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       IntraceHular  localization of  the  native  auxin  in the Avena  cole-

     optl'le tip  was  investigated  by  separating  cellular  fractions by

     differential centrifugatjon.  Each  fraction was  extracted  with  ether

     and  the  auxin  activity  was  rneasured  by  the  sensitized  Awena  curva-

     ture  test. After  the removal  of  the  native  free auxin,  each  frac-

     tion  was  alkaline-hydrolyzed,  and  from  these hydrolyzates  the

     bound  auxin  was  extracted  with  ether  and  its activity  was  mea-

     sured,  Both  the  native  free auxin  and  the  native  bound  auxin  in

     these  extracts  were  identified a$  IAA  by paper  chromatography.

     The  results  show  that  the  native  free auxin  occur$  only  ifi the

     supernatant  solub]e  cytoplasm,  and  that the  native  bound  auxin

     locarizes  also  in the  supernatant.  The  distribution of  the  externaL-

     ly appr,.i'ed  IAA  was  also  investigated.

   It has been reported  on  the basis of  chromatographic  evidence  that

IAA  
fpccurs

 in more  than  tweiity  plant ro'pccics. AIthough various  aspect'b'

of  physiology  of  IAA  have  been reported  (1), nothing  has  been  known
about  the reaction  which  is primarily brought  about  by IAA  when  IAA
causes  physiological changes  in a  plant, With  the  hope  of  centributing

to the elucidation  of  this problem,  the  present study  was  performed  to
make  clear  the  localizati'on of  native  auxin  in different subcellular  bodies
which  were  separated  by differential centrifugation  using  ANvena coleo-

ptiles as  material.

                   MATERrAL  AND  METHODS

Fractionation

   The  coleoptiles  of  Awena  sati-t･a  (Victory Ne. 1) were  used  throughout
this study.  Aziena seedlings  were  grown  at  270 in darkness, and  when

Abbreviations:  IAA,  3-indoleacetic acid;  2, 4-D, 2, 4-dichlerophenoxyacetic  acid.
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the height of the  seedlings  reached  2-3cm,  the  tips  of  coleoptiles,  1cm

 in tength, were  harvested  and  the  primary  leaves were  pulled out  from
the coleoptiles.  For separation  of the  intracellular organelles,  tissues  were

ground  in a  chilled  blendor for several  minutes  with  an  equal  volume

of  cold  KH2P04-Na2HP04  buffer, O.03 M]  pH  5.5, containing  O.2Msucrose.

The  brei was  filtrated through  200  mesh  muslin  and  the filtrate was

 fractionated by  differential centrifugation  as  indicated in Tab;e  II.

Auxin  extraction

    1. Extraction  q7C native  free auxin-Each  of  the five fractions
obtained  by  differential centrifugation  was  extracted  three times  with

 perexide-free ether  in a  separatory  funnel. The  three  ethereal  extracts

were  combined  and  extracted  three  times  with  a  small  volume  of  8%

 sodium  bicarbonate. The  three aqueous  extracts  were  cornbined  to-

 gether, brought to pH  6.0 with  15%  tartaric acid  solution,  and  extracted

 three times with  ether,  The  ether  extracts  were  combined  and  evapor-

 ated  to dryness.

    2. Extraction of native  bound aaxin-The  extraction  of  native

bound  auxin  was'carried  out  according  to a  modified  method  of  YAMAKi

 and  NAKAMuRA  (2). After  the  removal  of  native  free auxin  as  described

 above,  each  fraction (A tQ E  of  Table II) was  mixed  with  an  equal

 volume  of  3/20M  borax-sodium hydroxide buffer solution,  adjusted  to

 pH  9.5 and  hydrolyzed for 5 rninutes  at 1200. Each  hydrolyzed fraction

 was  adjusited  to pH  6.0 by the addition  of  15%  tartaric  acid,  and  ex-

 tracted with  ether  three times. The  three ether  extracts  of  each  frac-

 tion were  combined  and  evaporated  up  to dryness.

Assay  of auxin  activity

    The  technique of  paper  chromatography  was  used  for the identifica-
 tien and  purification of the  extract$.  The  residual  substances  obtained

 by ether  evaporation  were  used  for the analysis.  Chromatographical
 analysis  was  carried  out  by  the method  of SHiBAoKA and  YAMAKi  (8).
 Toyo  No. 51 filter paper  strips,  3 cm  in width,  were  used  and  the ascend-

 ing method  was  applied.  As  developing solvent  system,  is"propanol-

 water-ammonia  (10: 1:1  v/v)  was  used.  The  so!vent  was  allowed  to run

 19.5cm up  from the start  line and  the strips  were  dried. The chromato-

 gram,  having 20 trm  in length from 5mm  below the start  line up  to the

 solvent  frent, was  cut  crosswise  into 10 equal  pieces and  each  division

 was  wetted  with  O.2ml  of  water.  Fifteen blocks of  1.5%  agar  (2x2×2

 mm3)  were  placed on  each  of  the 10 pieces of the wetted  filter paper  for

 3 hours. To  the  15 agar  blocks removed  from the filter paper, a  small

 drop of 5 × 10-3M  FeSQ4  solution  was  added  and  these agar  blocks were

 used  for the sensitized  Avena  curvature  test (3). The  pure  IAA  spot
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was  determined colorimetrically  with  SAL,KowsKi-TANG's  reagent,  These
methods  are  summarized  in Table  I.

                        TABLE  I

                   Extraction  of native  auxin
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the  auxin  activity  was  found on  zones  No. 5
chromatograms  as  indicated in Fig. 1. The
however, lower than  that  of  pure  IAA  which

    O.O O.5 l.O
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Fig. 1. The  chromatograms  of the

extracts  from  Awena  coleoptile  tips.
The  solyent  system  was  iso-propanol-
water-ammonia(10:1:1v/v).  Auxin

activity  was  measured  by the  sen-

sitized  Avena  curvature  test and

expressed  as  the  clegree of the cole-

optile  curvature.  The  paper  strip

presented  at  the bottom  indicates

the  distance  (incm) of  each  num-

bered  zone  from the starting  line.
A: The  activity  of  the  native  free
auxin;  the  fresh weight  was  22g,

B:  The  activity  of  the  native  beund

auxin;  the fresh weight  was  77g.

   -O.5 :.5 l9.5cm

     l234567e9  10

   Rf O. . LO

same  solvent  system.  These  differences in Rf  values  suggest  that the

contaminations  in the extracts  might  have brought about  the  lowering of  Rf
values  of  auxin  on  the strips.  To  solve  this question, the following
treatment  was  made.  A  mixture  of  IAA  and  the  extract  was  put on  the
starting  line and  develeped with  the  same  solvent  system  in each  case.

The  result  presented  in Fig. 1 shows  that contaminations  in each  ex-

tracts induced the lowering of  Rf value  of  IAA  as  suggested  above,  and

it is concluded  that  the Rf  value  of  the nati･ve free auxin  as  well  as  of

the native  bound auxin  in the  extract  coincides  with  that of  IAA  used

as  control.  For  both auxins,  this experiment  was  repeated  three times
and  the  same  results  were  obtained.  Accordingly,  both free and  bound
auxins  were  identified as  IAA.

   The  following experiment  was  carried  out  as  the next  step,  because
it was  feared that  the  contaminations  in impure extracts  might  inhibit
the  auxin  activity  in the curvature  test. The  auxin  activities  of  four
series  of  agar  blocks, i. e,, agar  blocks placed on:  zone  No. 5+6  of  the
developed chromatogram  wetted  with  a small  ameunt  of  water,  the same

zone  wetted  with  the same  amount  of  O.05ppm  IAA,  a  piece'of filter

paper  wetted  with  water,  and  a  piece of fiIter paper  wetted  with  O,05 ppm
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IAA,  were  comparecl  by  the sensitized  Az,ena curvature  test. The  result

shewed  that. the IAA  activity  was  not  inhibited by the contamination

in the extracts,

Distribution of native  f'ree auxin  and  natiwe  botind auxin

   The  distribution of  the native  free and  bound auxins  are  given  in
Table II. Because it is obscure  whether  the free auxin  still remains  in

                          TABLE  II

     Distribtition of nati-ve  auxin  extracted  from  Avena  eoleoptile  tips,

                     ca.  80 g in fresh fveight

FractionCentrifttgationDescription
    Auxin  activity

(Awena curvature  in degree)

Free  auxin  Bound  auxin

A

B

c

D

ENo,Ne.

      le ntin

    1,OeOxg

      10 min
    4,500xg

      30 min

    14,OOOxg

      30 min
   loo,oooxg

g: supernatant

Plastids, nuclei,

wall  fragments

Plastids

Mitochondria,
plastids

Micre$omes

Selubie  cytoplasm,

cell sap

O.oo

 o.o

 e.o

o.o14.1o.o

O.oo

 ?a

os

o.e17.715.7

O.95pt,m
WaterIAA

18.6ee.o

 
a･
 Low  auxin  activities  were  observed  in two  out  of eight  experiments.

 
b
 The  zone  nuinber  of  the  paper  chromatogram,

the aqueous  fraction after  its removal  by ether  extraction,  the  following
experiment  was  performed.  After the free auxin  was'extracted  three
times  with  ether  by a  separatory  funnel, the fourth extraction  was  carried

out  and  the  auxin  activity  in the fourth ether  extract  was  tested. But
no  auxin  activity  was  observed.  The  result  shown  in Table II indicates
that the  native  free auxin  localizes only  in the supernatant  soluble

cytoplasm  and  that the native  bound  auxin  occurs  also  in the super-
natant  fraction. Little auxin  activity  was  observed  in the  other  frac-
tions. The  datum  reported  here is an  example  of  eight  experiments  which

all gave  similar  results.  The  quantitative ratio  of  the  free auxin  to the
bound  auxin  was  not  determined in the present experiment.

Distrib･ution of externally  apPlied  auxin

   The  distribution of  externally  aPplied  IAA  was  examined,  The  pre-
liminary experiments  showed  that the  optimum  IAA  concentration  was
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3-5ppm  for the  elongation  of  coleoptiles,  and  that the  coleoptiies  which

reached  2-3cfn were  more  elongated  with  IAA  than  the  shorter  cole-

optiles.  AccDrdingly, in this experiment  lcm  tips from  2-3cm  cole-

optiles, grown  under  the condition  described above,  were  fioated on

5ppm  IAA  solution  containing  2%  sucrose  for 3 hours in darkness at

270. The  control  tips were  fioated on  2%  sucrose  selution.  At  the end

of  the incubation period, the tips were  thoroughly  washed  with  distilled
water  and  the fresh weight  and  the length were  measured.  Then  the

auxin  was  extracted  after  the  fractionation and  its activity  was  rneasured

in the same  way  as  used  for the native  auxin.  The  result  is shown  in
Table III. In the  supernatant  soluble  cytoplasm  of  the treatment, the

                           TABLE  III

                 Distribwtion of externall.v  a2Plied  IAA

Fraction

Auxin  activity

Free  auxin(Avena

 curvature  in degree)

              Bound  auxin

Treatmenta Controlb Treatmentth Controlb

ABCD

   Ne.  5cE
   No.  6c

 o.oe o.oe

 o.o o.o

 o.o o,o

 o.o o.o

17.2 (e.37?/g FW)  4.7 (O.14)
15.0 (e.32) 8.3 (e.25)

O.oee,oo,oo,o6,6

 (O.14)
6.0 (O.13)

O.oeo,oo.oo.o5.6

 (O.17)
5.7 (O.17)

O,05pt,m IAA
Water

17.8o
 o.o

 a  The  tips  of  material  were  floated on  5mpm  IAA  solution  containing  2%
   sucrose  for  3. heurs  in darkness  at  270.

   The  fresh weight  was  46g.

 b  Tfie tips of  rnaterial  were  floated on  sucrose  solution.

   The  fresh  weight  was  33g.

 
c
 The  zone  number  of  the  paper  chromatogram.

free auxin  activity  was  roughly  twice  that  of the  control  (Table III).
In the case  of  the bound  auxin,  Iittle difference between  the treatment
and  the control  was  found. The  distribution of  the externally  applied

IAA  cannot  be discussed from the results  of the present experiment.

                           DISCUSSION

   It may  be concluded  that in the Avena  co!eoptile  cells the  native

free auxin  as  well  as  the.native  bound  auxin  is IAA,  and  that both
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auxins  occur  in non-particulate  soluble  cytoplasm  anclrSor  cell  sap.

    Little investigations have been made  on  the intracellular localization
of native  auxin  in higher  plants, GALsToN  et  al.  (4,5) demonstrated
that labeled 2, 4-D  attached  itself to  the soluble  cytoplasm  and  changed

the nature  of  protein in the  cytoplasm  of  pea  stem  cells,  and  it was

reported  by T}iits･iANN and  BETH  (6) that nucleus  is not  the  primary  site

when  IAA  reacts  as  hormone  in Acetabularia,

    If the  primary  act  of  the  externally  applied  IAA  is the formation
of  the bound  auxin,  which  is probable  but net  definitely proved  in the
present study,  the  next  step  ef  our  study  which  seems  to be relevant

may  be that  regarding  the  elucidation  of  the  relationship  between  the

bound  auxin  and  IAA,  In the  present experiment,  the  materials  ex-

amined  were  mixtures  of  the  meristematic  region  of  the  coleoptile  tip
and  the elongation  region  of  the coleoptile.  If the physiologically dif-
ferent regions  are  divided and  studied  separately,  the  difference in the
physiological roles  of  the  free and  bound  auxins  in the  ATJena coleoptile

will  be made  more  distinct.

    The  study  reported  in the  present paper  was  conducted  as  a  part
of  development  of  the  following werks:  that  of  YAMAKi  and  NAKAMuRA
(2> who  reported  that a  fairly large amount  of  ether  extractable  free
auxin  was  found in maize  embryo,  and  that,  although  in a  small  amount

(20% of  that  of  free auxin),  bound  auxin  was  obtained  by alkaiine

hydrolysis from the  embryo  of  maize,  that  of  HoT'rA (7) who  demon-
strated  that  the ether  extractable  auxin  plays  some  role  iii the  dif-
ferentiation and  the  growth  of  the  gametophyte  in a  late stage  of

development,  and  that the bQund auxin  has  close  relations  to the  change

from the one-dimensional  growth  to the two-dimensional  growth  in
Dfl>ropteris efrvthresoj-a.

   The  authors  wish  to thank  Dr. IL SmBAoKA  ancl  Mr.  K. SYONO  for their

suggestiens  and  assistance.
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