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Abstract-IAA oxldase preparations from fresh sweet potato tuber discs oxlchzed IAA only m the presence of 
added phenohc cofactors, dnd the pH optimum for enzyme actlvlty depended on the cofactor used Agemg of 
tuber discs, either by aeration m chstllled water or by mcubahon on moist filter paper, resulted m increased 
peroxldase and phenol-stimulated IAA oxidase actlvltles, as well as the development of IAA oxldase actlvlty m 
the absence of added cofactors High phenolase actlvlty of fresh tuber discs dtcreased conslderablq with agemg 
Phenol-stimulated IAA oxldase actlvlty reached maximal levels before IAA oxldase activity m the absence of added 
cofactors Enzyme preparations from aged tuber discs had double pH optima, similar to those previously 
described for sweet potato root IAA oxldase preparations IAA m the concentration range 10m4 to lo-’ M 
InhibIted the increase m peroxldase and IAA oxldase actlvlties with agemg DCP-shmulated IAA oxldase 
activltles m preparations from both fresh and aged sweet potato tuber discs were mhlblted by manganous Ion 

INTRODUCTION 

IN PREVIOUS communications, I-3 IAA oxldase preparations from sweet potato roots were 
shown to oxidize IAA m the absence of added phenohc cofactors, to have double pH 
optima and to be both stimulated and inhibited by scopoletm as well as caffelc and 
chlorogemc acids Considerable peroxldase and phenolase activities were also found to 
occur m these enzyme preparations Since the peroxldase activity of sweet potato tuber 
discs 1s known to increase with agemg,4s5 and increases m IAA oxldase activities have been 
demonstrated m aged root6 and etlolated seedling7 tissues, IAA oxldase activities of fresh 
and aged sweet potato tuber discs were examined It 1s shown that IAA oxldase actlvrty m 
preparations from tuber tissue also increased with agemg Enzyme preparations from fresh 
tuber discs oxldrzed IAA only m the presence of added phenohc cofactors but the capacity 
for enzymatic IAA destruction m the absence of added cofactors developed with agemg 
Increases m IAA oxldase actlvlty were, however, inhibited when discs were aged m the 
presence of IAA The pH optima as well as the stlmulatlon of enzyme activity by phenohcs, 
m preparatlonsfromfresh and aged tuber discs are compared with these properties m sweet 
potato root enzyme preparations 
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IAA oxldase prepnrdtlon? from sweet potato tubers ~1 be mnde tlthel by an acetone 
powder procedure8 or by the previously described acetone preclpltate method ’ The latter 
procedure used In this mvestlgatlon gave prepnratlons elth higher cnryme ,lctlvlty. despite 
the yellow-brown colordtlon, due to phenohc oxldatlon products uhlch developed m 
homogenates m the course of enzyme preparation bq this method Use of rnsoluble poly- 
vmylpyrrohdone (PVP)’ m the homogemrmg medium did not increase enrqme dctlvlty 
appreclnbly ExtractIon of enzyme prepnr,ttlons with solid PVP resulted m only malgmdl 
(5”$ Increases in IAA OXlddfe dctivitj However enzyme dctikity dccredsed to 46”, of tts 
orlgmal valueafter stdndingdt - 10 , for 6 ddqs In the Lourse of enzyme pt epdration acetone 
preclpltdtes were extracted with phosphnte atrnte buffels of different pHc to give 4 5 6 0 
and 7 0 enzymes as prevlouslq descl lbed ’ ‘Gncc IAA oxldd$c ,Ictlvltles of 6 0 enzyme were 
dlwdys higher than other enzymes, this prcpal,ltlon ~JS used m nil Investigation\ except 
where otherhlse stated 

IAA ov~ddse rtLtl\itj 
pH rcd6tion jtmol IAA dcst hr ml 

Coldctor mlyture* en/\ me 
- ----__-___ 

vo Lordactor 25-70 0 000 
p-Coumarlc ncld 3i 0 uo 
Scopoletm 13 0 124 
Chlorogenv_ aud 4-l 0 I)?!, 
2 4-Dlchlorophenol 6 0 0 25 
4-Methylumbelllferolic 65 0 llox 
Rcsorunol 6 0 0 Ii8 
r-Re\orcyhc dad 60 0 OSO 

Redctlon rmxtures were mcubated at 13 dnd Lontamed 0 125 gmol IAA 32 x IO-’ 
nmol cofactor (except chlorogemc acid ,tnd reaorclnol, i 2 x 10 ’ nmol) 500 /rmol 
phorphatt cltrate buffer at pH’s ds shoun and I 0 ml ewrim~ m ri tot,11 \olumc of 8 0 ml 

* pH s ‘ire optlm‘ll for cofactor stlmulCltlon 

Enzyme prepdratlons mdde from homogenates both m the presence and absence of 
msoluble PVP, by acetone preclpltdtlon and subsequent solublllzatlon of enzyme with 
phosphate-ntrate buffers rn the range pH 4 5-7 0, showed no IAA ould‘ise dctlvlty m the 
absence of added cofactors, m reactlon mixtures of pH 3 S--7 0 Ho\level, prepdrdtlons 
normall) contdined considerdbly higher peroxlddsc (A,4;mm:mg protem = 4 0) and 
phenolase (A.Ajmm/mg protem = 8 0) dctlvltles thnn root enzyme prepdrdtions ’ Data 
(Tdble 1) showed that conslderdble IAA oxiddse dctivity could only bc demonstrated m 
enzyme preparations in the presence of phenohc cofdctora Specific dctlvltle\ of such 
prepardtlons were highest with 2,4-dlchlorophcnol (DCP) (1 7 jmol IAA dcstroyed/hr/mg 
protem) dnd lowest in the presence of chlol ogemc and resow CJ hc Ltclds The pH optima for 
IAA oxldase dctlvlt\i dlffered nlth the cofactor used (Table I) Thus DCP resorcmol, 
resorcyhc dad dnd 4-methylumbelhferone gdve optima at ((I pH 6 0 6 5 and scopoletm, 
chlorogemc acid and p-coumdrlc ‘icld &ocved optlm‘i ‘tt pH 4 -1 4 5 
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When sweet potato tuber discs were aged either by aeration m dlstllled water” or by 
mcubatlon on moist filter paper m a desiccator,’ enzyme preparations from discs showed 
IAA oxldase activity m the absence of added cofactors Such enzyme activity increased to a 
maximum level after 96 hr and decreased thereafter (Fig 1) Peroxldase activity continued 
to increase up to 120 hr, and at that time activity was some 50-fold that m preparations from 
fresh tubers Phenolase actlvltles of fresh tuber preparations decreased to 10% of then 
original value after 96 hr agemg The time to peak IAA oxldase actlvlty varied with the 
tubers used and m some experiments peak activity was attained after 72-hr agemg 
Development of maximal phenol-stimulated IAA oxldase activity preceded the reahzatlon 
of peak enzyme activity m the absence of added cofactors (Fig 2) and actlvltles differed 
according to the cofactor used Thus, enzyme activities after 72-hr agemg were highest m 
the presence of DCP and p-coumanc acid and peak activity m the presence of scopoletm 
andresorcmol was greater than that with 4-methylumbelhferone In contrast to the cofactors 
DCP and p-coumanc acid, rapid increase m the rate of scopoletm, 4-methylumbelhferone 
and resorcmol-stimulated IAA oxldase actlvlty commenced only after 24-hr agemg 

Agemg. hr Agemg, hr 

0 No cofactor 

FIG 1 EFFECTOFAGEINGOU COFACTORINDEPENDENT FIG 2 EFFECTOF AGEING ON IAA OXIDASE AcnvmEs 
IAA OXIDASE, PEROXIDASE AND PHENOLASE ACTIVITIES OF TUBER DISC PREPARATIONS IN THE PRESENCE AND 

OF TUBER DISC PREPARATlONS AB’SYCt OF PHENOLICS 

Changes m IAA oxldase actlvltles were slrmlar whether dgemg was done m diffuse 
daylight m the laboratory or m the dark Storage of tubers at 20” and 27” for up to 5 weeks 
dtd not result m the development of IAA oxldase actlvlty m the absence of added cofactors 
Data (Fig 3) showed, however, that the increase m IAA oxldase actlvlty m the absence of 
added cofactors, on subsequent agemg of discs from stored tubers for 72 hr was higher than 
that previously recorded for fresh tuber preparations (Fig 1) Also, enzyme actlvlty was 

lo RICARDO, C P P and APREES, T (1970) Phytochemutry 9,239 
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cu 40’;,, grenter after 72 hr m prepdratlons from tubers stored at the higher tem- 
perature 

Agemg of sweet potato tuber discs m the presence of IAA inhibited the development of 
both peroxldase and IAA oxldase activity ‘tnd there W‘L\ progressively increased IAA 
mhlbltion of enzyme activltles measured dfter 72 hr with inu-eased IAA concentrdtlon, m 
the range 10e4 to 10~2 M (Fig 4) 

Agelng, hr IAA molar concentration 

FIG 3 EFFECT OF PKL-STORAGI or TI IWKC AI 20 AYI) FIG 3 COl-4CTOR IhIKl’tYUtlT IAA OXIDASL AND 

27’ A\I> SIJBSFQUE~T A<.Llh<, o’i t)t VI LOPMt-NT OF PFROXIDASL A< T,\,T,I S Of I’RtF’4RATIO\~ PROM TUBkR 

COkAClOR I”il~tP~hl~tN I IAA OXII~ASI 4( TIVIIII S I\ 01~ s AG~I) 1 OR 7’ hr 12 1111 PRI Ftkcl 01 IWFTRFYT 

It BLK I)ISC PKI PAKATIO\~ ~o~~IIlllAIIo~~ot IA4 

l Peroxldase 

Enzyme preparations from aged tuber discs were simllnr to preparations from sweet 
potato roots, ’ 3 III their capacity to catalyse the destluctlon of IAA in the dbsence of added 
cofactors However, the specific ,lctivlty of the aged tuber enzyme extr‘lcted from discs after 
96 hr (Fig 1) WIT more than 300 times greater th,m that of the root enzyme ’ The aged 
tuber enzyme wds dlso capable of stimulation dnd mhlbltlon 1~) rcopoletm and chlorogemc 
acid Scopoletm stlmulatlon occurred in the conccntrC+tion gage 2 x IO ~’ to 2 x 10-l 
nmoljml with penk enzyme Clctlvity dt ((I 2 x lo- ’ nmol, ml At hlghcl concentrations. 
mhibitlon of enzyme dctlvlty occur red both m the ple\encc of scopoletm nnd chlorogemc 
acid Enzyme activities m the presence of these dnd other cofactors (Fig 2) were also 
higher than those reported for the 1 oot enzyme 

Data (Fig 5) mdicdted that IAA oxlddse prepardtlons from dged tweet potato tuber discs 
had double pH optima \irnlLil to those m the root enzyme ’ Accordmgly typical 4 5 enzyme 
prepnrations had d mdjor optimum dt dround pH 4 0 dnd lower en/qme activities at pH 
4 5-6 0 TypiLdl 6 0 and 7 0 enzymes showed ma/or dnd mmor pe,iks at pH 5 5-6 0 and 
pH 2 5 respectively IAA oxidasc activities of 6 0 enzyme prepnrdtlons were. however, 
approximdtely three times those of 4 5 and 7 0 enzyme? The pH optima of prepdratlons 
from aged tuber discs, m the presence of added phenohc col;ictors were similnr to those m 
preparations from fresh discs (T,iblc I) 

Mdnganous ion m the pH range 3 O-7 0, dt concentrdtlons rdngmg from 2 x 10e4 to 
2 x 10. ’ nmol/ml did not stimulate IAA oxiddse activity and induced lnhlbltlon at higher 
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concentrations Also, increasing concentrations of manganous ion at pH 6 0 resulted m 
progressively increased mhlbltlon of DCP-stimulated IAA oxldase actlvlty m preparations 
from aged tuber discs (Fig 6) Slrmlar mhlbltlon of DCP-stimulated enzyme actlvlty was 
also observed m fresh tuber discs preparations 
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FIG 5 COFACTOR INDEPFNDENT IAA OXIDASE PH FIG 6 EFFECT OF WANGANOUS ION CONCENTRATION 
OPTIMA OF 4 5 AND 70 ENZYME PREPARATIONS FROM ONDCP-STIMULATED IAA OXIDASEAC~MTYOFTUBER 

AGEDTUBER DISCS DIK PREPARATlONS 

DISCUSSION 

IAA oxldase preparations from fresh sweet potato tuber discs differed from root prepara- 
tions m their mabllrty to catalyse the destruction of IAA m the absence of added cofactors 
Enzyme activity could, however, be demonstrated m these preparations with added phenohc 
cofactors The pH optimum for IAA oxldase actlvlty depended on the phenohc used, and 
optima for scopoletm’ and chlorogemc acid3 were snmlar to those found m the root 
enzyme, at around pH 4 Dlchlorophenol, resorcmol and 4-methylumbelhferone showed 
optima at around pH 6 IAA oxldase m the presence of scopoletm and chlorogemc acid, 
peroxldase, andpartlcularlyphenolase actlvltlesm fresh tuber preparations were also greater 
than those m root preparations 2*3 

There was a 50-fold increase m peroxldase activity with agemg, which compared 
favourably with IO-fold4 and IOO-fold’ increases m actlvlty of this enzyme previously 
demonstratedm sweet potato tuber discs, aged m the absence and m the presence of ethylene, 
respectively Agemg also resulted m the development of IAA oxldase activity m the absence 
of added cofactors Such activity reached peak levels after 96 hr However, peroxldase 
continued to increase up to 120 hr and phenolase actlvlty decreased considerably with 
agemg Shannon et al 5 demonstrated de nouo synthesis of peroxldase lsozymes m sweet 
potato discs aged m the presence of ethylene Such de nouo synthesis of peroxldase could 
explain the increase m IAA oxldase actlvlty with agemg m our preparations However, the 
decrease m IAA oxldase activity after 96-hr agemg, despite ful ther increases m peroxldase 
activity ~smterpreted to mean that factors other than peroxldase synthesis were responsible 
for the observed IAA oxldase actlvlty m the present experiments 



116 G SIRJL nnd L A Wtrsoz 

The development of IAA oxldase activity m the absence ofcofactors with agemg suggested 
that either synthesis of cofactor(s) or disappearance of mhlbltol(sl might be Involved m the 
expression of enzyme activity m aged tuber discs The specific activity for IAA oxldase from 
such discs wds some 3Wlold that observed m sweet potdto root enzyme preparations 
Comparisons of phenol-stimulated IAA oxldase activity in fresh dnd dged tubors dlso 
indicated that Increases in scopoletm I?-coumaric acid and DCP-stimuldted enzyme 
actlkltywlth agemg were from 350 to 4%) tnncr the actlvltley in fresh tube1 p~epdlatlons dnd 
were therefore of d much hlghsr order than the 50-fold increase 111 petoviddse .ictivit\i 
which occurred with agemg Lme;ir reldtionshlp\ between peroxiddse and IAA oxldase 
actlvltles recorded m cotton Icave\’ ’ were not evident m the s\\eet potato tuber disc 
system The inverse reldtlonshlp betBeen phenolase dnd IAA ovlddse actl\ities 
recorded (Fig 1) indicated that phenoldse enzymes’ I2 were probdbl] not mlolved m 
the IAA oxldase actl\lty of \weet potato tuber prepdrdtions However the posslblhty of 
participation of a specific protein other than peroxldase m IAA dest1uctlon’3 cannot be 
excluded 

IAA oxldase preparations from fresh and aged sweet potato tuber discs ivere stimuldted 
by a range of phenohcs previously shown to be cotactors for IAA oxldase systems The low 
level of stimulation by r-resorqhc’acld with optimdl activity at around pH 6 wds simildr 
to data reported by Mat0 I4 Scopoletm and chlorogemc dcid stimuldtions occurled at 
lower concentrdtlons than those used with the root enzyme ’ A Stimuldtorq concentrations 
of scopoletm were also of a lower order than those recorded for peroxldase lsorymes by 
Schdfer et ul ” The chnngmg pH optimum with different cofdctois dgieed with ddta 
presented by Janssen I6 1 7 lnhlbltlon of IAA oxiddse actlvitl by a nlde concentrntion range 
of manganous 1011 m the presence of DCP’* I’) uas not due to the presence of high 
concentrntlons of manganous ion m the enzyme preparations used 

Storage of tubers prior to dgemg increased IAA oxiddse nctlvit> in the absence of cofactors 
which developed m aged tuber disc prepdratlons Tubers prestored at 27- germmated during 
storage dnd developed higher enzyme Mivlties thdn tubers stored dt 70 Gc~mmatlon 
and growth of tube1 s m the presence of light wdb shown by Akltd ~‘r (I/ ‘I’ to increase IAA 
oxldase dcti\ity dnd to reduce IAA content of “mothel” tubers These changes were 
associated with enhancement of llgntf&tlon and suppression of cell prohferatlon, cell 
expansion andcarbohydrate storagecompdred with tubers growing In the dark Oul results 
showed that IAA restrlcted the development of both peloxlddce and cofactor independent 
IAA oxldase activity with dyeing Similar suppression of n peloxiddse lsozyme bl IAA 
during agemg of pea stem trssue was recorded by OkerTe clt ~1 ‘I Since peroxldase IS known 
to function asa lignm polymer,isc”2 and hgnm precursor\ c g p-coumanc dcldz3 dre known 
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to occur m sweet potato tubers,24 the above results might indicate that an IAA/IAA oxldase/ 
peroxldase system plays a critical role m the regulation of hgmficatlon versus ceil prohfera- 
tlon and expansion during tuber development, as suggested by Wllson,25 Wilson and 
Lowe 26 IAA has also been shown to stimulate peroxldase genesis m root2’ and callus2* 
tissues, respectively, and stlmulatlon/mhlbltlon effects of 2,4-D on tobacco callus peroxldase 
lsozymes associated with growth enhancement and reduction demonstrated 29 The regu- 
latory effects of IAA on peroxldase genesis rmght, therefore, reflect the finding by 
Gautheret3’ that high auxm concentration inhibited vascularlzatlon of Jerusalem artichoke 
callus, while low concentrations enhanced it A specific peroxldase lsozyme has now been 
linked with hgmficatlon m sweet potato tuber tlssues31 and high IAA concentrations have 
been shown to mhlblt the hgnm polymerase activity of peroxldase preparations 32 

EXPERIMENTAL 

Materrals Sweet potato (cv 049) tubers were harvested from the field and used for enzyme preparation or 
agemg as soon as possible thereafter In storage experiments tubers were washed with tap Hz0 swabbed with 
EtOH, dried and placed m storage rooms at either 20” or 27” 

Agerng of tuber drscs DISCS (10 x 1 5 mm) were cut from 10 mm dla cylmders with a gmllotme, washed 
3 x H,O and aged by contmuous aeration m a large vol of H20, which was changed 2 x durmg the first 4 hr and 
at 12-hr intervals thereafter Agemg was also carried out by placmg washed discs on moist filter paper m Petri 
dishes m a 12-1 desiccator, contammg a saturating quantity of H,O 

Enzyme preparation and assay Enzyme preparation and assay of IAA oxldase, peroxldase (gualacol) and 
phenolase (catechol) actlvlties, mcludmg adJustment of the pH optimum of reactlon mixtures were carried out as 
previously described l-3 Reaction nuxtures for IAA oxldase actlvltles were incubated at 33” and contained 0 125 
pmol IAA, 3 2 x IO-’ nmol DCP or other cofactors except where otherwise shown m tables or figures, 500 pmol 
phosphate-citrate buffer pH 6 0 or as Indicated and 10 ml enzyme m d total vol of 8 0 ml Protein contents of 
enzyme preparations were determmed by the Folm method 33 
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