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Ab~t.ract: An indole oxidase from leaves of Vilis vinifera L. was isolated and purified to homogeneity. The 
punfled enzyme (Mw 65,000) catalysed the conversion of indole into anthranilic acid, with S-methylindole 5-
bromoindole and 5-hydroxyindole, also being llsed as subsfrates. Km value for the indole was 0.125 mM. The 
opti.mum pH for the react.ion was 5.0: The ufilization of indole by the enzyme did not require L-serine or 
pyndoxal phosphate, and dld notresnltm net tryptophansynthesis. The activitywas inhibited b;, both snlfhydryl 
reage~ts and s.ul!hy~r!! compounds, by specific chelafors of copper and non-heme ¡ron (Fez ), dithionite and 
ateb~m. Ate~rm l?hlbItlOn could be preven!ed by FAD. Dialysis resulted in complete loss of enzyme activity, and 
the dtalyzed mactIve enzyme could be reacÍlvated by the simultaneous addition ofCu2+, Fe2+ and F AD. The data 
suggest tbat tbis indole oxidase is an ironcuproflavoprotein. 

1. Introdnction 

The most thoroughly studied feature of indole metab
olism is its utilization for tryptophan biosynthesis by the 
enzyme tryptophan synthase (EC 4.2.1.20) which has 
been investigated in microorganisms (Y anofsky, 1960; 
Crawford, 1975), plant tissue cnlture (Delmer and Mills, 
1968; Widholm, 1972; Widholm, 1973) and plants (Na
gao and Moore, 1972; Singh and Widholm, 1974). 
Tryptophan is involved in the biosynthetic pathway of 
indole-3-acetic acid in different bacteria (Sequeira and 
Williams, 1964; Kosuge et al., 1966; Thomashaw et al., 
1984). In plants, tryptophan is considered a major pre
cursor for indole-3-acetic acid biosynthesis as weH (Bi
alek et al., 1992), but recent research tines show evi
dence of an alternative pathway which does not require 
tryptophan (Wright et al., 1991; Micha1czuk et al., 1992; 
Normanly et al., 1993; Rekoslavskaya and Bandurski, 
1994). 

The physiological importance of the indole ring has 
generated considerable interest in the biological trans
formation of indole derivatives. In animals abnormal 
metabolism of indole has been found in phenylketonu
ria, Hartnup disease and pellagra (Sprince, 1961) and in 
certain mental disorders as well (Sprince, 1962). 

Oxidation of indole to anthranilic acid by two types 
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ofbacterial isolates, one from tap water (Sakamoto et al., 
1953) and the otherfromsoil (Fujiokaand Wada, 1968), 
has been reported. By adding eH]indole-3-acetic acid to 
samples of kernels of Zea mal.s during extraction and 
then purifying to a constant Ii/4C ratio, Jensen and 
Bandurski (1994) conc1ude that thel have indeed ob
served the metabolic conversion of [1 C]anthranilic acid 
to ¡14C]indole-3-acetic acid. The presence of methyl 
anthranilate in grape juice (Power and Chesnut, 1923), 
wine (Nelson et al., 1977), and grape seedlings (Rey
nolds et al., 1982) suggested that a pathway similar to 
that in bacteria may operate in Vitis vinifera L. plants for 
anthranilic acid. Indole converting enzymes have been 
found in crude extracts from leaves of Tecoma stans 
(Nair and Vaidyanathan, 1964), a common Indian hedge 
plant, J asminum grandiflorum (Divakar et al., 1979) and 
Zea mays (Chauhan et al., 1978). AH ofthese enzymes 
from plant sources are cuproflavoproteins. This paper 
describes an indole oxidase from leaves of Vitis vinifera 
L. which catalyses the conversion of indole into an
thranilic acid. 

2. Materials and Methods 

Chemicals 
Sephadex G-25, G-100 and DEAE-Sephadex A-50 

were from Pharmacia Fine Chemicals (Uppsala, Swe
den) and Alumina Cy from Serva. AH other chemicals 
were of analytical grade from Merck (Darmstadt, R.G.). 

Indole oxidase assay 
The activity was assayed in 10 mI stoppered tubes. 

Each tube received 1 mI of 0.1 M citric acid-0.2 M 
sodium phosphate, pH 5.0, indole solution (400 nmol), 
0.1-0.2 mg enzyme protein and distilled water to a total 
volume of 2 mI. Metal ions and chelating agents were 
dissolved in water or methanol and added as indicated. 
lncubation was for 20 min at 30°C and was stopped by 
shaking with 4 mI of toluene, which also extracted the 
unreacted indole. A 1 ml sample from the toluene layer 
was used for estimation of indole using the Ehrlich 
reagent (Stanley and Spray, 1941). 

One unit of enzyme activity is defined as the amount 
causing the disappearance of 1 pmol of indole in 1 hr at 
30°C. Specific activity is expressed as units/mg protein. 
Molecular weight determination 

The molecular weight of native indole oxidase was 
determined by gel filtration on Sephadex G-l 00 column 
according to the procedure of Andrews (1964, 1965) and 
subunit molecular weight by SDS-gel electrophoresis 
(Weber and Osborn, 1969). The foHowingproteins served 
as markers in both procedures: cytochrome c (12,270), 
chymotrypsinogen (23,000), ovoalbumin (46,000), bo
vine serum albumin (68,000) and hexokinase (102,000). 
Protein determination 

Protein concentration was measured by the proce
dure ofLowry et al. (1951), using bovine serum albumin 
as standard. 
Identification of the reaction product 

A reaction mixture consisting of 10 mI of enzyme (5 
mg protein), 3 ¡nnol of indole and 20 mI of 0.1 M citric 
acid-0.2 M sodium phosphate, pH 5.0, was incubatedfor 
20 min at 30°C. After adjustment to pH 1.0 with 2 M 
HCl, the mixture was extracted three times with perox
ide-free diethyl ether. The ether layers were pooled, 
dried over anhydrous sodium sulfate and concentrated to 
a small volume. The sample was chromatographed on 
Whatman No 3 filter paper with the following solvent 
systems: a) ethanol/arnmonia/water (18:1:1, v/v); b) 
butanol/acetic acid/water (4:1:1, v/v); c) isopropanol/ 
ammonia/water (20:1:2, v/v); and d) formic acid/water 
(2:98, v/v). The product of the reaction mixture was 
located on the chromatogram by fluorescence and also 
by color reaction with the Ehrtich reagent (Stanley and 
Spray, 1941). 

3. Results and Discussion 

Purification of indole oxidase from Vitis leaves 
AH the procedures were carried out at O-5°C unless 

otherwise stated. Fresh mature leaves (30 g) of Vitis 
vinifera, free of midribs, were washed thoroughly with 
cold glass-distilled water. The leaves were then homog
enised in a Sorvall Omni Mixer with 60 mI of 0.01 M 
citric acid-0.02 M sodium phosphate, pH 5.0, at full 
speed for 2 mino The homogenate was filtered through a 
double layer of cheese-cloth and centrifuged at 27,000 g 
for 20 mino The c1ear supernatant (crude enzyme) was 

fractionated by ammonium sulfate precipitation. The 
30-80% precipitate obtained after addition of solid am
monium sulfate under constant stirring and centrifuga
tion at 27,000 g for 20 min was dissolved in a minimum 
volume ofO.Ol M citric acid-0.02 M sodium phosphate, 
pH5.0. 

It was desalted by filtration through Sephadex G-25 
and passed through a DEAE-Sephadex A-50 column 
(3xlO cm) previously equilibrated with 0.01 M citric 
acid-0.02 M sodium phosphate, pH 5.0. Active fractions 
were pooled, treated with Alumina Cy gel (4 mg gel/mg 
protein) and allowed to equilibrate for 15 mino The gel 
solution was then centrifuged at 1,000 g for 5 min and the 
supernatant discarded. The enzyme was finally eluted 
from the gel with 0.1 M citric acid-0.2 M sodium 
phosphate, pH 5.0. Following this procedure, 69-fold 
purified enzyme was obtained with 4.2% yield (Table 1). 

The purified enzyme could be stored at -25°C for 20 
days without appreciable loss of activity. 

Table 1 - Purification of indoIe oxidase from 1eaves of Vitis vinifera L. 
Total Total Specific YieId Purification 

protein activity activity (%) (foId) 
Fraction (mg) (units) (units) 

Crude 1037.4 240.24 0.23 100 
30-80% ammoniumsulfate 
(desalted) 80.5 37.80 0.47 15.7 2 
DEAE-Sephadex A-50 42.6 52.20 1.22 21.7 5 
Alumina ey gel eluate 0.63 10.08 16.00 4.2 69 

Mean of three determinations. 

Characterization of the enzyme and the enzymic reac
tion 

The reaction product located on the chromatogram 
was eluted with ether and identified as anthranilic acid 
by comparing its Rf values in different solvent systems, 
color reaction with the Ehrlich reagent (Stanley and 
Spray, 1941), ultraviolet and fluorescence spectra with 
those of a standard sample (Table 2). 

Table 2 - Identification of anthranilic acid as a product of the reaction 
catalyzed by indole oxidase 

Property Enzymatic Anthranilic 
product acid 

R¡ value in: 
Ethanol/ammonia/water (18:1:1) 0.53 0.53 
Isopropanol/ammonia/water (20:1:2) 0.38 0.36 
Butanol/acetic acid/water (4:1:1) 0.88 0.88 
FOrnllc acid/water (2:98) 0.86 0.86 

Absorption maximum in ethanol (nm) 330 330 
Absorption maximum 01 the complex with 

Ehr1ich reagent (nm) 450-470 (bread) 450-470 
Ultraviolet fluorescence (nm - ethanol) 

Excitation máximum 318 318 
Emission maximum 400 400 
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Inmost cases, tryptophan synthetase has been report
ed to act optimally at pH 7-8 (Yanofsky, 1955; Delmer 
and Mills, 1968; Nagao and Moore, 1972; Singh and 
Widholm, 1974). Nevertheless, in the present study, the 
optimum pH for the reaction was studied in 0.1 M citric 
acid-0.2 M sodium phosphate buffer ranging from pH 
3.0 to pH 8.0, and practically no indole was consumed by 
either the crude or purified enzyme preparations aboye 
pH 6.5. Maximum índole disappearance occurred at pH 
5.0 (Fig. 1), and it was independent of L-serine and 
pyridoxal phosphate, two obligate requirements for in
dole utilization by tryptophan synthetase. These results 
indicate that indole disappearance by the Vitis enzyme 
does not represent tryptophan synthetase activity. 
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Fig. 1 - Effeet of pH on ¡ndale oxidase activity (runol indole disap

peared/rng protein). Standard assay conditions were used 
except tor pH which was varied as indicated. 

The enzyme activity hadits optimum at pH 5.0 in 0.1 
M citric acid-0.2 M sodium phosphate and at 30°C, and 
the reaction catalyzed by indo1e oxidase was linear for 
20 mino The enzyme was inhibited comp1etely by 30 mM 
dithionite, suggesting an oxygen requirement for indole 
disappearance. Excellent stoichiometry was observed 
between indole disappearance and anthranilic acid for
mation quantified according to the method ofVenkata
raman et al. (1948) using Ehrlich reagent inaqueous 
phase when the unreacted indole was extracted from the 
reaction mixture with toluene. 

The M w of the enzyme, as determined by gel filtra
tion on Sephadex 0-100 (Fig. 2) and SDS-gel electro
phoresis, was 65,000, indicating that the native enzyme 
is composed of only one polypeptide chain. 

The indole saluration curve was hyperbolic and the 
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Fig. 3 - Lineweaver-Burk plot.The concentration otthe substrate was 
varied in the standard assayrnixture. Enzyme from Alumina Cy 
gel eluate was used. 

Km value for this substrate as determined by the 
Lineweaver-Burkplot (1934) was 0.125 mM (Fig. 3). 

The substrate specificity of indole oxidase was inves-

tigated. The results shown in Table 3 demonstrate that 
the enzyme has a re1atively broad substrate speclflClty 
since it acts on 5-methylindole, 5-hydroxyindole and 5-
bromoindole, although maximum activity was obtained 
with indole. 

TabIe 3 - Substrate specificity of indole oxidase. Each compound was 
used as substrate and the enzyme assayed under standard 
conditions 

Compound 

Indole 
2-Methylindole 
5-Methylindo1e 
5-Hydroxyindole 
5-Bromoindole 
Tryptophan 
Indole-3-acetic acid 
Indo1e-3-ethanol 
Indoleactonitrile 

Mean of three detenninations. 

Activity (%) 

lOO 
O 

33 
25 
7.5 
O 
O 
O 
O 

The effects of various thiol compounds such as glu
tatmone and 2-mercapto- ethanol and thiol reagents such 
as p-chloromercuribenzoate, N-ethylmaleimide, iodoa
cetate and mercuric chloride were studied. Both the 
sulfhydryl compounds and the sulfhydryl reagents in
hibited the enzyme activity drastically (Table 4). 

Table 4 - Effect of sulfhydryl compounds and sulfhyldryl reagents on 
indole oxidase activity. The activity was determined as indi
catMaterials and methods, except that the compound of 
interest was added to a final concentration of 1.25 mM 

Compound added 

Narre 
Sulfhydryl compounds 
Glutathione 
2-Mercaptoethanol 
Sulfhydryl reagents 
p-Chloromercuribenzoate 
N-EthyImaleimide 
HgCl2 
Iodoacetate 

Mean of three determinations. 

Activity (%) 

lOO 

23 
16 

o 
O 
O 

36 

. 2+ 2+ 2+ C 2+ C 2+ d MetallOnS, such as Mg , Mn , Zn , a , o an 
Fe3+, did not inhibit the enzyme activity, while 0.25 mM 
Fe2

+ and Cu2+ were 24% and 36% inhibitory, respective
ly (Tab1e 5). The enzyme activity was inhibited by the 
copper-specific chelators diethyldithiocarbamate and 
neocuproine and the non-heme iron (Fe2+)-specific che-
1ators o-phenanthroline and a,a' -dipyridyl. Atebrin, a 
competitive inhibitor of FAD, at 1.25 mM completely 
inhibited the enzyme activity. This inhibition could be 
protected by addition of 0.7 mM FAD (Table 5). 

Enzyme activity was completely 10st when the en
zyme preparation was dialyzed for 24 h against 0.001 M 
citric acid-0.002 M sodium phosphate, pH 5.0. It was 

Table 5 - Effeet ofmetal ioos, metal chelators and other compounds on 
indole oxidase activity. These eomfounds were added at a 
final concentration of: 0.25 mM (Fe + and Cu2+) or 1.25 mM 
(others, exeept dithionite, 30 m1v1, and FAD, 0.7 mM) 

Compound added Aetivity (%) 

Fe2+ 

Cu2+ 
Neoeuproioe 
Diethyldithioearbamate 
0-Phenanthroline 
a,a'-Dipyridy1 
8-0xiquinoline 
EDTA 
KCN 
Atebrin 
Atebrin + FAD 
Dithionite 

Mean of three detenninations. 

24 
36 

lOO 
100 
lOO 
lOO 
lOO 
78 
79 

lOO 
10 

lOO 

restored by the addition of 0.25 mM of both Cu2+ and 
Fe2+ together with 0.7 mM ofFAD (Table 6), butnotby 
any other metal ion or co-factors such as FMN, NAD, 
etc. 

Table 6 - Reaetivation of dialyzed enzyme by metal ions and FAD. 
Activity is in % of that of undialyzed enzyme. The final 
concentrations were 0.25 mM for Cu2

+ andFe2
+ and 0.7 mM 

forFAD 

Addition 

None 
Cu2+ 
Fe2+ 

FAD 
Cu2+ + Fe2+ 

Cu2++FAD 
Pe2++FAD 
Cu2+ + Fe2+ + FAD 

Mean of three determinations. 

Activity (%) 

O 
O 
O 
O 
O 

15 
27 
78 

The strong inhibition of enzyme activity by diethyl
dithiocarbamate, neocuproine, o-phenanthroline and a,a' -
dipyridyl suggests thatCu2+ andFé+ are essentialfor the 
activity. The reactivation of the dialyzed enzyme by 
Cu2+, Fe2+ and FAD suggests that the indole oxidase of 
Vitis is most probab1y an ironcuproflavoprotein. 
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DNA fingerprinting of italian grape varieties: 
a test of reliability in RAPDs 
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Abstract: Randorn Ampliefied Polyrnorphic DNA (RAPD) fingerprinting is shown to be a useful system for 
identifying varieties of ltalian grape varieties. Replicate accessions give the same fingerprints, indicating that 
contaminants on leaf surfaces do not lead to errors. Three 10 base random primers Operon A-03, A-OS, and A-
07 were particularly useful and each was usually capable of identifying all varieties sampled. 

1. Introduction 

Molecular markers have been used in varietal identi
fication of severa1 important crops (Mu1cahy et al., 
1993; Torres et al., 1993; Thomas, et al., 1994). Gogor
cena et al. (1993) have suggested that PCR RAPD 
markers could be useful in grape characterization, pro
viding more information than would RFLP analyses. 
Bushner et al. (1993) however, suggested that the data 
generated by RAPDs were susceptible to variations 
which could cause changes in patterns. In the present 
paper, we present a demonstration that, despite potential 
difficulties, RAPDs do indeed pro vide a method for 
re1iable identification of important lta1ian grape varie
tieso 

2. Materials and Methods 

A total of 58 accessions, representing 15 varieties, 
were sampled, with the number of accessions pervariety 
ranging from one to nine. Leaves were harvested in the 
gennplasm collection at the University of Bologna. 
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Plastic bags containing leaf samples were packed in ice 
and transported to the University of Siena where DNA 
was extracted from one set of samples on the following 
day. A duplicate sample was rapidly frozen in liquid 
nitrogen, stored at -80°C and later extracted. For extrac
tion, we used a modification of the method of Torres
Romero etal. (1993). Samples ofO.2 goffreshorrapidly 
frozen, small « 2 cm wide), whole leaves were ground 
in mortar and pestle in 2.5 mI of warm (60°C) extraction 
buffer (100 mM Tris-HCI pH 8.0, 1.4 M NaCI, 20 mM 
EDT A, 2 % CTAB, with 0.4% B-mercaptoethanol added 
just (1-2 hrs) before use. The product was transferred to 
a 15 mI glass centrifuge tube and the mortar was rinsed 
with an additional 0.5 mI of extraction buffer. Thy 
mixture was then incubated at 60°C for 1 hr, with 
agitation approximately every 20 mino Afier the mixture 
was cooled to room temperature, an equal volume of 
chlorofonn/octano1 (24:1) was added, and this was cen
trifuged at 5000 xg for 10 mino The upper (aqueous) 
phase was transferred by a pasteurpipetto aclean 15 ml 
centrifuge tube and centrifuged at 5000 xg for 10 mino If 
the aqueous phase was cloudy, the clorofonn/octanol 
extraction was repeated. Alternatively, and more con
venient, if the aqueous phase was cloudy after the first 
chloroform/octanol precipitation and centrifugation, 2.0 
mI aliquots of the upper phase were recentrifuged at 
14,000 rpm in an eppendorf microfuge. This invariably 
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