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Purification and Characterization of a Latent Polyphenol
Oxidase from Beet Root (Beta vulgaris L.)
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Polyphenol oxidase (PPO) has been extracted from beet root, in both soluble and membrane fractions.
In both cases, the enzyme was in its latent state, and it was activated by sodium dodecyl sulfate.
PPO was purified to apparent homogeneity. The soluble PPO purification was achieved by hydrophobic
interaction chromatography and gel filtration chromatography, with apparent molecular mass of 55
kDa. The membrane PPO purification was achieved by anion exchange chromatography and gel
filtration with apparent molecular mass of 54 kDa. A totally denaturing SDS-PAGE indicated the
presence of a single polypeptide with an apparent molecular mass of 60 kDa for both fractions, with
the band also revealed by Western blot. A partially denaturing SDS-PAGE stained a single active 36
kDa band for both fractions. Under native isoelectric focusing, a major acidic band of pH 5.2 was
detected in both fractions. Kinetic characterization of PPO on the natural substrate L-dopa was carried
out.
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INTRODUCTION and its nutritional value, often decreasing the quality of the final
product (9,10). Because of the considerable economic and
nutritional loss induced by enzymatic browning in the com-
mercial production of fruits and vegetables, numerous studies
have been devoted to the biochemical and catalytic properties
of PPO B, 11). Information on molecular and catalytic properties

o-quinones (diphenolase activity))( This enzyme is widely of PPO is of importance in studies of the regulation of tissue

distributed in microorganisms, animals, and plants, so that Ppobrown.lng. ) ) )
is responsible not only for browning in plants but also for A Wwide variety of plant PPO behaviors have been described

melanization in animals. and reviewed §, 12). The overall results indicate a high

PPO is widely distributed in the plant kingdom and has been Nétérogeneity in plant PPO biochemical characteristas, (
detected in most fruits and vegetables. In plants, PPO is ©Ptimum pH, and latency), number of enzymatic forms and
predominantly located in the chloroplasts’ thylakoid membranes Molecular masses. PPO protein has been purified from several
(2—5). However, it is not an intrinsic membrane protein and Nigher-plant species, including spinac?),(broad beani),
can be released from the thylakoids by sonication, mild detergenttomato (14), banana (15), cabbage (16), and lettuce (17). The
treatment, or protease treatme®).(The enzyme has also been Molecular mass has been determined as 40—45 kDa or 60—65
detected in soluble fractions in homogenates from different kDa. This variation in molecular mass may result from
vegetables (57) modification of PPO proteins during purification, both by

Due to their high reactivity, the quinone molecules can react Proteolytic cleavage and by association with other compounds
with each other as well as with other substances in the wounded(18)- Proteolytic processing of the enzyme may play a role in
tissue, forming a variety of brown or black compounds, which the heterogeneity of the observed forms as well as participate
are not the direct result of PPO activit§)( This makes PPOa N activating the latent forms of the enzyme, which are observed
very important enzyme in the food industry, because during the i many species (19).
processing of fruits and vegetables, any wounding may cause The physiological function of PPO in higher plants is yet to
cell disruption and lead to quinone formation. Not only may be fully determined, but it has been implicated in pigment
the appearance of the product be affected but also the tastormation (20) and scavenging molecular oxygen in the chlo-

roplast (21). A role in plant defense has also been suggested

* To whom correspondence should be addressed. T34 968 364762. (22). _Recently,_it has been propos_ed that PPO is involved in
Fax: +34 968 364147. E-mail: pepa@um.es. the biosynthesis of betalains of higher plan28)( The hy-

Polyphenol oxidase (PPO) (monophermtiphenol, oxygen
oxidoreductase; EC 1.14.18.1) is a copper-containing enzyme
that catalyses two different reactions using molecular oxygen:
the hydroxylation of monophenols to-diphenols (mono-
phenolase activity) and the oxidation of tleediphenols to
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droxylation of tyrosine to dopa and the oxidation of dopa, both applied to a Superdex 200 HR 10/30 column equilibrated with 50 mM
catalyzed by PPO, are considered the first steps in the biogenesisodium phosphate buffer (pH 7.0) containing 0.15 M NaCl. The protein
of betalains. The enzyme has been partially purified from Wwas eluted with the same buffer at a flow rate of 1 mL minThe
betacyanin-producing callus ortulaca grandiflora(23) and eluate was collected in fractions, and PPO activity was measured.
Amanita muscarig24). Betalains are also present in sugar beet,  Protocol 1l, Membrane-Bound Enzyme Purification. Membrane-

nd PP ivity h nm red in h lealgay( 2 bound PPO was purified by anion exchange chromatography and gel
:ng roo?(gcét) ty has bee easured in both leas, 5) filtration. The sample partially purified with Triton X-114 was loaded

. onto a 1-mL Resource-Q column equilibrated with 20 mM bis-tris (HCI)
In the present study, PPQ hz_as been p_urlfled from be_et root_, buffer (pH 6.0). PPO was eluted with a linear gradient from 0 to 0.7
and some molecular and kinetic properties have been investi-p NaCl within 50 mL (flow rate 1.0 mL minY). The fractions

gated. containing PPO activity were pooled, desalted, and concentrated by
ultrafiltration. For gel filtration, the same column and method as in
protocol | were used.

For the molecular weight estimation on Superdex 200 HR 10/30
column, the calibration curve was determined using chymotrypsinogen

grown in an organic plantation without adding any pesticide. The roots 'aéisklé[;?)’alodvjfsl;w%gligga)é’mﬂbcuaT;?aéiG(;Eza)k’Da;?umIn dimer

were harvested, sliced, and frozen in liquid nitrogen and store@®ét ’ - ’ o a

C until use. Enzyme AssaysThe diphenolase activity was determined spectro-
Chemicals. Superdex 200 HR 10/30, Resource-Q, and Resource- photometrically by measuring the appearance of dopachrome at 475

ISO columns and gel filtration markers were purchased from Amersham n”jl(e :713700 M cm ) or dopgmmechrome at 480 nra £ 330.0.
Biosciences (Barcelona, Spain). PPO substrates and SDS-PAGEM T cm ) (7). In this work, thg international unit of enzyme activity
molecular weight markers were obtained from Sigma (Barcelona, (IU) Was defined as the quantity of enzyme that producesnbl of
Spain). The reagents for electrophoresis were procured from Bio-Rad doPachrome or dopaminechrome per minute at pH 6.0 aftC25
Laboratories (Barcelona, Spain). All other chemicals were of analytical ~ Unless otherwise stated, the reaction medium (1.0 mL) contained
grade. 50 mM sodium phosphate buffer (pH 6.5), 0.69 mM SDS, and 5 mM
Subcellular Fractionation. Soluble and membrane fractions were ~dopamine.
obtained from 105 g of beet root slices, which were homogenized twice ~ Spectrophotometric measurements were performed in a Kontron
at maximum speed for 10 s in a Model 230 Omnimixer (Sorvall Imc. Uvikon 940 spectrophotometer.
Norwalk, CT) with 210 mL of 0.1 M sodium phosphate buffer (pH Protein Determination. Protein concentration was determined
7.0) containing 0.33 M sorbitol, 10 mM ascorbic acid, 2 mM EDTA,  according to the Bradford Bio-Rad protein assay using serum albumin
1 mM MgCl,, 1 mM PMSF, and 1 mM benzamidine. All procedures  as standard (28).

were carried out at 4C. The homogenate was filtered through two Denaturing SDS-PAGE.Electrophoresis was carried out using the
layers of cheesecloth and centrifuged at @ 10 min. The pellet, method of LaemmliZ9). Samples were applied to 10% polyacrylamide
containing the wall fraction, was discarded, and the supernatant WaSgels. The slab gels of 1.5 mm thickness were run in a Miniprotean I
centrifuged at 120 0@Pfor 40 min. Thus, the resultant superatant  ce|| (BjoRad) at a constant current of 180 mV. Gels were stained for
was considered to be the soluble fraction, and the pellet, the membrane, otein using a standard Coomassie Blue or silver staining method.

fraction. Partially Denaturing SDS-PAGE. The SDS-PAGE was performed

Soluble fraction was brogght up to .385% (NH“)ZSO“_' The salt as described above, but in the absenge-ofercaptoethanol and without
content was removed by dialysis against 10 mM sodium phosphate heating, to preserve the enzymatic activity

buffer, pH 7.0. . .
The extraction of PPO from the membrane fraction was carried out Isoelectnq FOCUS'.ng (EF). IEF was performed on .5% Wh)
b ing three parallel treatments){ sonication for 10 min in 0.1 M po_lyacrylamlde gels |n_3.5_10.0 pH gradients using a MiniProtean I
y using P - . (BioRad) eletrophoresis Kit.
sodium phosphate buffer pH 7.@)( treatment with TritonX-114 as o ) . )
described by Escribano et al. (5) (Triton treatment-1, (Triton-1)) (3); Gel Staining. A_ft_er partl_ally denaturing electrophoresis and IEF, _
and salted treatment, incubating for 60 min in 0.1 M sodium phosphate the gels were equilibrated into the buffer used to detect the enzymatic
buffer containing 1M NaCl. These fractions were centrifuged at activity. Staining for PPO activity was car_rled out with 50 mM sodium
120 00 for 40 min to obtain the solubilized enzyme in the supernatant Phosphate buffer (pH 6.0), 5 mM tyramine, and 2 mM MBTBO).
and dialyzed against 10 mM sodium phosphate buffer (pH 7.0)  Western Blotting of SDS-PAGE. Electrophoretic transfer of the
overnight to remove the salt content. The pellet obtained after the proteins from a denaturing SDS-gel onto PVDF membranes (Bio-Rad)
solubilization with NaCl was treated with TritonX-114, as indicated in was performed using a Mini Trans-Blot apparatus (Bio-Rad). The
ref 2 to solubilize the remaining proteins (Triton treatment-2, (Triton-  transfer was carried out at°€, under constant stirring in 25 mM Tris,
2)). 192 mM Glycine, and 15% MeOH at pH 8.3 (as transfer solution for
To avoid any possible activation of the PPO enzyme by endogenousthe soluble fraction) or in 0.7% acetic acid and 0.01% SDS (as transfer
proteases, PMSF and benzamidine hydrochloride were added beforesolution for the membrane fraction) at 100 V for 1.5 h. Once the transfer
and after the dialysis to give a final concentration of 1 mM. was finished, the membranes were blocked in PBST (25 mM Tris-
Enzyme Purification. All steps were carried out at 2C except HCI buffer (pH 7.2), 150 mM NaCl, and 0.15% Tween 20) containing

those using the Rta purifier (Amersham Biosciences, Barcelona, 3% albumin at 25C for 1 h and then incubated overnight at@in
Spain). PBST containing 1% albumin and the polyclonal antibodies against

PPO from broad bean leaf (a gift from Dr. William H. Flurkey). To
detect the relevant proteins, the membranes were incubated with

automated liquid chromatography systemki@ purifier, software secondary antibodies conjugated with peroxidase for 1 h, under constant

Unicorn version 3.0). The concentrated fraction after85% (NH)2- stirring, at 25°C.

SO, fractionation was loaded onto a 1-mL Resource-ISO pre-packed ~ Finally, protein bands were detected on the membranes using the
column equilibrated with 20 mM sodium phosphate buffer (pH 7.0) reaction medium described previously for the peroxidase activity
containing 1.5 M (NH),SQ; (solvent A). PPO was eluted with a linear ~ staining @6), in 50 mM sodium acetate buffer (pH 5.0), 1 mM 4MN,
gradient of (NH),SO, from 1.5 to 0 M (NH)>SQ, in 20 mM sodium 0.45 mM HO;. In all experiments, after the transfer, a control was
phosphate buffer (pH 7.0) (solvent B) within 20 mL (flow rate 2.0 mL ~ carried out incubating a PVDF membrane with this staining solution.
min~1). The fractions containing PPO activity were pooled, desalted, Estimations of the Mr values were based on nonprestained molecular
and concentrated by ultrafiltration with a YM 10 membrane (Millipore, mass markers stained with ponceau S. Prestained molecular mass
Madrid, Spain). For gel filtration, the concentrated peak fractions were markers were used to indicate approximate size and transfer efficiency.

MATERIALS AND METHODS

Plant Material. Beta vulgaris L. roots (granadina variety) were

Protocol I, Soluble Enzyme Purification. Soluble PPO was purified
by hydrophobic interaction chromatography and gel filtration using an
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Table 1. Summary of PPO Extraction and Purification from Beet Root 80
vol prot prot  activ total activ purif. recovery A
fraction (M) (mgiml) (mg) (Wmg) ()  fold (%) 60 1
membrane £
Triton-1 852 124 1056 622 6560 E 40
NaCl 11.83 033 393 419 1646 %
Triton-2 140 120 1.67 5.57 9.31 =
soluble > 209
crude extract 249 028 69.70 1412 982.80 1 100
(NH4)2S04 11.2 5.0 56.0 14.4 806.4 1.02 82.1 0

hydrophobic C.  14.9 0.17 253 1634 4134 1159 420

60 1

w

RESULTS AND DISCUSSION

Enzyme Extraction. PPO was extracted from beet root by
subcellular fractionation. The enzyme was detected in both
soluble and membrane fractions. The extraction of the membrane-
bound enzyme was carried out with high ionic strength,
detergent or sonication. The results of the different treatments
are summarized iffiable 1. The use of NaCl for PPO extraction
has provided good yield®8, 26); however, in this case, the
extraction with Triton X-114 (Triton-1) was the most effective T T T T
method to solubilize PPO, whereas the PPO activity obtained 3 4 5 6 7 8
by sonication was very low (results not shown). To determine pH
if the enzyme obtained with high salt concentration, and
therefore ionically bound to the membrane, presented any
difference to the one solubilized with the nonionic detergent
Triton X-114, an additional extraction from the remaining
proteins (the pellet) after the extraction with NaCl was carried
out with Triton X-114 (Triton-2). The results are shownliable
1. PPO activity was solubilized after the second treatment with

Triton X-114 (Triton-2). However, the yield of this treatment 5 g 4 7.5, whereas the membrane PPO activity was almost
(14.2%) together with the one obtained with NaCl (25%) was pegjigible at these pH values. A similar optimum pH was
onver than the one obtained W|th_ thfe first solubilization with  yhiained for the soluble fraction from beet leaves extrai)s (
Triton X-114 (Triton-1). These findings suggested that the | 5| cases, the enzyme was totally activated in the presence

enzyme was closely associated with membranes and detergents 0 69 mM SDS. However. the degree of activation was
extraction can disrupt the membranes to release more enzymegitferent for the soluble fraction (2.3-fold) than for the

PPO was also found in the soluble fraction, with the PPO yamprane fraction (~13-fold in all cases). The latency is

activity being higher in this fraction than that in the membrane .qmmon in thylakoid-bound PPO and has been described for
fraction. potato leaf 86), lettuce 8), broad bean37), and table beet

Effect of pH. pH is a determinant factor in the expression of ' |eaves (5) and roo26). The degree of activation depends on
enzymatic activity, and in the case of latent PPO, its activation the plant material and the extraction method us#).(In this
by acid or basic shock has been described§2), On the other  case, the use of a high salt concentration or a non ionic detergent
hand, plant PPO in its latent state can also be induced orto solubilize PPO from membrane did not modify the degree
activated by SDSJ, 5, 33). For this reason, the determination  of activation. Therefore, all the kinetic assays were carried out
of the optimum pH and the kinetic characterization of the at 0.69 mM SDS concentration, at which PPO was totally
enzyme was carried out in the presence and absence of SDSgctivated.

The enzyme activity was determined toward 5 mM dopamine  Because the extraction with Triton X-114 (Triton treatment-
in a range of pH 3.57.5. In Figure 1A, the pH profile 1) was the most effective method to solubilize the membrane
corresponding to the extraction only with Triton X-114 (Triton PPO, the enzyme purification was carried out using this fraction
treatment-1) is represented, although the PPO solubilized byand the soluble fraction.
the other treatments showed the same behavior. In the absence Purification of the Enzyme. PPO was purified to apparent
of SDS, the optimum pH was 4.5, falling at higher pH values, homogeneity from both soluble and membrane fractions. The
and PPO activity was almost negligible from pH 5.5 to 7.5. results of PPO purification are shown kigure 2.

These results were similar to the ones obtained from beet leaves The soluble fraction was subjected to ammonium sulfate
extracts (5) but different from the ones found from beet root fractionation (35—85%), resulting in an 82% recovery of PPO
homogenates (234, 35), which showed that the PPO activity activity with a 1.02-fold purification Table 1), in agreement
was maximum at pH 7.0. When the activating effect of SDS with literature data for PPO from other sourc@s3, 38). Thus,

with respect to pH was studied, the highest value in the this procedure was principally used for concentration. The
activation process was obtained at pH 6.5, although the activity degree of activation of PPO by SDS was the same (2.3-fold)
of the enzyme was quite high from 6.0 to 75Eidure 1A). after being subjected to this treatment. The concentrated PPO
Quite similar results were obtained with the soluble enzyme was then purified by hydrophobic interaction chromatography
(Figure 1B) in the presence of SDS. However, in the absence on a 1-mL Resource-ISO column, and the elution profile is
of SDS, soluble PPO showed an optimum pH in a range from shown inFigure 2A. A single peak of PPO activity was eluted

40

V' (uM/min)

20 1

Figure 1. Effect of pH on the enzyme in 50 mM sodium acetate and
sodium phosphate (pH 3.5-7.5) in the presence (O) or absence (@) of
' 0.69 mM SDS. The reaction medium at 25 °C contained 5 mM dopamine
and 12.4 ug mL™1 PPO extracted with (A) Triton X-114, or (B) 5 ug
mL~! soluble PPO. Experiments were performed in triplicate, and the
mean and standard deviation were plotted.
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Figure 2. PPO purification from soluble (A and B) and membrane (C and D) fractions. Elution profiles of PPO activity on Resource-1SO (A), Superdex
200 HR (B), Resource-Q (C), and Superdex 200 HR (D). (-) Absorbance at 280 nm; (-@®-) PPO activity; (...) salt concentration. Insets: Molecular weight
estimation on Superdex 200 HR. The calibration curve was determined using the protein markers described in Materials and Methods and data are
plotted as the mean and standard deviation of three independent experiments.

at 0.92 M (NH,)>SOy, and it resulted in a 42% recovery of the 3 4 5 6

enzyme with an 11.6-fold purification (Table 1). ~9 T
Another PPO purification protocol was checked by using 115

anion exchange chromatography with a Resource-Q column. -— .03

Any attempt to use it as a second purification step resulted in |

a great loss of enzyme activity (results not shown). Furthermore, _ S T a2

if the procedure was inverted, using first anion exchange

chromatography and then the hydrophobic interaction chroma- - 347

tography, the PPO activity was eluted from the first step, but it - 282

was completely lost after the second. We can conclude that the E— _— - 211

enzyme turned out to be very labile after the first step of Figure 3. Denaturing SDS-PAGE and Western blotting of samples from
purification, independently of the procedure used. Other authorsthe purification of soluble PPO. Lane 1, proteins after (NH,),SO,
have also described this behavior for PPO from betacyanin- fractionation; lane 2, PPO fractions from Resource-ISO; lane 3, PPO
producing callus (23) and carrot (39). Finally, the anion fraction from Superdex 200 HR. Proteins of lanes 1 (8 «g) and 2 (3 ug)
exchange chromatography was discarded because it gave a lowerere stained with Coomassie Blue, lane 3 was stained with silver. Lanes
yield (results not shown). 4 and 5 correspond to Western blotting of proteins (2 ug) from lanes 2

To achieve a purification to homogeneity, the peak eluted and 1, respectively. Lane 6 is prestained molecular mass markers.
from the isopropyl column was concentrated and submitted to
gel filtration on a Superdex 200 HR column. The obtained proteins were eluted, and a previous smaller peak of PPO
chromatography profile is shown figure 2B, and as can be  activity was detected but discarded because it was coeluted with
seen, a single peak with PPO activity was eluted. The apparentmost of the proteins. The fractions of the major peak were
molecular mass of the peak was estimated to be about 55 kDaconcentrated, dialyzed, and submitted to gel filtration, because
(Figure 2B, inset). any other attempt resulted in a great loss of enzyme activity

The purification of PPO obtained from the membrane fraction (results not shown). The obtained chromatography profile is
using Triton X-114 was optimized and carried out as described shown inFigure 2D, and as can be seen, a single peak with
in Protocol 1l under Materials and Methods. The results of the PPO activity was eluted. The apparent molecular mass of the
purification are not summarized rable 1, because the protein  peak was estimated to be about 54 kBay(re 2D, inset).
concentration of the elutes was negligible, and it was not Electrophoretic Study. To determine the achieved purity,
possible to determine it. The problem of low yields has also the peaks of PPO activity obtained by the different chromatog-
been described as a frequent occurrence in PPO purification byraphy steps were analyzed by denaturing SDS-PAGE.
other authors (26, 17, 23). The membrane PPO was purified In the case of soluble PPQFiure 3), homogeneity was
by anion exchange chromatography with a Resource-Q column.reached according to silver-stained SDS-PAGE, that indicated
The elution profile is shown ifrigure 2C. Most of the PPO  the presence of a single polypeptide with an apparent molecular
was eluted in a major peak at 0.198 M NaCl, where few other mass of 60 kDa (lane 3). A Western blot was carried out to
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Figure 4. Denaturing SDS-PAGE and Western blotting of samples from Figure 6. IEF of the soluble fraction (12.5 xg) (lane 1) and the membrane
the purification of membr_ane PPO. Lane 1, proteins extraction wqh Triton fraction (21.7 ug) (lane 2). The gel staining to detect PPO isoforms was
X-114; lane 2, PPO fractions from Resource-Q; lane 3, PPO fraction from carried out with tyramine and MBTH as indicated under Materials and
Superdex 200 HR. Proteins of lanes 1 (1 ug), 2, and 3 were silver- Methods.
stained. Lane 4 corresponds to Western blotting of proteins from lane 1.
Lane 5 is prestained molecular mass markers. Table 2. Kinetic Parameters for PPO from Beet Root?
12 3 4 Fraction SDS  Km(mM)  Vm(mM/min)  Vm/Km (min~Y)
soluble +b 2.01 0.23 0.114
- 245 011 0.0476
membrane +b 1.96 0.085 0.0434
= 6.18 0.050 0.00809

gt Ml a=¢ All assays were performed in a reaction media containing different L-dopa

concentrations and 12.4 ug/mL of protein in 50 mM sodium phosphate buffer, pH

) ) - o ) 6.0 ® or sodium acetate buffer, pH 4.5 ¢, at 25 °C. When SDS was present in the
Figure 5. Partially denaturing SDS-PAGE of the soluble fraction (lanes medium, the final concentration was 0.69 mM.

land 2) and the membrane fraction (lanes 3 and 4) stained with tyramine

and_MBTH. Lane 1 (125 uQ), proteins after ammonium sulfat_e results have also shown a single active band from beet root
.fractlon.atlon; lane 2 (3 ug), PPO fraction elgted after. hydrophqblc (26). Soderhih(39), using carrot PPO, also detected a 36 kDa
interaction chromatography; lane 3 (21.7 ﬂg), proteins extraction with Triton band showing PPO activity, while under denaturing conditions,
X-114; Iar_u_a 4, PPO fraction eluted after anion exchange chromatography. a band at 59 kDa was revealed.
The specific conditions are described under Materials and Methods. The partially purified PPO was analyzed by IEFigure 6)
detect the presence of PPO using polyclonal antibodies againsiand presented a major acidic band of pH 5.2 in both the soluble
broad bean leaf (a gift from Dr. W. Flurkey), and for the proteins (lane 1) and the membrane (lane 2) fractions. Furthermore, two
of the different chromatography steps (lanes 4 and 5), only a active PPO isoforms were detected in the pH range of 5.0 and
single band was revealed with an Mr of 60 kDa, corresponding 5.5. The high variety of isoforms for PPO has been described
to the same Mr obtained by silver staining (lane 3). This by other authors. Several acidic PPO isoenzymes have also been
molecular mass has also been described for PPO from otherdetected from soluble and membrane fractions from beet root
sources (3139). (26). Flurkey identified several isoenzymes of PPO in mush-
For the membrane fractiofrigure 4), the partially purified rooms in a pH range from 4 to 4.81). When PPO was purified
extract with Triton X-114 (lane 1) and proteins from the anion from chloroplasts of broad bean leaves to apparent homogeneity
exchange chromatography (lane 2) and gel filtration chroma- and it was subjected to native IEF, several isoforms were present
tography (lane 3) were analyzed by denaturing SDS-PAGE andwith apparent pH values from 4.9 to 5.9, and all of these
silver-stained. As can be observed, homogeneity was reachedsoforms shared a 65 kDa prote#2f. Two acidic PPO isoforms
after the gel filtration chromatography according to silver-stained were detected from red beet hypocoty@8) and two tyrosinase
SDS-PAGE (lane 3) that revealed a band with an apparentisoforms with pHvalues of 5.1 and 5.2 were isolated by Wichers
molecular mass of 60 kDa and an additional faint band of higher et al. (43) from A.Bisporus.
molecular mass. This doublet has been described for the mature Kinetic Studies. Kinetic characterization of PPO was carried
forms of PPO (40). The Western blot from the extract with out on the natural substratedopa, that is found in beet root
Triton X-114 (lane 4) revealed two bands with 60 and 36 kDa. and has been proposed as the substrate of PPO in the betalains
The 60 kDa corresponded to the same Mr obtained by silver biosynthesis (44). To study whether the activation with SDS
staining (lane 3), and the 36 kDa band could correspond to eitherintroduces a change K, andVn, values, the kinetic parameters
to a proteolytic form of PPO or a cross-reaction with a protein were determined in the absence and presence of SDS at the pH
of the extract with Triton X-114. value (pH 6.0) in which the degree of activation was higher.
A partially denaturing SDS-PAGE was also used to detect The results are summarizedTiable 2. As can be observed for
the active PPO isoform composition. As can be observed in the soluble fraction, the activation with SDS introduces a change
Figure 5, all the enzymatic fractions showed the presence of a in V, values, but th&, value is quite similar, increasing the
single active 36 kDa band when the gel was stained with catalytic power Y/ Km) almost three times. For the membrane
tyramine as substrate. This monophenol together with MBTH fraction, the kinetic parameters were determined in the presence
was used for the electrophoretic staining instead of dopamine of SDS at pH 6.0. As can be observedTiable 2, under these
with MBTH, because it gave a nondiffusible product suitable conditions, the&,, value was quite similar to the one evaluated
for electrophoretic procedures with less background and a morefor the soluble fraction, but the catalytic power was 2.6-fold
clearly defined band. Furthermore, this staining turned out to higher for the soluble PPO than for the membrane fraction. For
be specific for the monophenolase activity of PR0)(Previous the membrane fraction, PPO activity was almost undetectable
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in the absence of SDS at pH 6.0; therefore, the kinetic

parameters could not be evaluated at these conditions. Therefore,

in the absence of SDS, the kinetic constants were evaluated at
pH 4.5, at which the enzyme is activated by acidic pH. Khe
value (6.18 mM) obtained at pH 4.5, in absence of SDS, was
much higher than the one obtained for the enzyme activated
with SDS at pH 6.0 (1.9 mM). Steiner et #@ldetermined a
similar K, value (2.4 mM) for L-dopa from betacyanin-
producing callus oP. grandiflora.

ABBREVIATIONS USED

PPO, polyphenol oxidase; 4MN, 4-methosyraphthol;
MBTH, 3-methyl-2-benzothiazolinone hydrazone; PMSF, phen-
ylmethanesulfonyl fluoride; MeOH, methanol; ISO, isopropyl
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