cut  end  in water,  thus  avoiding  thc  devclop-
ment  of  a  metabolic  flarc-up, fbr 9 days so  that  it is now  equivalent  to D+6;  yet,
it is still inducible! It appears  that  as long as  the  app ¢ ndix  remains  in `:pre-burst"

metabolic  condition  iz is suitab'le  ibr indo]e induction. 
'I'hercfbre,

 one  can  keep
the excised  immature  appendix  in resen7e  tbr several  days until  the  time desired.
This is one  of  the  advantages  of  our  method.  Buggeln et al. (8) delayed the

development  of  a  respiratory  climacteric  by continuous  illumination ofthe  inflores-
cence,

    All parts of  the  appendix  are  suitable  foT the assay;  sections  takeR  at  random  all

show  indole production upon  the treatment  with  calorigen.  The  actual  amount  of

indole prescnt at  a  given time  varies  somewhat  as  would  be the  case  with  different

part ofa  normal  appendix;  e,i,, those  $ections  1O to 25 cm  above  the  male  floral zone
are  the  most  active.  In certain  individuals, the  variation  among  sections  may  be
of  the  order  of  20%.  Thus  for cluantitative  study  the  parts of  the appendix  used

rnust  be chosen  so  tliat they  represent  sections  nexL  to each  other,  and  determinatlons
should  be run  in rnultiplicate.

7'imefactors and  the mobiliO)  of calorigen
    It has bcen noted  earlier  (3, 4) that there is always  a  lag period ofapproximately
24--27 hr betwcen  the moment  of  calorigen  treatrnent  and  that  of  maximal  heat

production, The  Iength ofthe  lag period is not  si.crnificantly  afucted  by the  amount

ofcalorigcn  used  (3). This is also true  for the lag period in indole production. In
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IJig. 5, opcts of'len.ffth ofdirectcontact with  catorigen  on  tlre amoun.t  of
indole jhrmed during a  20-hr incubaiion, The  details are  describecl
in the text.

one  cxperiment  wc  treated  three  batches of  appendix  sections  with  calorigen  for
various  tirne periods. One  batch was  incubated continuously  with  calorigen  during
the  experiment  whiIc  the other  two  were  treated  for either  1 oi'  4 hr before they  were

transfkrrred to  water,  One  seetion  ,firom eaeh  series  was  taken  for indo]e deterrnina-
tion  at  various  time  intervals. It was  found that  all' ser:,es  started  to produce  indole
after  7-8 hr and  rcached  a  maximal  Ievel at  26-27 hr. However, 

ithe
 amount  of

indole present at  a  given time  is alwai,'s  high.est in t'he continuously  treated  scctions

(which presumably  took  up  the most  calorigen)  and  lowcst in the  onc-hour  trcated

ones.  In another  se.ries of  experiments,  the appendix  scctions  were  incubated
continuously  with  eithcr  the  calorigen  preparation used  in the  above  experiment,

or  with  a  ten-fold  dilution. of  the  prepararion. The  time-ceurses  ofindole  fbrmation
were  compared.  It was  lbund that  in both cases  the  pattern of  indole formation
resembles  that  sho",n  in Fig, 3, but the amount  ofindole  fbrmed at  a  given time  is
alvrays  hig'her in thc  series  with  tlic non-uiilut'ed  pre;oaration, Th'a's the  amouiit  of

calorigen  is a  facter which  does not  control  the  moment  ofindo!e  produciion, but thc
amount  ofindole  produced. The  sensitivity  of  our  test is such  that  the extract  from
one  male  fiower zone  demonstrably induces indole production ln sections  I'rom three
complete  appendices  (i.e., in about  IOO sections),  a]1 tried simultaneously.

    Fig. 5 illustrates how  long a  period of  exposure  to calerigen  is required  to  make

thc appcndix  scctions  fully respopsive  in terms  of  indele productien. Appendix
seczions  from  two  D-8  and  two  D-4･  stagts  were  incubated in a  250-ml beaker
containing  10ml  of  calorigen  extract.  At  the  time  indicated, two  sections  were

taken  out  and  transferred  to watcr,  At 20 hr after  the start  of  the experiment  the

scctions  t'rom each  series  were  weighed  and  the  amount  of  indole determined. It
was  fbund that a  direct contact  with  calorigen  for a  period as  short  as  one  hr was

long enough  to trigger the formation ofindole,  Within the  first fbw hours ofcalori-

gen  treatment,  the am()Lint  ofindo]e  found  lb' directly proportional to the  Iength of

the contact-period.  This indi,cate.s that  at  least 4-5 hr of  exposui'e  to the  calorigen

is needed  in order  to activate  the section  fu11y.

    The  movement  of  calorigen  in the appendix  seen/ts to be bidirectional. 
'lihis

is concluded  from an  experirnent  in which  two  5-cm  sections  of  the  appendix  (D-8)
were  treated  with  calorigen  at  one  of  the cut  ends,  cither  the  basal or  the  tip cnds  it
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was  fbund that  both sections  were  induced to produce  heat in the same  fashion. No
diflkirence in lag timc  was  observed.

    M･rhen two  D-3  appendices  measuring'  24 alld  43 crn  were  treated  with  calorigen

at  the  cut  end  for 11 hr, we  found that  in both  cases  only  the  first 8 cm  leng sections

showed  positive indole test. and  the amount  ofindole  decreased as  the distance from
the  site ofca]origen  application  increasecl.. Since the lag time  for indole production
is about  8hr, the rate  of  movement  of  calorigen  in the  system  shoulcl  be about

2-8 cm  per hour.

Stabili{y of calorigen

    Our  studies  on  the  thermostability  were  promptecl ,by van  Herk's report  (3)
that  crude  ca]ori.cren  loses its activity  after  one  dayTs storage  in thc refrig ¢ rator.

We  were  able  to store  crude  calorigen  (pH 6.5) in the prcscnce ofstreptomycin  at

room  temperature  for as  long as  7 days without  loss ol' the hormone's ability  to cause

production of  heat and  indolc. In fact, calorigen  in dried ibrm, after  a  sQjourn  at

room  tcmperature  for up  to 4 rnonths,  is still  able  to induce indole formatien ac-

cempanied  by production ofstench  and  heat. Autoclaving for 15 min  hardly affbcts

calorigen,  Staminate flowers, aft ¢ r  having  been  stored  in a  deep-freezc f'or txsJo

years, still contain  active  calorigen.  Thus the principlc under  study  is very  stable.

    Calerigen acts  over  a  range  ofpl'I  valucs  between 5.0 and  8,O. However, the
hi.crhest activity  occurs  at  relatively  low pH  (5.i)-6.G), whi.ch  is close  to the pH, of  the

tissue. Ad.iustment of  the  pH  to extreme  acidity  or  alkalinity,  fo11owed by neutral-

izatien, does not  destroy the activity,

Calorigen-like substance(s)  in oiher  aroicls

    [i'he presence of  calorigen-liice  substances  in the staminate  fiowers of  other

aroids  has been reported  (4), These substances,  when  assay ¢ d with  Sauromatum

appendix  sections  cause  the  same  pattern of  heat production and  release  of  stench.

Since indole production is associated  with  the metabolic  changes  it would  be of

interest to sce  whether  extract.u  fi'om othcr  aroids  also  trigger  indole productien i･n

the appendix  of  Saorromalum, In this study,  mature  staminate  flowers of  Arum
macNtatum  L., Arunz diDscoridis Sibth. and  Sm., Dracunculus vuigaris  Schott and  the

spadix  of  lvsichitttm americanum  Hult. and  St. John were  used  to prepare calorigen

extract.  It was  fbund that  all  extracts  except  tlrat of  I);sichitum are  able  to induce

production of  indole, in the same  fashion as Sazaromatum extracts.

Discussion

    The  system  reported  here oflers  consideTable  advantages  in the study  of  thc

calorigen-induced  metabolic  cvents  in excisecl  Sauromatum appendix  sections.  It

also  scrves  as  a  rather  convenient  bioassay for calorigen  activity.  
'
 NVith this  system,

an  average  appenclix  is able  to provide mat'erial  for 10 to  20 tests. The  presence of

calorigcn,  as  monitored  by the  formation ofindole,  can  b¢  detected after  a  period as
short  as 8hr  <although, in our  cxperience,  an  ovcrnight  incubation is better).
Furthermore, the material  used,  Lhe  young  appendix,  can  be prescrved tbr several

days s･vithout  losing its susceptibility  to the  actien  of  calorigen  which  itself is very
stable.  We  have taken  advantage  of  these findings in an  attempt  to purify the
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 principle under  consideration.  Preliminary results  showed  that, after  DEAE-

 Sephadex  column  chromatography,  calorigen  activity  was  resolved  into two  distinct
 fractions <9).
     

The  present study  clearly  demonstrates that calorigen  acts  not  only  on  the

 appendix,  as  reported  ¢ arlier  (3, 4), but also  on  the rna]e,  
'female

 and  sterile  floral

 parts, according  to  a  time  sequence  similar  to the natural  one.  However,  in these

 parts, indole was  not  detectable at  any  time  (i). Thus the  action  of  calorigen  on

 these floral parts can  only  be monitored  by less sensitive  methods  such  as  production
 of  heat and  evolution  of  C02, These  two  processes, in th ¢  case  of  the  female and

 
sterile  parts, required  a  lag time  ofalmost  two  days, and  the rise in ternperaturc  was

 not  striking.  Therefbre, these fiower parts ofl}:r no  special  advantages  and  should  be
 avoided  in the  bioassay of  calorigen,

    , 
The

 magnitude  of  the temperature  change  and  the amount  of  indole produced
 durmg the  induced metabolic  fiare-up are  consistently  !ower than  those  found

 
under  natural  conditions.  This is apparently  due to the  fact that the physiological
potential of  the appendix  does not  reach  a  maximum  until  one  day before blooming

 (iO). Tissue sections  obtained  af'ter  this time  still  produce, without  the addition

of  exogenous  calorigen,  amounts  of  indole comparable  to the  natural  amounts.

 , The  involvernent ofa  lag period in calorigen  action  is still a  matter  of  specula-
tion.

 it has been shown  that the  ia.q period for the  overall  flare-up is independent
of  the amount  of  calorigen  applied  <3). This has now  been confirmed  for indole
production, wh.ieh  is always  detectablc within  7 to 8 hr despite the  diflerence in the
amount  of  calorigen  used.  When  one  studies  the  events  in experiments  where  the
calorigcn  is added  direcLly to small  picees of  tissue (thus minimizing  the  transport
factor),       one  finds               that  heating Qf  the  fiora] parts tcsted  still  occurs  at  difllerent times.

Jt thus  appears  that in thcin  vivo  s}rsrem  the rate  of transport  of  calorigen  probably
is not  a  factor contributing  to the  variation  in lag time  lbr various  floral parts. In
fact the  whole  appendix  which  in some  specimens  reaches  a  Iength ol- half a  meter,
is able  to get warm  within  a  vcry  briet' time  span,  and  sometimes  the  tip is the first
part to develop heat (2). Considering that  thc lag ti･me for small  appcndix  sections

fo produee  indole {s the  same,  the rate  oftransport  ofthe  tri.crgering principle observed
in  the in vitro  test                (2-3 cm  per hour) would  cause  the  tip and  the  basal parts of  one
and  the same  appendix  te display a  temperature-rise  some  20 hr apart.  It seems
obvious  that, as  far as  calorigen  transport  is concerned,  a  direct comparison  of  the
in vitro  and  ill vivo  system  is not  permissible.

    Another  feature which  deserves comment  is that  the amount  ofindole  formed
depends on  the amount  of  calorigen  used.  It has to be shown  that  calorigen  is
indeed a  hormone-like substance  and  not  just a  chemical  precursor on  the  bio-
synthetic  pathway ].eading to indole. Arguments  in favor of  the idca that  it is a
hormone-like rnaterial  are,  first, based on  the  fact that administration  of  calorigen
leads to a         whole  complex  of  phenomena,  including the  procluction of  heat and  of

several  volatile  compounds;  although  $ome  of  the  latter are  simple  amines  (7), their
combined  weight  certain]y  exceeds  that of  the  added  calorigen.  Secondly, a
compouncl  with  the  propert,ies ofcalorigen  has been  isolated not  only  firom Sauromatum
but also  from A. maculatum.  It is likely that under  natural  circumstances  it plays a

rolc  in the inflorescence of  A. maculatum;  yet, the  Iatter does not  form  indole (1).
Recently it has been suggested  CJI) that thermogenesis  in Sauromatum  may  be a  result
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ef  uncoupling  energy  transf'cr from ATP  synthcsis,  and  diverting it into heat preduc-
tion.  Thus  the  possibilit},r that  ca]origenmight  be an  uncoupler  cannot  be ruled  out.

    
'The

 fact that  a  nei'riial  inflorcscence shrivels  up  two  days after  blooming,

tegcthcr  with  thc  observation  that  amputation  of  the appendix  at  least one  day

be{brc cxpected  blooming, which  prevents the inetabo]ic  fiare-up, also  delays
senescenee  of  the  appendix,  Ieads us  to  speculate  that  the  metabolic  outburst  is a
factor w･hich  contributes  significantly  to the $enescence  o,f the inflores¢ ence.  Earlier

studies  (10) have  shown  that  thc main  fue] supporting  the  metabolic  fiare-up is
starch,  which  in the  appendix  reaches  a  peak  level at  the  D･ 

-1
 sta.cre and  dccreases

dramatically during the  day of  blooming. The  failurc of  the  mature  appendix

which  has already  gone through  the characteristic;  mctabolic  changcs,  and  t'hat

of  the  induced  appendix  sections,  to develop a  second  rnttabolic  flarc-up is probably
due  to the  lack ol' fuel in the tissue. 

'i'his
 leads to the important  question whether

or  not  calorigen  can  also  hasten senescence  in other  systems  by inducin.if a  rapid

catabolism,

    On  the basis ofexperiments  concerned  with  heat production, the  presence ofa

calorigcn-like  substancc  in the  staminate  fiowers ofothcr  arum  lily species  displaying

rapid  metabolic  changes  during the  period of  flowcring has been postulated (4),
Using indole synthesis  as  a  yardstick for calori.ffen  activity,  "re  have  been  al)lc  to

suppQrt  the  postulatc. 
']]he

 induced  indole synthesis  appcars  to be similar  to  that

causcd  by ,9auromatum  calorigcn.  tJu:rther experiments  are  needed  to dccide on  the

idcntity or  non-idcntit>,  of  various  
"calorigens]',
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