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Abstract—IAA oxidase preparations from fresh sweet potato tuber discs oxidized IAA only 1n the presence of
added phenolic cofactors, and the pH optimum for enzyme activity depended on the cofactor used Ageing of
tuber discs, either by aeration in distilled water or by incubation on moust filter paper, resulted in increased
peroxidase and phenol-stimulated IAA oxidase activities, as well as the development of IAA oxidase activity 1n
the absence of added cofactors High phenolase activity of fresh tuber discs decreased considerably with ageing
Phenol-stimulated IAA oxidase activity reached maximal levels before IAA oxidase activity in 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 oxidase preparations IAA i the concentration range 107% to 1072 M
inhibited the mcrease i peroxidase and IAA oxidase activities with ageing DCP-stimulated [AA oxidase
activities in preparations from both fresh and aged sweet potato tuber discs were inhibited by manganous ion

INTRODUCTION

IN PREVIOUS communications,!~> IAA oxidase preparations from sweet potato roots were
shown to oxidize IAA 1n the absence of added phenolic cofactors, to have double pH
optima and to be both stimulated and inhibited by scopoletin as well as caffeic and
chlorogenic acids Considerable peroxidase and phenolase activities were also found to
occur 1n these enzyme preparations Since the peroxidase activity of sweet potato tuber
discs 1s known to increase with ageing,*° and increases in IAA oxidase activities have been
demonstrated in aged root® and etiolated seedling” tissues, IAA oxidase activities of fresh
and aged sweet potato tuber discs were examined It1s shown that IAA oxidase activity in
preparations from tuber tissue also imcreased with ageing Enzyme preparations from fresh
tuber discs oxidized IAA only in the presence of added phenolic cofactors but the capacity
for enzymatic IAA destruction 1n the absence of added cofactors developed with agemng
Increases in IAA oxidase activity were, however, inhibited when discs were aged in the
presence of IAA The pH optima as well as the stumulation of enzyme activity by phenohcs,
n preparations from fresh and aged tuber discs are compared with these properties in sweet
potato root enzyme preparations
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RESULTS

IAA oxidase preparations from swect potato tubers can be made either by an acetone
powder procedure® or by the previously described acetone precipitate method ' The latter
procedure used n this investigation gave preparations with higher enzyme activity, despite
the yellow-brown coloration, due to phenohc oxidation products which developed m
homogenates in the course of enzyme preparation by this method Use of insoluble poly-
vinylpyrrolidone (PVP)? mn the homogenizing medium did not mcrease enzyme activity
appreciably Extraction of enzyme preparations with solid PVP resulted in only mairginal
(5°) increases in IAA oxidase activity However enzyme activity decreased to 467, of 1ts
original value after standingat — 10 .for 6 days In the course of enzyme preparation acetone
precipitates were extracted with phosphate citrate bufters of different pHs to give 45 60
and 7 0 enzymes as previously described * Since TAA oxidase activities of 6 0 enzyme were
always higher than other enzymes, this preparation was used mn all mnvestigations except
where otherwise stated

TABLI 1 STIMUTIATION OF JAA OXIDASI ACTIVITY IN FRISH TUBIR PREPARATIONS BY PHENOI IC
COF AC TORS

TAA oxidase activity

pH reaction pumol TAA dest hr ml
Cofactor mixture* enzyme
No cofactor 25-70 0000
p-Coumaric acid 48 0 540
Scopoletin 44 0124
Chlorogenic aud 44 0029
2 4-Dichlorophenol 60 02KS
4-Methylumbelhiferonc 65 U208
Resorcinol 60 0138
v-Resorcylic acid 60 0080

Reaction muxtures were mcubated at 33 and contamned 0 125 ymol JIAA 32 x [07°
nmol cofactor (except chlorogenic acid and resoranol, 32 x 10 * nmol) 500 wumol
phosphate atrate buffer at pH’s as shown and 1 0 ml enzyme 1 a total volume of 80 mi

* pH s are optimal for cofactor stimulation

T AA oxidase preparations from fresh tuber discs

Enzyme preparations made from homogenates both in the presence and absence of
msoluble PVP, by acetone precipitation and subsequent solubihization of enzyme with
phosphate-citrate buffers in the range pH 4 5-7 0, showed no TAA oxidase activity in the
absence of added cofactors, n reaction mixtures of pH 25-70 However, preparations
normally contained considerably higher peroxidase (A4;min,mg protein = 40) and
phenolase (AA/min/mg protein = 8 0) activities than root enzyme preparations © Data
(Table 1) showed that considerable TAA oxidase activity could only be demonstrated 1n
enzyme preparations 1n the presence of phenohic cofactors Specific activities of such
preparations were highest with 2,4-dichlorophenol (DCP) (1 7 umol T1AA destroyed/hr/mg
protem) and lowest in the presence of chlotogenic and resoicylic acids The pH optima for
TAA oxidase activity differed with the cofactor used (Table 1} Thus DCP resorcinol,
resorcylic acid and 4-methylumbelliferone gave optima at ca pH 60 6 5 and scopoletin,
chlorogenic acid and p-coumaric acid showed optima at pH 44 435
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Effects of ageing on I AA oxidase activity of sweet potato tuber disc preparations

When sweet potato tuber discs were aged erther by aeration in distilled water!® or by
incubation on moust filter paper m a desiccator,’ enzyme preparations from discs showed
TAA oxidase activity 1n the absence of added cofactors Such enzyme activity increased to a
maximum level after 96 hr and decreased thereafter (Fig 1) Peroxidase activity continued
toincrease up to 120 hr, and at that time activity was some 50-fold that in preparations from
fresh tubers Phenolase activities of fresh tuber preparations decreased to 109 of their
original value after 96 hr ageing The time to peak IAA oxidase activity varied with the
tubers used and 1in some experiments peak activity was attained after 72-hr ageing
Development of maximal phenol-stimulated IAA oxidase activity preceded the realization
of peak enzyme activity in the absence of added cofactors (Fig 2) and activities differed
according to the cofactor used Thus, enzyme activities after 72-hr ageing were highest in
the presence of DCP and p-coumaric acid and peak activity in the presence of scopoletin
andresorcinol was greater than that with 4-methylumbelliferone In contrast to the cofactors
DCP and p-coumaric acid, rapid increase mn the rate of scopoletin, 4-methylumbelliferone
and resorcinol-stimulated IAA oxidase activity commenced only after 24-hr ageing
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Changes 1n IAA oxidase activities were stmilar whether ageing was done i diffuse
dayhght in the laboratory or in the dark Storage of tubers at 20° and 27° for up to 5 weeks
did not result 1n the development of IAA oxidase activity in the absence of added cofactors
Data (Fig 3) showed, however, that the increase in IAA oxidase activity in the absence of
added cofactors, on subsequent ageing of discs from stored tubers for 72 hr was higher than
that previously recorded for fresh tuber preparations (Fig 1) Also, enzyme activity was
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ca 40°, greater after 72hr i preparations from tubers stored at the higher tem-
perature

Ageing of sweet potato tuber discs in the presence of IAA inhibited the development of
both peroxidase and TAA oxidase activity and there was progressively mncreased IAA
inhibition of enzyme activities measured after 72 hr with increased IAA concentration, n
the range 107 * to 1072 M (Fig 4)
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I AA oxidase pieparations from aged sweet potato tuber discs

Enzyme preparations from aged tuber discs were simular to preparations from sweet
potato roots,' 3 their capacity to catalyse the destiuction of IAA 1n the absence of added
cofactors However, the specific activity of the aged tuber enzyme extracted from discs after
96 hr (Fig 1) was more than 300 times greater than that of the root enzyme * The aged
tuber enzyme was also capable of sttmulation and inhibition by scopoletin and chlorogenic
acid Scopoletin stimulation occurred m the concentration range 2 x 10°% to 2 x 107?
nmol;/ml with peak enzyme activity at ca 2 x 10~ *nmol, ml At higher concentrations.
mhibition of enzyme activity occutred both m the presence of scopoletin and chlorogenic
acid Enzyme activities in the presence of these and other cofactors (Fig 2) were also
higher than those reported for the 100t enzyme

Data (Fig S)indicated that IAA oxidase preparations from aged sweet potato tuber discs
had double pH optima similat to those in the root enzyme ? Accordingly typical 4 5 enzyme
preparations had 4 major optimum at around pH 4 0 and lower ensyme activities at pH
45-60 Typical 60 and 70 enzymes showed major and minor peaks at pH 55-60 and
pH 25 respectively TAA oxidase activities of 60 enzyme preparations were, however,
approximately three times those of 4 5 and 70 enzymes The pH optima of preparations
from aged tuber discs, 1n the presence of added phenolic colactors were sinular to those 1n
preparations from fresh discs (Table 1)

Manganous 1on in the pH range 30-70, at concentrations ranging from 2 x [0~* to
2 x 107 ' nmolyml did not stimulate TAA oxidase activity and induced inhibition at higher
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concentrations Also, increasing concentrations of manganous 1on at pH 6 0 resulted n
progressively increased inhibition of DCP-stimulated IAA oxidase activity in preparations
from aged tuber discs (Fig 6) Simular inhibition of DCP-stimulated enzyme activity was
also observed 1n fresh tuber discs preparations
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DISCUSSION

TAA oxidase preparations from fresh sweet potato tuber discs differed from root prepara-
tions in their mability to catalyse the destruction of IAA 1n the absence of added cofactors
Enzyme activity could, however, be demonstrated in these preparations with added phenolic
cofactors The pH optimum for IAA oxidase activity depended on the phenolic used, and
optima for scopoletin? and chlorogenic acid® were similar to those found in the root
enzyme, at around pH 4 Dichlorophenol, resorcinol and 4-methylumbelliferone showed
optima at around pH 6 IAA oxidase in the presence of scopoletin and chlorogenic acid,
peroxidase,and particularly phenolase activitiesin fresh tuber preparations were also greater
than those 1n root preparations 2

There was a 50-fold increase 1n peroxidase activity with ageing, which compared
favourably with 10-fold* and 100-fold® increases m activity of this enzyme previously
demonstratedin sweet potato tuber discs, aged in the absence and in the presence of ethylene,
respectively Ageing also resulted in the development of JAA oxidase activity i the absence
of added cofactors Such activity reached peak levels after 96 hr However, peroxidase
continued to increase up to 120 hr and phenolase activity decreased considerably with
ageing Shannon et al > demonstrated de novo synthesis of peroxidase 1sozymes 1n sweet
potato discs aged in the presence of ethylene Such de novo synthesis of peroxidase could
explain the increase 1n IAA oxidase activity with ageing in our preparations However, the
decrease m TAA oxidase activity after 96-hr ageing, despite fui ther increases in peroxidase
activityisinterpreted to mean that factors other than peroxidase synthesis were responsible
for the observed IAA oxidase activity in the present experiments
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The development of IAA oxidase activity in the absence of cofactors with ageing suggested
that erther synthesis of cofactor(s) or disappearance of inhibitor(s) might be involved in the
expression of enzyme activity in aged tuber discs The specific activity for IAA oxidase from
such discs was some 300-fold that observed in sweet potato root enzyme preparations
Comparisons of phenol-stimulated IAA oxidase activity 1n fresh and aged tubers also
indicated that increases in scopoletin  p-coumaric acid and DCP-stimulated enzyme
activity with ageing wete from 350 to 430 times the activities in {resh tuber preparations and
were therefore of a much higher order than the 50-fold increase in peroxidase activity
which occurred with ageing Linear relationships between peroxidase and IAA oxidase
activities recorded 1n cotton lcaves!! were not evident m the sweet potato tuber disc
system The inverse relationship between phenolase and IAA oxidase activities
recorded (Fig 1) mdicated that phenolase enzymes® '? were probably not mvolved n
the TAA oxidase activity of sweet potato tuber preparations However the possibility of
participation of a specific protein other than peroxidase in IAA destruction®? cannot be
excluded

IAA oxidase preparations from fiesh and aged sweet potato tuber discs were stimulated
by a range of phenolics previously shown to be cotactors for IAA oxidase systems The low
level of shmulation by s-resorcylic’acid with optimal activity at around pH 6 was similar
to data reported by Mato '* Scopoletin and chlorogenic acid stimulations occurted at
lower concentrations than those used with the root enzyme ' ? Stimulatory concentrations
of scopoletin were also of a lower order than those recorded for peroxidase 1sozymes by
Schafer et al'® The changmng pH optimum with different cofactors agieed with data
presented by Janssen '© 17 Inhibition of IAA oxidase activity by a wide concentration range
of manganous 1on n the presence of DCP'®'® was not due to the presence of high
concentrations of manganous ion 1n the enzyme preparations used

Storage of tubers prior to ageing increased IAA oxidase activity 1n the absence of cofactors
which developed i aged tuber disc preparations Tubers prestoredat27 germinated during
storage and developed higher enzyme activities than tubers stored at 20 Germination
and growth of tubers in the presence of light was shown by Akita er al *" to increase 1AA
oxidase activity and to reduce IAA content of “mothet” tubers These changes were
associated with enhancement of hgnification and suppression of cell proliferation, cell
expansion and carbohydrate storage compared with tubers growing in the dark Qur results
showed that IAA restricted the development of both petoxidase and cofactor independent
IAA oxidase activity with agemng Simular suppression of a peroxidase 1sozyme by TAA
during ageing of pea stem tissue was recorded by Okerse ¢t al ! Since peroxidase 1s known
to function asa hgnin polymerase®? and lignin precursors ¢ g p-coumaric acid*> are known
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to occur 1n sweet potato tubers,?# the above results might indicate that an IAA/IAA oxidase/
peroxidase system plays a critical role in the regulation of hgnification versus ceil prolhifera-
tion and expansion during tuber development, as suggested by Wilson,?® Wilson and
Lowe 2 TAA has also been shown to stimulate peroxidase genesis in root?” and callus?®
tissues, respectively, and stimulation/inhibition effects of 2,4-D on tobacco callus peroxidase
1sozymes associated with growth enhancement and reduction demonstrated 2° The regu-
latory effects of IAA on peroxidase genesis mught, therefore, reflect the finding by
Gautheret®° that high auxin concentration inhibited vascularization of Jerusalem artichoke
callus, while low concentrations enhanced it A specific peroxidase 1s0zyme has now been
linked with lignification 1 sweet potato tuber tissues3! and high IAA concentrations have
been shown to inhibit the lignin polymerase activity of peroxidase preparations 32

EXPERIMENTAL

Materials Sweet potato (cv 049) tubers were harvested from the field and used for enzyme preparation or
ageing as soon as possible thereafter In storage experiments tubers were washed with tap H,O swabbed with
EtOH, dried and placed in storage rooms at either 20° or 27°

Ageing of tuber discs Discs (10 x 15 mm) were cut from 10 mm dia cyhinders with a gullotine, washed
3 x H,0 and aged by continuous aeration in a large vol of H,O, which was changed 2 x during the first4 hr and
at 12-hr intervals thereafter Ageing was also carried out by placing washed discs on mosst filter paper in Petr1
dishes in a 12-1 desiccator, containing a saturating quantity of H,O

Enzyme preparanon and assay Enzyme preparation and assay of IAA oxidase, peroxidase (guaiacol) and
phenolase (catechol) activities, including adjustment of the pH optimum of reaction mixtures were carried out as
previously described -3 Reaction mixtures for IAA oxidase activities were incubated at 33° and contained 0 125
umol TAA, 32 x 10”2 nmol DCP or other cofactors except where otherwise shown n tables or figures, 500 umol
phosphate—citrate buffer pH 6 0 or as indicated and 1 O ml enzyme 1n 4 total vol of 80 ml Protein contents of
enzyme preparations were determined by the Folin method *3
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