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Abstrati-IAA oxidase preparations from sweet potato roots have major and mmor pH optnna, which were 
related to the pH of phosphatecltrate or phosphate buffers used to solublhze acetone preclpltates m the 
course of enzyme preparation Acetone precipitates were solublhzed at five pH’s and two representative 
enzyme types, 7 0 and 4 5 enzymes, vvlth high (pH 5 8-6 8) and low (pH 3 6-4 6) maJor optuna, respectively, 
further mvestlgated Both 7 0 and 4 5 enzymes had smgle pH optima at pH 4 5 m scopoletm stimulated IAA 
oxldase reactions The pH optima and spectic activities of IAA oxldase, peroxldase and phenolase were 
compared m 7 0 and 4 5 enzyme preparations and IAA oxldase mhlbltlon by thlourea and sodmm avde 
reported The occurence of different IAA oxldase pH optuna m sweet potato root and other plant preparations 
1s discussed 

INTRODUCTION 

SEVERAL pH optima at 3 O-3 4,’ 4 U 52 and 6 O-7 0 3*4 have been described m IAA oxldase 
preparations from different plant sources. These pH optima are modified by chelatmg 
agent+ and co-factors7-g used m enzyme assay. Krupasagar and Sequetra described two 
pH optima at 3-O and 6.0 m Marasmws pernwosus preparationslo and concluded that two 
enzymes, peroxidase and lactase were responsible for IAA oxidation. 

In this paper, IAA oxldase preparations from sweet potato roots are shown to oxidize 
IAA in the pH range 3 O-8.0, m the absence of added co-factors. Such preparations had two 
pH optima at 3 6-4 6 and 5-8-6.8 depending on the pH of phosphate-citrate or phosphate 
buffer used m enzyme preparation and assay A single pH optimum was, however, obtained 
for scopoletm-stimulated IAA oxidase activity. These pH optima are compared with those 
for peroxldase and phenolase activities present m all enzyme preparations and mhrbmon of 
sweet potato root IAA oxldases by thlourea and sodium azlde reported. 

RESULTS 

Crude brer of sweet potato roots prepared either with glass distilled water or with 
phosphate buffer” showed no IAA oxldase activity even after prolonged dialysis, but had 
considerable peroxldase and phenolase activities Repeated extraction of brei with ethyl 
acetate and light petroleum resulted m weak IAA oxldase activity. 

* Part I m the series “pH Optima of Different Enzyme Preparations”. 
1 P M. RAY, Arch Bzochem Bzophys 87, 19 (1960) 
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6 J REINERT, H SHRAUDOLPH and U Z REINERT, Naturfirsch 126,569 (1957) 
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Enzyme preparations descrrbed below were made by extractmg acetone precipitates with 
phosphatexitrate or phosphate buffer and named after the pH of buffer used in extraction. 
IAA oxidase activities of 4 5,5 0, 5 5, 6.5 and 7 O-enzymes thus prepared were assayed both 
by change m absorptivity at 247 nm and by determmmg residual IAA using the Salkowskr 
method l2 The latter method was chosen m experiments here reported because it allowed for 
simultaneous assay of a large number of reaction mxtures All enzymes showed high IAA 
oxrdase acttvltles m the absence of added manganous tons, 2,4-dichlorophenol and hydrogen 
peroxide and such co-factors were therefore not used Since buffers of different pH’s were 
used m enzyme preparation, the pH’s of reaction mixtures for determmatlon of pH optima 
were adjusted by titration, using a pH meter and checked after each assay. 

pH Optmza of Drfferent Sweet Potato Root IAA Oxzdase Preparations 
Typical pH optima for IAA oxldase actlvrtles of 5 0-, 6 5- and 7 O-enzymes prepared and 

assayed m phosphate-citrate buffer are given m Figs. 1 and 2 Smce these optima were 
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FIG 1 IAA OXIDASE pH OPTIMA OF 5 0- AND 6 ~-ENZYMES M PHOSPHATE -ClTRkTE BUFFER. 

FIG.~ IAA oxmpsepH OPTIMA OF 7 0-ENZYMEIN PHOSPHATE-CITRATB AND PHOSPHATE BUFTER~ 
Reactlon muttures m phosphate/HCl contamed the followmg concentrations of chloride (ppm x 

10’) pH 2 8-7 10, pH 3 A6 2, pH 4 l-2 84, pH 4 7-l 78 

determined m enzymes prepared at different times, pH optima of enzymes simultaneously 
prepared from equal amounts of acetone precipitate are shown in Table 1. Each enzyme 
preparation had major and mmor optima which were related to the pH of extracting buffer. 
Major and minor optima are further investigated m preparations representative of the two 
enzyme types recognized, viz. 7 0- and 4 5-enzymes. 

I2 S A GORDON and R P WEBER, Plant Physrol 26, 192 (1951). 
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Comparison of pH Optima of Enzyme Prepared m Phosphate-citrate and m Phosphate Buffer 

SUNX chelating effects of &rate at different pH’s may be partly responsible for the 
occurrence of major and minor optima, 7 0- and 4 5-enzymes were simultaneously prepared 
from equal quantities of acetone precipitate extracted with phosphatexltrate and phosphate 
buffers, and pH optima of the resulting enzymes determined. 

7*0-Enzyme. Results (Fig 2) mdlcated that major and mmor pH optima occurred both 
m phosphate-citrate and m phosphate buffers, but these optima were slightly shifted 
towards lower pH’s m enzyme prepared and assayed m phosphate buffer. IAA oxldase 
activity was, however, lower m the phosphate reaction mixture at pH 4 5, the mmor optl- 
mum of the phosphate-&rate prepared enzyme. A small but consistent stimulation of IAA 
oxldase actlvltles at low pHs (2 g-3.5) m phosphate/HCi compared with phosphate-citrate 
reaction mixtures occurred m several experiments. Smce HCl (see Fig 2) was used to 
adJust pH’s below pH5, the effect of higher concentrations of chlonde (2.6 x 103-2 7 X 
lo3 ppm) on IAA oxldase activity of 7.0 enzyme prepared m phosphate-citrate buffer was 

TABLE 1 pH OPTIMA OF SWEET POTATO IAA OXIDASES PRBPARBD 
SIMULTANEOUSLY 

Enzyme preparation Major pH optimum Mmor pH optimum 

4 S-Enz 36 63 
5 5-Enz 47 68 
6 5-Enz 67 42 
7 0-Enz 62 45 

exammed. Reactton rmxtures were adjusted either urlth phosphate+ltrate or with O-1 N 
HCl m the presence of 0 06 M KC1 as described m the experlmental section. Results (Table- 
2) mdlcated that chloride ion m the concentrations used stimulated IAA oxidase activities 
below pH 3 4, but enzyme actlvltles were slmdar both m the presence and absence of 
chlonde m the pH range 5 O-7.1. 

The apparent mhlbltlon of IAA oxldase activity at about pH 4 5 (Fig. 2) was examined 
m a 7*0-enzyme prepared m phosphate buffer to eliminate possible stlmulatory effects of 
citrate at this pH. Reaction mixtures were adjusted to pH 4 5 with cltnc acid, acetic acid 

TABLET EFFECTS OF CHLORIDE ION ON IAA OXIDASE ACTIVITY AT 
DIFFBRENT pH’s IN 7 O-ENZYMEPREPAREDINPHOSPHATE-CITRATEBUFFER 

PH 
IAA oxldase actlvlty bmole IAA destroyed/hr/ml enz) 

7 0-Enz m Phos-clt *7 0-Enz m presence 
buffer of HCLKCI 

28 000 006 
30 000 0 10 
34 003 011 
50 0 38 040 
62 0 46 0 46 
71 0 34 0 36 

* Reaction mvrtures m phos/HCl/KCl contained the following 
concentrations of chloride (ppm x 103) pH 2 8-2 712, pH 3 O-2 705, 
pH34-2613,pH50-2592,pH62-2588,pH71~0 
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or 0 1 N HCI, givmg IAA oxidase activities of 0 275,0 280 and 0 056 pmole IAA destroyed] 
hr/ml enz respectively. The low IAA oxldase activity at pH 4 5 m the presence of chloride 
1s therefore, Interpreted as a chloride mhibmon of enzyme activity, smce similar enzyme 
activities were obtained m the presence of citrate and acetate 

4 5-Enzyme. IAA oxtdase acttvtty of 4 5-enzymes prepared m phosphate buffer and 
assayed either m phosphate/HCl or phosphate-citrate buffer, m the pH range 3-8 is shown 
m Fig 3 At pH 4 5, there was a 56% mhibitton of enzyme activity m the presence of 
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FIG 3 &4 OXIDA!% pH OPTIMA OF 4 S-ENZYMES IN PHOSPHATEXITRATT! AND PHOSPHATE BUITERS 

FIG 4. IAA OXIDASE pH OPTIhfA OF 45ENZYME IN THE PRESENCE AND ABSENCE OF SCOPOLBTIN 

chloride (1 88 x IO3 ppm) Stimulation of enzyme activity by chlonde at pH 3 0, pre- 
viously recorded m 7-O-enzyme preparations (Fig. 2, Table 2) did not occur in this system. 
Chloride mhlbmon of enzyme activity m the pH range 3 O-4.5 (Fig. 3) resulted in a peak 
of enzyme acttvny at pH 3 9, the approximate major pH optimum of other 4 5-enzymes 
(Table 1, Fig. 4) IAA oxtdase actlvtty at this peak was, however, 29 per cent less than that 
atpH68 

When reaction mixtures contammg 4 5-enzyme prepared m phosphate-citrate buffer 
were assayed m the presence and absence of chloride, a shift m the pH at which optimal 
IAA oxrdase activity occurred from pH 3 9 to 6 2 was recorded m the presence of chloride. 
Results (Table 3) showed that, here, chloride stimulated IAA oxidaae activity at pH 3 0 and 
mhibtted enzyme activity at pH 4.5 In 4 5-enzyme prepare tions, therefore, optimal IAA 
oxrdase activity presented at pH 6 2-6 8 m reaction mixtures adjusted with HCl, due 
apparently to chloride mhibmon of IAA oxtdase acttvity m the pH range 3 9-4 5 
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TABLB 3. ki OXIDASE ACTIVITIES OF 45-ENZYME IN PHOSPHA'l?+ 
CITRATEtBUFFERATSELJ3CTBDpH'SINTHJ3PRE5ENCBANDABSENCBOF 

CHJ..ORlDBION 

IAA oxldase actlvlty &mole IAA destroyed/hr/ml enz ) 
PH 4 5-En.2 m Phos at *4 5-En2 m the presence 

buffer HCl-KCI 

30 0 32 0 50 
45 142 0 62 
62 1.32 142 

* Reactlon nuxtures m phosphate-&rate-HCl-KC1 contamed 
the followmg concentrations of chlonde (ppm x 103) pH 3 O-2-24, 
pH45-1 88,pH62-1 77 

pH Optima of Scopoletm-Stimulated IAA Ox&se Actrvity 
Effects of scopoletm strmulation on the pH optima of 4*5- and 7&xzymes, prepared m 

phosphate-citrate buffer are shown m Figs. 4 and 5 Previously observed double pH optima 
did not occur m the presence of scopoletm With 4 5-enzyme (Fig 4), there was marked 
scopoletm-Induced stimulation at pH 4.5, resultmg m a sharp pH otplmum In contrast, 
scopoletm-Induced stlmulatlon of 7 O-enzyme (Fig 5) showed no such sharp optimum, but 
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there was a shift m the pH optimum of this enzyme preparation from pH 6 2 m the absence 
of scopoletm to pH 4 3-5 0 m its presence 

Comparrson of pH optrma of IAA Oxrdase with Peroxrdase and Phenolase 

The pH optima for peroxldase, phenolase and IAA oxldase activities of 7 O-enzyme m 
phosphatexltrate buffer are shown m Fig 6 Peroxldase activity was assayed with gualacol, 
since catechol and pyrogallol were rapidly oxldlzed by phenolase present m the preparation 
With this electron donor, the pH optimum of peroxldase occurred at pH 4.5 The phenolase 
pH optimum was above pH 6 3 when either catechol or pyrogallol was used as substrates 
Enzyme activity was not assayed above pH 7 0 because of rapid non-enzymlc oxldatlon of 
substrates m alkaline media Chlorogemc acid oxldase had a pH optimum at pH 3 8 
MaJor and minor optima for IAA oxldase activity occurred at pH 6 8 and 4 5 respectively 
m this preparation Peroxldase and phenolase pH optima m 4 5-enzyme preparations were 
similar to those shown m Fig 6 

Specific actlvltles for peroxldase, catecholase and IAA oxldase of 7 0- and 4 5-enzyme 
preparations used m the determination of pH optima are given m Table 4 Although the 
protein content of the 7 O-enzyme preparation was 60 % higher than that of the 4 5-enzyme, 
the specific actlvlty for IAA oxldase m the 4 5-enzyme was double that of the 7 O-enzyme 
preparation Catecholase and peroxldase specific actlvltles were, however, 27 % and 64 % 
higher m 7-O-enzyme than m 4 5-enzyme preparations 

TABLE 4 SPECIFIC ACTIVITIES AT MAJOR pH OP~MA FOR IAA OXIDASE, 
P~~oxw.4sE AND CAT~XHOLA~E IN IO- AND 4 S-~NzytuE PREPARATIONS 

Enzyme 
Specdic actwty (per mg protem) 

I O-enzyme 4 5-enzyme 

L4A oxldase rmole destroyed/hr 143 x 1o-3 287 x 1O-3 
Peroxldase AA/mm 328 x 1O-3 2 39 x 10-S 
Catecholase AA/mm 0 177 x 1o-4 065 x 1O-5 

Inhlbrtlon of IAA Oxtdase Actnxty of 7 0- and 4 5-enzymes by Sodtum Azlde and Throurea 

Percentage mhlbltlon of 7 0- and 4 5-enzymes by sodium azlde and thlourea, calculated 
from specific actlvltles of these enzyme preparations are shown m Table 5 Azlde mhlbltlon 
of IAA oxldase actrvlty was greater at pH 4 5 m both enzyme preparations In contrast, 
thlourea mhlbltlon was greater at the approximate pH optima of each enzyme 

TABLE 5 INHIBITION OF IAA OXIDASE ACTIIVITY IN 7 O-AND 4 ~-ENZYMES 
ATpH7OAND4.5 

% InhIbItIon IAA oxldase actwty 
Azlde (10m2 M) Thlourea (lo-’ M) 

pH45 pH70 pH45 pH70 

4 5-Enzyme 100 75 63 33 
7 O-Enzyme 100 74 40 78 
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DISCUSSION 

Smgle pH optima m the pH range 3-7 have been demonstrated m IAA oxldase prepara- 
tlons from different plant sources These preparations usually contained a single enzyme, 
vanously described as peroxldase,13*14 lactase l”*15*16 tyrosmase” or chlorogemc acid 
oxldase, l 8 mediating IAA oxldatlon Krupasagbr and Sequena’O showed, however, that 
IAA oxldase preparations from Marasmrus pernrcrosus had two pH optima at pH 3 0 and 
6 0 These optima were attributed to peroxldase and lactase actlvltles, on the basis of 
comcrdence of IAA oxldase pH optima with those of peroxldase and lactase, respectively. 
Sweet potato root IAA oxldase preparations were also shown to have two pH optima at 
pH 3 8-4 6 and pH 5 8-6 8, but enzyme activity at either optimum depended on the pH of 
buffer used to extract enzyme from acetone precipitates. Thus, enzymes extracted at low 
pH (4.5-5 5) had greater actlvlty at lower pH optima, whilst major activity occurred at 
higher pH optima m enzymes extracted with buffer at high pH (6-7). These results suggested 
that extraction at different pH values resulted m differential solublhzatlon of enzymes and/or 
co-factors involved m IAA oxldatlon. 

All IAA oxldase preparations examined showed considerable peroxldase and phenolase 
actlvltles. Since optimal peroxldase activity occurred at pH 4 5, this enzyme nught be 
responsible for the major IAA oxldase pH optimum of preparations extracted at low pH. 
However, sweet potato IAA oxldases have been shown to be independent of added mang- 
anous ions and 2,4-dlchlorophenol, generally considered essential for the oxldatlon of IAA 
by peroxldase.lg Phenolase activity m sweet potato root IAA oxldase preparations was 
specific for orthodlhydroxy phenols The pH optimum for catecholase activity which 
occurred at pH 6-7 rmght account for the major optimum of IAA oxldases extracted at 
high pH IAA oxldatlon by phenolase enzymes IS known to be independent of added co- 
factors lo The chlorogemc acid oxldase pH optimum at pH 3 8 suggested that this enzyme 
rmght also have participated m IAA oxldase activity at low pH Inhlbltlon studies did not 
clarify the partlapatlon of n-on and/or copper enzymes m sweet potato root IAA oxldase 
actlvlty. Sodmm ande and thlourea inhibited both peroxldase and phenolase actlvltles m 
IAA oxldase preparations Aztde mhlbltlon of peroxldase was, however, two-fold, that 
obtained with thlourea and phenolase mhlbltlon by thlourea was three times that obtained 
with ande. 

Jansse$’ demonstrated that co-factors shifted the pH optima of pea and cucumber 
IAA oxldases and small differences m pH optima found m extracts prepared at different 
pH might be due to differential solublhzatlon of co-factors, e.g. enzymes prepared at pH 
6 5 and 7 0 had optimal actlvltles at pH 6 7 and 6.0-6.2, respectively. Unlike Janssen’s pea 
root enzyme, addition of boded 7 O-enzyme to 4.5-enzyme preparations did not affect their 
pH optima, indicating that natural co-factors or mhlbltors were probably not responsible 
for the occurrence of double pH optima m our preparations Accordmgly, the single 
optimum at pH 4 5 m scopoletm-stimulated IAA oxldase activity is interpreted as marked 
stlmulatlon of a peroxldase mediated reaction, which masked the second optimum at pH 

l3 P L GOLDACRE, Austral J Scr Res 13,293 (1951) 
I4 P M RAY, Arch Emchem Blophys 87, 19 (1960) 
Is G FAHREUS and V TIJLLANDER, Physlol Plant 9,494 (1956) 
I6 G LEGRAND, Bull Sot Chem &l-39, 1289 (19j7) 
I7 W R BRIGGS and P M RAY, Plant Physzof 31, 165 (1956) 
I8 H KONINGS, Acta Bot Need 13, 566 (1964) 
I9 L R Fox, W K PURVES and H I NAKADA, Wochem J 4,2754 (1965). 
2o I Z EIGER and C R DAWSON, Arch Blochem 21, 194 (1949) 
21 M G H JANSSEN, Acta Bot Need 18,538 (1969) 
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6-7, probably due to a phenolase enzyme Such stlmulatlon of a peroxldase medlated 
reaction 1s m accord with the model for the co-factor effects of scopoletm previously 
reported by Imbert and Wdson 1 ’ 

Demonstration of the existence of double pH optima m sweet potato root IAA oxldase 
preparations both m the presence of phosphate and phosphate-citrate buffers 1s thought 
to exclude the posslblhty that these optima were due to effects of citrate Apparent stlmu- 
latlon of IAA oxldase activity below pH 3 8 and mhlbltlon at pH 4 5 by chloride, m hydro- 
chlonc acid used to extend the pH range of phosphate buffers, 1s difficult to explam 
Halogens are, however, known to modify the catalytic actlvlty of several enzymes 

In conclusion, It 1s noted that a protein capable of IAA oxldatlon has been separated 
both from commercial horse radish peroxldase and tobacco root IAA oxldase preparations 
by Sequelra and Mmeo. 22 Such a protein might also be mvolved m the occurrence of double 
pH optima m sweet potato root IAA oxldase preparations 

EXPERIMENTAL 
Mater& Roots were obtamed by growmg sweet potato stem cuttmgs m solution culture as previously 

descllbed I1 
Enzyme prepurutzon Enzymes were also prepared as previously descrIbedi except that roots were 

macerated m dlstdled Hz0 and acetone precipitates extracted with phosphate-citrate or phosphate buffers 
at different pH’s, as explamed m Results Simultaneous preparation of enzyme wth approximately equal 
protein contents (Table 1, Figs 2 and 3) was achieved by dlvldmg centrifuged macerates mto equal volumes 
before acetone preclpltatlon, followed by extraction of acetone precipitates under slmllar condltlons with 
equal volumes of buffer 

AdJustment of pH ofreuctzon mzxtures In the determmatlon of pH optima, pH’s of reaction mixtures 
were adjusted by titration usmg acldlc and basic components of phosphate-citrate, phosphate or acetate 
buffers and measured on a pH meter The pH of reaction mixtures m phosphate buffer (Figs 2 and 3) was 
adjusted below pH 4 7, usmg 0 1 N HCI, and above this pH with phosphate buffer solutions In expenments 
to examme the effect of chlonde Ion on 7 O-enzyme prepared m phosphate-citrate buffer (Tables 2 and 3) 
pH was adJusted by tltratlon with HCI m the presence of a constant volume of 0 2 M KC1 The pH of 
reaction mixtures contammg 4 5-enzyme m phosphate-citrate buffer was adjusted below pH 4 7 using 0 1 N 
HCI and above this pH with phosphate buffer, m the presence of a constant volume of 0 2 M KC1 

Assay of enzyme actzuzty IAA oxldase was assayed by determmmg residual IAA usmg the Salkowskl 
reagent as previously described I1 The reactlon mixture used was as follows IAA-2 rmoles, buffer- 
500 rmoles, mhlbltors4 pmoles, or scopoletm-5 nmoles, enzyme-l ml m 8 0 ml total vol Reactlon 
time was 120 mm Peroxldase was assayed by measuring the formation of the gualacol oxldatlon product 
colorlmetncally at 470 nm, m the presence of hydrogen peroxide Phenolase actlvltles were assayed by 
measurmg the formatlon of catechol, pyrogallol and chlorogemc acid oxldatlon products colorlmetncally at 
407,440 and 380 nm, respectively Protem contents were determmed by the Fohn method 23 
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