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Purification and Characterization of Polyphenol Oxidase from
Lotus Root (Nelumbo nucifera G.)
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Polyphenol oxidase isoforms were purified from the lotus roots using 50% acetone precipitation, conventional
chromatographies of Q-Sepharose and hydrophobic interaction, and high performance liquid chromatographies
of Mono-Q and Superdex 75 gel-filtration. Molecular mass of a purified PPO isoform (LPIII-2) was determined
to be 56 kDa using gel-filtration chromatography. The active form of LPIII-2 appeared to be a heterodimer, as
purified LPIII-2 on SDS-PAGE gel showed two bands that were determined to be 28 kDa and 26 kDa. To
further characterize PPO, partially purified PPO isoforms (LP-II, LP-III) were obtained from Q-Sepharose
anion-exchange chromatography. In substrate specificity, the partially purified PPO isoform LP-II showed a high
affinity to catechol, while LP-III showed a high affinity to pyrogallol. The optimum pH of LP-II and LP-III was
pH 7.0. Interestingly, the partially purified PPO isoforms showed high activities at low temperatures (0~5°C), and
as temperatures rose, the activities decreased. Both PPO isoforms were stable at 40°C and were inactivated by

incubation at 60°C for 40 min.
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Fig. 1. Changes of PPO activity of sliced lotus root.
Lotus root was washed, peeled, and sliced. Then, the sliced Lotus
root was stored at 4°C.
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Fig. 2. Q-Sepharose anion-exchange chromatogaphy of crude
enzymes prepared from lotus root.

The column(2.5 X20 cm) was equilibrated with 20 mM Tris-HCI
(pH 8.0). The crude enzymes were loaded onto the column and
eluted with a 0.5 L linear gradient of 0~0.5 M NaCl in 20 mM Tris-
HCI (pH 8.0). Then, the column was washed with 20 mM Tris-HC1
(pH 8.0) containing 1 M NaCl. The fraction volume was 5 mL.
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Fig. 3. Hydrophobic interaction chromatography using Phenyl
Sepharose 6 fast flow resin of LP-III obtained from Q-
Sepharose anion-exchange chromatography.
Fractions in the peak LP-III of Q-Sepharose anion-exchange
chromatography were pooled and adjusted to 1.2 M ammonium
sulfate, and then loaded onto a Phenyl Sepharose 6 fast flow
column (2.5 X 20 cm) that had been equilibrated with 20 mM Na-
phosphate (pH 6.8) containing 1.2 M ammonium sulfate. Proteins
were eluted with a linear gradient decreasing from 1.2 to 0 M
ammonium sulfate in the same buffer. Flow rate and fraction
volume were 4 mL/min and 5 mL, respectively.
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Fig. 4. Molecular mass determination of the purified LPIII-2 using SDS-PAGE and Superdex 75 gel-filtration chromatography.

(A) LPIII-2 obtained from Mono-Q anion-exchange chromatography was loaded onto a Superdex 75 gel-filtration column and eluted with 20
mM Na-phosphate (pH 6.8) at a flow rate of 0.5 mL/min. The molecular mass standards were aprotinin (6.5 kDa), cytochrome C (12.4 kDa),
carbonic anhydrase (29 kDa), albumin (66 kDa), and alcohol dehydrogenase (150 kDa). (B) SDS-PAGE of LPIII-2 obtained from Superdex
75 gel-filtration chromatography was performed by the method of Moore® on 12.5% running gel and 5% stacking gel. The proteins were
stained with silver as described elsewhere®®. Molecular mass standards are in lane 1 and were composed of phosphorylase b (97.4 kDa),
bovine serium albumin (66 kDa), ovalbumin (45 kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20.5 kDa), and « -

lactalbumin (14.4 kDa). LPIII-2 was applied onto lane 2.
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Fig. 5. Effects of pH on the activities of partially purified PPO
isoforms.

PPO activity was determined in the pH range of 3.0~8.0. The used
buffers were 0.1 M Na-succinate (pH 3.0~6.0), 0.1 M Na-
phosphate (pH 6.0~7.5), and 0.1 M Tris-HCI (pH 7.5~8.0).
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Fig. 6. Effects of reaction temperature on the activities of
partially purified PPO isoforms.

The partially purified PPO isoforms(LP-II & LP-III) were
incubated with a substrate at 0~50°C for 10 min and then analyzed
for the activities.
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Fig. 7. Heat stability of partially purified PPO isoforms.
The partially purified PPO isoforms were incubated at 20~80°C for
10~60 min. Then the remaining PPO activities were measured.

Table 1. K, values of PPO isoforms for the various substrates

K" value (mM)

Temperature (°C)  Substrate
LP-II LP-III
Catechol 2.6 25
5 L-DOPA ND? ND
Pyrogallol 10.6 0.7
Catechol 22 0.8
30 L-DOPA 4.5 0.9
Pyrogallol 3.0 0.5

UK, values were obtained using Lineweaver-Burk plot®",
PND: Not determined.
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