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'I'he

 naturc  of  macromolccular  
`[auxiu

 protcctor substances''  causing  Iag pcriods

         t'athet'  than  inhibit,ien in thc  ratc  of  IAA  oxidatien  was  re{nvestigated.  Three  diflerent

         pcakg were  separated  by Sephadex  gcl filtration; each  was  thcn  examined  by rneans

         of  enzymatic  (IAA oxidase,  peroxidase) and  elcctrophoretic  techniqucs  and  corrclated

         with  the activities  of  both cnzymcs  ancl  with  zyrriogram  patters, The  auxin  protector

         activity  ol' the high molecular  weight  fractions increased aftcr  high temperature  treat-

         ment,  On  thc basis of  experiments  involving dialysis and  chromatography  beforc

         and  a{'ter  heatimg, auxin  protectors appcar  to be cori]plexcs  of  macromolecules  w'ith

         sinall  inolecules,

    
'1'he

 mechanisms  through  which  indoleacetic acid  (IAA) level is reffulated                        v tt  '-'
have  remained  obscure  although  some  attention  has been paid to enzymes  of

synthesis  (1), coTljugation  (2, B) and  destruction (4). One  ne",  contribution  to

an  undcrstanding  of  the control  of  destruction rates  has been  the discovery of  so-

called  macromolecular  
C`auxin

 protectors'' bsr Yoneda  and  Stonier (5) and  Stonier

and  Yoneda  (6). 7'he sparing  action  of  these  substances  on  auxin  dcstruction

is based on  the  induction ofa  lag period rathcr  than  on  an  alteration  of  the rate  of

IAA  oxidation,  The  changcs  in level of  auxin  protectors during dev(',lopment and

the pattern of  their  distribution in various  piant parts C7> makes  reasonable  the

suggestion  that. IAA-induced  pr()cesses may  bc controlled  indirecLIy by the level
of  these  substanccs,  A,fany low  riiolecular  weight  substances  arc  considered  to

fiinetion in a  siniilar  way,'  these  include various  phenolic compounds  (4, 8-JO),

flavonoids (il), man.crancsc  (12, 13) and  plant acids  ",orking  threugh  inhibition

of  catalase  (14). IIillman ancl  Galston (19) have  shown  that  the  control  of  the

rate  of  IAA  oxidation  by Mn"'  and  phenols depcnds  on  the molar  ratio  of  these

compounds;  similarly  Stonier, RodriguezJl'ormes  and  Yoneda  (15) suggestcd  that

manganese  promotes  IAA  oxidation  through  inactivat.ion of  the  macromolecular

i`auxin

 protc:ctors". Our  experiments  lead us  to  the belief that  the auxin  protector
systems  of'  Pharbiti.s tzit are  actually  low-molecular Micight  efllective  compounds

bound to inactive macroniolecules.
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of  the  Du  Pont  Experimental  Station, Wilmington, Del, and  were  used  throughout
this study.  To  achieve  maximum  germination, the seeds  were  treated  for 5-90  min

(depending on  their water  content)  with  concentrated  sulphuric  acid,  kept under

30=C  running  water  over  night,  and  germinated  on  wet  sand  in Petri dishes fbr
24 hr in darkness, Finally they  were  planted in small  pots fi11ed with  vermiculite

and  cultivated  under  continuous  light at  23CC. The  commercially  obtained  plant
nutrient  

``Hyponex"

 further enriched  with  chelated  iren was  used.  Cotyledons
of  different ages  were  excised  and  used  immecliately lbr extraction  of  protectors
and  enzymes,

i. Iixtraation of auxin  Protectors,

    The  methods  of  Stonier et at, (15, 16) were  used,  One  g fresh weight  of  tissue
was  ground  per ml  cold  20 mM  phosphate  buffer, pH  6.1 in a  chi]led  mortar  with

sand.  The  homogenate was  squeezed  through  2 layers of  cheese  cloth  and  cen-

trifugecl at  6000xg  for 15min  in a  refrigerated  centrifuge,  The  supernatant

fluid was  either  further processed or  immediately  applied  to the  chromatographic

column,  All proc¢ dures were  performed  in a  colcl  room  at  2-4eC.

2. Mactionation.

    Gel  filtration was  performed by  means  of  a  Sephadex G-50  column  C14×
300mm).  The  flow rate  (20mM phosphate buflbr, pH  6.1) was  O.37mllmin,
and  approximately  4.0 ml  f}ractions were  collected,  The  fractions were  collected

in the  cold  roem,  frozen as  soon  as  possible, and  kept in a  deep-freezc until  use,

but no  longer than  several  clays.

3, Reaction mixture.

    The  reaction  mixture  contained  O.2-I mi  of  a  particular extracted  fraction,
O.1 mM  2,4-dichlorophenol, O.1 mM  manganese  chloride,  O.1 m}t  of  IAA  and  horse-
radish  peroxidase (HRP; Nutritional Biochemicals Co.) in a  final concentration

Qf  O.2 "glml. Substances werc  added  to the  O.02 M  potassium phosphate buflt]r,

pH  6.1 in the  order  stated.  The  final v61ume  was  lO ml,  and  the  reaction  permitted
to proceed  in 25 ml  Erlenmeycr  flasks placed in Dubnoff  metabolic  shaking  incu-
bators at  320C. Where  endogenous  IAA-oxidase  determinations were  to be made,
the HRP  was  omitted.

4. Cbtorimetric assap,  of IAA  oxidation.

    At given intervals after  the  start  of  the  reaction  1 ml  aliquots  were  removed

and  mixed  with  2ml  of  Salkowski reagent  (J7), The  color  developed was

measured  after  at  least 20 min  in a  Bausch and  Lomb  Spectronic-20 colorimeterl

a  mixture  of  I ml  of  distilled water  with  2 ml  of  Salkowski reagent  was  used  as  a

blank.

5. Peroxidose assay.

    The  reaction  mixtur ¢  containcd  0.l M  phosphate  buffer, pH  5.8, guaiacol
15 mM  and  hydro.oren peroxide 15 mM.  After addition  ol' an  aliquot  ofa  particular
fraction, the  reaction  was  foIlowed by rccording  the  optical  density at  470nrn
every  l5sec  fbr 2min  in a  Beckman-Gilfbrd  spectrophotometer.  The  averag ¢
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difllerence between  readings  in ihe  linear phasc of  reaction  was  used  fbr deter-

mination  of  peroxiclativc activity  of  fi'actions,

6. Dialysi,s' and  heatin,g trealvnents.

    Dialysis of  the  supernatant  obtained  aL'ter  the  centrifugation  of  extract  was

against  l liter of  20 mbr  phosphatc  buflbr for 24 hr at  i)"C:. Particular fractions

obtained  from gel filtration were  dialyzed fbr shorter  times  as  stated  below. Heat-

ing was  p ¢ rformed  in water  bath at  95-980C for 5 min,  Tubes  with  1 ml  or  less

ol' the  particular t'raction were  immediately  cooled  and  used  fbr assay,

7. Electrophoresis and  gel scannin.ff.

    Starch gcl clectrophoresis  of  peroxidases was  performecl as  alread},i  dcscribed

(18), The  zymograms  were  photographed  with  Polaroid instant film; thc gels

wcre  also  quantitativc;1>, scaRned  in the  spectrophotomcter  equipped  with  a  linear

trarisport assernbly,  and  the rcsults  automatically  recordcd,  The  activity  of  par-

ticular isoperexidases could  be deterrnined by  calculation  of  the  area  under  the

curves.

                                Re$ults

1, D'ist'ributiorz qf a,"xin Prolector substandes,  Peroxidase aiid IAfl oxicla,re  in .fractions
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 Distribution ofPeroxidase, LIA oxidase  and  auxin  Protector actit,iij,

of the extracgs  of 10-d4y old  M  coopledons  pter gel fittration. Ex-
and  assay  procedure same  as  alrcady  described under  Fig. 1,

.lE

  1sitt'Qo[vo928i.ULoE

                         F･ roction  numbef

Fig, 3. Illiect of' diaijsis on  the distribution ofMA  Protector substances  in
extract

 of WTvariety, (-) control  (not-heated), (va) heated. Dialysis
was

 perfbrmed as  described in Methods  for 24hr. Contents of  dialysis
bag wcre  then  immediately  applied  to the Sephadex  column  and  only

3 ml  fractions collected.  All procedures werc  carried  out  below  5CC
and  fractionation itseU' under  1-20C]. Heating  was  done  after  gcl
filtration and  was  performed  with  cvery  fraction as  described in
Methods.  O.5ml  aliquots  used  lbr assay.  Dialysate (11iter) was

concentrated  under  vacuum  at  80UC  to a  volume  of  l7,4 mll  however,
e.5ml and  1ml  portions  of  it did not  cause  any  delay of  IAA
clestruction, In several  cases  the  conditions  were  such  that  even  aftcr

12D min  of  reaction  the IAA  was  iiot  destroyed by  HR?  or  endogenous

IAA  oxidase.  Such cases  are  indicated by  arrows  ovei'  some  bars,
since  the  reaction  was  not  measured  beyond  l20 min,
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are  discussed.
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          qf'heating on  the {turitt  Pi'otector ttvg'ic'it.), of .fi'act'ioris fLt'crudb

hotnogenate tdikeft qfi' she Se.pitftdex cotumi't, 4 ml  I'riictio]is were  {r,o]lected.

         O,5 and  O.3 inl  aliquets  of  nen-treated  fractlvns assayed

          O,5ml,  heated,  (Variety M'T.)

         oxidase  and  I.ilP-pi'otecter substanc;c  aciivitics  wcrc  dctcr-

 highest molecular  
'weight

 active  fractions (ProtecLor A) taken  from  the

       presentecl in Fig. I and  2 fbr the  N'VT and  ]Vf varieties,  re$pec-

          the IAA  oxidase  activitv  in both cases  does not  follow the                               i

        actually  thc  pcak  of' peroxiclase activity  occurs  in fractions

        IAA-oxidase  activi't>, is very  low. It might  be suggested  from

     hibitory substanL'es  (in this case  Protccto]" A) must  bc prcsent in

          inhibit IAA  oxidase  and  that  this inhibition is specific  in

        peroxidase activity.  Nevcrtheless in soille  of  the  cxperim ¢ nts

     cot>,ledons  ot'  ),1 variety  the pa.ttern shown  in 1"ig. 2 has been

         apparent  lack of  the auxin  protector A  activity  in the criti-

        We  believe that  [he  inhibitory substanccs  are  riot  always

     conditions  of  assay  invo]ving inhibition of  IAA  oxidation  by

           wi]1  be examined  ]ater, when  the  heating experiments

           and  hi.oh leniperature treatmenls oit the firoPertie,r of' inhibitotv

     extracts  li"orn 10 day-old WT  cotyledons  are  dialyzed for 24 hr

          to separation  on  the  Sephadex colunm,  all  auxin  protcctor
      traction 17 arc  lost /(Fig.  3, compare  black bars in Fig. 4>. Fur-

        protector activit>.  occurs  as  a  resuit  of  heating the residues

    fractions decrease and  others  increase in activit}r.  The  increase                                               '

      
,
 after  heat treatment  was  confirmed  in an  experiment  in which

       extract  was  used  for fractionation /[l;ig, 4･1/. Except fbr the
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Fig. 5. tSZ7lect of simiiar  treatments as  described in Fig. 3 and  4 on  the
inhibito[J, substances  of' high 2nolecular  .iS'actiens extracted  

.fi'om
 vari-ep  A4.

Extraction and  assays  saine  as  in Fig, I. Then  O.3ml was  usedi  for
regular  inhibitor assay  (--), O.5m!  heated (see Methods)  and  O.Sml

aliquots  then  used  (--･･-), O.3ml  dialyzed for 3hr  against  O.02M

phosphate bufler (at ICC) with  scveral  changes  (...)i O.5 ml  heated,

then  dialyzed as  above  and  O.3 ml  aliquet  used  (-.-.-).

smallest  molecu]ar  weight  fractions (high numbers),  heating increased the  inhibitory
activity,

    As was  already  pointed out  in soin ¢  experiments,  the highest molecular  weight

protector fraction seemed  to be absent  tl'om 10 day-old  cotyledons  of  M  variety,

although  it was  always  present in VNJ[Ei (s¢ e  biig, 1 and  2), The  heat technique
was  employed  to sce  whether  any  latent protector activity  resided  in appropriate

eluates  from  M  extracts.  Fig. 5 shows  that  there  is initially very  iow  protector
activity,  which  is unaffected  by  dialysis, Aft£ r heating, such  activity  appears,

and  is not  completely  dialyzable,

S. 
'lsoenaymic

 Pattern of' Peroxidases in peroxidase and  MA-oscidase rich  fiactions.
    Electrophoretic studies  were  conducted  to determine thc  relationship  among

perexidase isoenzymes, IAA  oxidase  and  inhibitory compounds.  Three con-

clusions  could  be drawn  from these  experiments:  1. In the  different fractions
obtained  by means  of  gel filtration dithrent isoenzymes of' peroxidase appear,  as

revealed  by starch  gel electrophoresis,  2. Totai peroxidase activity  of  the  homo-

genate is always  lower than  the  total  activity  of  pcroxidase isoenzyme  measured

from electropherograms,  3. 
rThe

 activity  of  IAA  oxidase  does not  fbllow any  of

peroxidase isoc-nzymes. Fig. 6 depicts an  electropherogram  of  the  peroxidase
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Fig, fl, Perexidase

at'tract.from  10-cbv'isoen.r..ytnes

 ohtained  qf}ei' eiectroPhoresis  of' lhe  arttde

old  aoi,),tetlons qf' il4  i'ariety.

;
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o

isocnzymes extracted  t"rom the  le day-olcl cotyledons  of  A･{ vari ¢ ty. Basically
two  cationic  (CI and  (II) and  lhree  anionic  (AI, All  and  .AIII)  isoperoxidases
were  present in this  stage  of' developinent, VV'1i gave siinilar  resu]ts.  If the  entirc

supernatant  was  first chromatographeti  on  a  Sephadcx  G-50 column  ancl  each

fraction then  separated  by electrophoresis  the  results  in Tablc  1 are  obtained.

It is clear  that  the  earliest  (iargest mol.  weight)  fractionti are  high  in anionic

isozymes and  that  the ratio  of  cationic  : anionic  isoperoxidase activity  inereases

progressively with  dec;reasing size  of  the  fi action,  Isoperoxidases AII and  AIII
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are  present  only  in higher mo]ecuiar  "'eight  fractions, The  ratio  of  CIICII is

rela{ively  constant  in all  fractions (about O.39). In these  preliminary experiments

no  further attempts  have  been  made  to correlate  thc content  of  auxin  protector
substances  with  the quality, and  quantity of  bands  on  electropherograms.

                                     '
                               Discussion

    Recently, several  reports  dealing with  high molecular  weight  enzyme  inhibitor

have appeared  in addition  to those  of  Yoneda  and  Stonier. Bradshaw, Chapman
and  Edelman  (19) fbund  such  inhibitors fbr iHvertase, Ridge  and  Osborne (20)
confirmed  thc existcnce  of  high molecular  weight  inhibitor of  peroxiclase, Lane

and  King  <14) establishcd  a  mode!  fbr a  catalase-induced  lag period in IAA  de-
struction  by  IAA-oxidase  while  Phipps  (ii) had  already  described a  proteinaceous
inhibitor of  the  same  enzynie  in 1965. In most  of  these cases,  

'th
¢  high  molecular

weight  compounds  were  heat-labile. 0ur  own  results  suggest  that  while  some

inhibitory･ materia}s  may  be heat labile and  dialyzable other  dialyzed high molecular
weight  fractions show･  an  increased partially dialyzable inhibitory activity  after

heating. This  suggests  that  protector substances  are  in fact small  molecules  bouncl
to the  larger, pr¢ sumably  proteinaceous heat labile carriers.

    From  Table  1 and  Fig, 1 and  2 it appears  that  IAA  oxidase  possesses a  broader

molecular  weight  distribution than  other  peroxidase isoenzymes. This might  bc

partia]ly due to the presence of  auxin  protector substances  in the  zymograms,  as

suggested  by  Yoneda  and  Endo  (22). We  suspect  that  similar  interference exists

in our  electrophoretic  experiments.  The  almost  complete  absence  of  separable

bands  in fraction No, 4 (see Table  1) and  the  high  efflciency  ef  the  endogenous

IAA  oxiclase  of  the  same  l'raction in the  reactien  mixture  could  be explained  by
the  coincidence  of  auxin  protectors and  isoperoxidases in gels,

    The  present view  that  IAA  oxidase  is one  of  the peroxidase isoenzymes  has

received  much  recent  attention.  Stutz (2B), and  Galston, Lavee and  Siegel (I8),
proposed  a  model  according  to which  the  enzyme  contains  two  active  sites, one

fbr IAA  oxidation,  the  otlrer  lbr peroxidase activity.  There  is evidence  both for

(24) and  against  (25) the  view  that  the  protein of  peroxidase has IAA  oxidative

activity  but no  peroxidative activity･.  Janssen i(26,  27) suggested  that  not  only

peroxidase ancl  IAA  oxidase  but also  polyphenoioxidase activities  from  pea roots

are  due to one  enzyme.  Some  authors,  however,  have  established  that  some

preparations of  enzyme  have only, IAA  oxidase  (28, 29) and  no  peroxidase activity.

Our  results  (T7able 1, Fig. I and  2) incline to a  similar  conclusion.

{1)

(2)

(3)

(4)
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