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Patatin, the Tuber Storage Protein of Potato (Solanum
tuberosum L.), Exhibits Antioxidant Activity in Vitro
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The potato (Solanum tuberosum L.) tuber storage protein, patatin, was purified to homogeneity with
a molecular mass of 45 kDa. The purified patatin showed antioxidant or antiradical activity by a series
of in vitro tests, including 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical (half-inhibition concentration,
ICso, was 0.582 mg/mL) scavenging activity assays, anti-human low-density lipoprotein peroxidation
tests, and protections against hydroxyl radical-mediated DNA damages and peroxynitrite-mediated
dihydrorhodamine 123 oxidations. Using electron paramagnetic resonance (EPR) spectrometry for
hydroxyl radical detections, it was found that the intensities of the EPR signal were decreased by the

increased amounts of patatin added (ICso was 0.775

mg/mL). Through modifications of patatin by

iodoacetamide or N-bromosuccinimide, it was found that the antiradical activities of modified patatin
against DPPH or hydroxyl radicals were decreased. It was suggested that cysteine and tryptophan

residues in patatin might contribute to its antioxidant

activities against radicals.
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INTRODUCTION

Active oxygen species (or reactive oxygen species) and free
radical-mediated reactions are involved in degenerative or
pathological processes such as agitjg¢ancer, coronary heart
disease, and Alzheimer’s diseaeJ). There are several reports
concerning natural compounds in fruits and vegetables with
regard to their antioxidant activities in vitro, including water
extracts of roaste€assia tora(4), phenolic compounds5],
the storage proteins of sweet potato rd@)tgnd yam tuber?),
and whey proteinsg 9).

Patatin is the trivial name given to a family of glycoproteins
that make up>40% of the total soluble protein in potato
(Solanum tuberosuntubers and serves as a storage protein. It
was proved that patatin exhibited both lipid acyl hydrolase and
acyltransferase activities, which might be involved in tuber tissue
in the response to wounding@. Al-Saikhan et al. 11) showed
that different potato cultivars exhibited different antioxidant
activities, which were higher than those of bell pepper, carrot,
and onion. They found that different components in potato,
including chlorogenic acid (30@g/mL), glutathione (10Q:g/
mL), ascorbic acid (32@&g/mL), quercetin (15g/mL), and
patatin (33 mg/mL), had antioxidant activities against the

coupled oxidation off-carotene and linoleic acid. In this work
we report that purified patatin had different antioxidant activities
in comparison with chemicals such as butylated hydroxytoluene
(BHT) or reduced glutathione in a series of in vitro tests. We
also used chemicals for amino acid side-chain modifications to
identify key positions involved in the antioxidant activities of
patatin.

MATERIALS AND METHODS

Materials. Tris, 2-thiobarbituric acid (TBA), and electrophoretic
reagents were purchased from E. Merck Inc. (Darmstadt, Germany).
Peroxynitrite was obtained from Calbiochem-Novabiochem Co. (Darm-
stadt, Germany). Calf thymus DNA (activated, 2&4units/mL) was
purchased from Amersham Biosciences (Uppsala, Sweden). Hydrogen
peroxide (33%) was from Wako Pure Chemicals Industry (Osaka,
Japan). BHT, reduced glutathione, dihydrorhodamine 123 (DHR), 1,1-
diphenyl-2-picrylhydrazyl (DPPH), human low-density lipoprotein
(LDL), iodoacetamideN-bromosuccinimide (NBSI), phenylmethane-
sulfonyl fluoride (PMSF), 2-deoxyribose, peroxynitrite, and other
chemicals and reagents were purchased from Sigma Chemical Co. (St.
Louis, MO).

Patatin Extractions and Purifications. Fresh potatoS. tuberosum
tubers were purchased from a wholesaler. After washing and peeling,
the tubers were cut into strips for patatin extraction and purification.

* Authors to whom corrrespondence should be addressed at the Graduatefter extraction and centrifugation, patatins were purified from crude
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extracts successively by a DEAE-Sepharose CL-6B ion exchange
column and a Con A affinity column according to the methods of
Racusen and Footel?). The eluted fraction was collected and
concentrated with Ultrafree-4 (molecular weight cutoff is 5 kDa,
Millipore Co., Bedford, MA). The concentrated patatin solution was
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dialyzed against deionized water overnight and lyophilized for further
use.

Protein Staining on SDS-PAGE GelsSixteen microliters of patatin
solution was mixed with 4L of sample buffer, namely, 60 mM Tris-
HCI buffer (pH 6.8) containing 2% SDS, 25% glycerol, and 0.1%
bromophenol blue without 2-mercaptoethanol, and heated in boiling
water for 5 min followed by electrophoresis according to the method
of Laemmli (13). Coomassie brilliant blue R-250 was used for protein
staining (L4).

Scavenging Activity of DPPH Radical by Spectrophotometry.
The scavenging activity of purified patatin against DPPH radical was
measured according to the method of Hou et&l.7( 15). Every 0.3
mL of patatin solution [from 0.1 mg/mL (2.22 nmol) to 0.7 mg/mL
(15.54 nmol)] was added to 0.1 mlf & M Tris-HCI buffer (pH 7.9)
and then mixed with 0.6 mL of 1006M DPPH in methanol to the
final concentrations of 6@M for 20 min under light protection at room
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Figure 1. Protein stainings of patatin on an SDS-PAGE gel after ion

temperature. The absorbance at 517 nm was measured. Deionized wategxchange column and Con A affinity purifications. M indicates the Seeblue

was used as blank experiment, and BHT [fromd/mL (4.54 nmol)
to 5ug/mL (22.7 nmol)] and reduced glutathione [fronxd/mL (3.25
nmol) to 12.5ug/mL (40.68 nmol)] were used as positive controls.
The scavenging activity of DPPH radicals (%) was calculated with the
equation Asi7 blank— As17,sampip + As17,plank X 100%. 1Gy identifies the
concentration of half-inhibition.

Scavenging Activity of Hydroxyl Radicals by EPR Spectrometry.

prestained markers of SDS-PAGE. Two micrograms of protein was loaded
in each well.

Protection against Peroxynitrite-Mediated DHR Oxidation by
Patatin. The protection of peroxynitrite-mediated DHR oxidation was
according to the methods of Kooy et &0f. The total 18Q«L reaction
mixture included different amounts of 45 kDa patatin (22.22, 55.56,

The hydroxyl radical was generated by Fenton reaction according t0 111 11, and 277.78g/mL), 0.9 mM DHR, and 5L of peroxynitrite

the method of Kohno et al16). The total 5004L mixture included

45 kDa patatin (0.194, 0.388, 0.775, and 1.55 mg/mL), 5 mM 5,5-
dimethyl-1-pyrrolineN-oxide (DMPO), and 0.05 mM ferrous sulfate.
After mixing, the solution was transferred to an EPR quartz cell and

in 50 mM phosphate buffer (pH 7.4) containing 90 mM NacCl. After 5
min of reaction, the fluorescent intensity was measured at the excitation
and emission wavelengths of 500 and 536 nm, respectively, and
excitation and emission slit widths of 2.5 and 3.0 nm, respectively.

placed at the cavity of the EPR spectrometer, and then hydrogenThe control test was without patatin additions.

peroxide was added to a final concentration of 0.25 mM. Deionized

Statistics. Means of triplicates were measured. Student&st was

water was used instead of sample solution for blank experiments. After yseq for comparison between two treatments. A difference was

40 s, the relative intensity of the signal of the DMPOH spin adduct

considered to be statistically significant when< 0.05.

was measured. All EPR spectra were recorded at the ambient temper-

ature (298 K) on a Bruker EMX-6/1 EPR spectrometer equipped with
WIN-EPR SimFonia software version 1.2. The conditions of EPR
spectrometry were as follows: center field, 34%.4.0 mT; microwave
power, 8 mW (9.416 GHz); modulation amplitude, 5 G; modulation
frequency, 100 kHz; time constant, 0.6 s; scan time, 1.5 min.
Modified Patatin against DPPH and Hydroxyl Radicals. The 250
uL of purified patatin (10 mg/mL) was modified by different chemicals
as follows. (1) The cysteine residues were alkylated byl®f 200
mM iodoacetamide to the final concentrations of 200 (17) at Tris
buffer (pH 8.3), 37°C for 2 h, and then dialyzed against deionized
water overnight. (2) The tryptophan residues were modified by 0.6 mL
of 1 mM NBSI (18) in 0.1 M acetate buffer (pH 4.0) to the concentration
of 150 uM at room temperature fol h and then dialyzed against
deionized water overnight. The purified patatin with or without chemical

RESULTS AND DISCUSSION

Patatin Purification from Potato Tuber. The purity of
patatin was determined by an SDS-PAGE g&jure 1 showed
the protein stainings of patatin. A single band (lane 1) with a
molecular mass of 45 kDa was found. This result was the same
as that of Racusen and FootE2). This purified patatin was
lyophilized for further investigations.

Antiradical Activity of Patatin on DPPH. The effects of
different concentrations of purified patatin or the nanomole basis
of purified patatin on the scavenging activities of DPPH radicals
with spectrophotometry are shown Irigure 2. BHT and
reduced glutathione were used as positive controls. It was found

modifications was used for scavenging activity assays against DPPH that patatin exhibited dose-dependent scavenging activity against

and hydroxyl radicals described aboved.

Protection against Ci#*-Induced LDL Peroxidation by Patatin.
The capacity of purified patatin (0:21.2 mg/mL) against Cd-induced
human LDL oxidation in a total 1.1-mL sample volume was measured

by thiobarbituric acid reactive substances (TBARS) assay at a

wavelength of 532 nm1©). The LDL (0.5 mg of protein/mL) was
incubated at 37C under air in 10 mM phosphate buffer (pH 7.4)
containing 10uM CuSQ, for 24 h with or without purified patatin.
The peroxidation reaction was stopped by adding ARMOEDTA. The
TBARS value of 24-h LDL peroxidation was assumed as 100%. BHT
was used as a positive control.

Protection against Hydroxyl Radical-Induced Calf Thymus DNA
Damage by Patatin.The hydroxyl radical was generated by Fenton
reaction according to the method of Kohno et dl6)( The 45xL
reaction mixture included 45 kDa patatin (0.182, 0.364, 0.910, 1.82,
and 3.64 mg/mL), 1L of calf thymus DNA (25A60 units/mL), 18
mM FeSQ, and 60 mM hydroxygen peroxide at room temperature for
15 or 30 min. Then 1L of 1 mM EDTA was added to stop the

DPPH radicals from 0.1 to 0.7 mg/mL for +51%, respec-
tively. The 1G, for DPPH radical scavenging activity was 0.582
mg/mL (Figure 2A). The anti-DPPH radical capacities of
purified patatin were about14 that of BHT or /56 that of
reduced glutathione; however, under the nanomole basis, the
anti-DPPH radical capacities of purified patatin were similar
to that of BHT and higher than that of reduced glutathione
(Figure 2B).

Scavenging Activity of Patatin against Hydroxyl Radical
Determined by EPR Spectrometry.The hydroxyl radical was
generated by Fenton reaction and was trapped by DMPO to
form the DMPG-OH adduct. The intensities of the DMPO
OH spin signal in EPR spectrometry were used to evaluate the
scavenging activity of 45 kDa potato patatin against hydroxyl
radical. Figure 3 shows the scavenging activity against the
hydroxyl radical with different amounts of 45 kDa patatin: (A)

reaction. Only calf thymus DNA was used for blank test, and the control Plank, (B—E) 0.194, 0.388, 0.775, and 1.55 mg/mL, respectively,
test was without patatin additions. After agarose electrophoresis, the Purified patatin. The effect of 45 kDa patatin as a scavenger of
treated DNA solutions were stained with ethidium bromide and hydroxyl radical was evident as decreased intensities of
observed under UV light. DMPO—OH signals. EPR signals were significantly decreased
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Figure 2. Effects of different concentrations of (A) 0.1, 0.2, 0.3, 0.4,
0.5, 0.6, and 0.7 mg/mL of purified patatin or (B) 2.22, 4.44, 6.66, 8.88,
11.1, 13.32, and 15.54 nmol of purified patatin on the scavenging activities
of DPPH radicals with spectrophotometry. BHT [(A) 1, 1.25, 2.5, 3, 4,
and 5 ug/mL corresponding to (B) 4.54, 5.67, 11.35, 13.62, 18.16, and
22.7 nmol, respectively] and reduced glutathione [(A) 1, 1.25, 2.5, 5, 10,
and 12.5 ug/mL corresponding to (B) 3.25, 4.07, 8.14, 16.27, 32.54, and
40.68 nmol, respectively] were used as positive controls. The scavenging
activity of DPPH radicals (%) was calculated with the following equation:
(As17blank — As17,sample) + As17iank X 100%.
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Figure 3. Scavenging activities of purified patatin against hydroxyl radicals
by EPR spectrometry: (A) deionized water as a blank; (B) 0.194 mg/mL
patatin; (C) 0.388 mg/mL patatin; (D) 0.775 mg/mL patatin; (E) 1.55 mg/mL
patatin. The signal intensities of the DMPO-OH adduct were determined.

the protection effect of purified patatin against LDL peroxidation
was dose-dependent. The protection capacities of purified patatin
were 9, 9, 10, 22.5, 30, and 45% for 0.2, 0.4, 0.6, 0.8, 1.0, and
1.2 mg/mL, respectively. Significant difference was observed
among the oxidized LDL, oxidized LDH- 0.8 mg/mL purified
patatin p < 0.05), and oxidized LDL+ 1.0 mg/mL purified
patatin or 1.2 mg/mL purified patatirp (< 0.01).

Protecting Hydroxyl Radical-Induced Calf Thymus DNA

by 0.194-1.55 mg/mL of 45 kDa patatin compared to the blank Damage by Patatin.Free radicals could damage macromol-
with a positive correlation between two parameters 0.971). ecules in cells, such as DNA, protein, and lipids in membranes
On the basis of DMPOOH signal intensities, there were about (23). Figure 6 shows that purified patatin protected against
23, 39, 50, and 69% reductions, respectively, by 0.194, 0.388, hydroxyl radical-induced calf thymus DNA damages. Only calf
0.775, and 1.55 mg/mL of patatin compared to contreigyre thymus DNA was used for the blank test, and the control test
3B—E). The IGs for hydroxyl radical scavenging activity was  was without patatin additions. Compared to the blank test and
0.775 mg/mL.Figure 3 provides the first piece of evidence control test, it was found that the added patatin above 0.364
that potato patatin exhibited scavenging activity against hydroxyl mg/mL could protect against hydroxyl radical induced calf
radical as shown by EPR spectrometry. thymus DNA damages during 15-mifigure 6A) or 30-min
Scavenging Activity of Modified Patatin against DPPH (Figure 6B) reactions.
and Hydroxyl Radicals. Chemicals were used for amino acid Protecting Peroxynitrite-Mediated DHR Oxidation by
side-chain modifications to identify key positions involved in  Patatin. Peroxynitrite is formed from nearly diffusion limited
antioxidant activities of patatin. From the resultsFogure 4, reaction between nitric oxide and superoxide and an initiator
it was found that all modifications could apparently scavenge of potentially harmful oxidation reactior24). From the results
activities against DPPH and hydroxyl radicals. Yan et 21) ( of Figure 7, it was found that the protective effect of
reported that tryptophan exhibited anti-hydroxyl radical activi- peroxynitrite-mediated DHR oxidation of purified patatin was
ties. Free cysteine residues in whey protei®s9j were also dose-dependent. The protection capacities of purified patatin
reported to have antioxidant activities. These findings mean thatwere 8.36, 32.78, 41.07, and 46.57% for 22.22, 55.56, 111.11,
cysteine and tryptophan residues in potato patatin participatedand 277.78ug/mL, respectively. Significant difference was

in the antiradical activities.
Effect of Purified Patatin on Protecting Cu?"-Induced
Human LDL Peroxidation by TBARS Assay. LDL peroxi-

observed between the peroxnitrite, peroxnitfit@2.22ug/mL
purified patatin p < 0.05), and peroxnitritet- 55.56 ug/mL
patatin or 111.1kg/mL patatin or 277.7&g/mL patatin p <

dation has been reported to contribute to atherosclerosis0.01).

development Z2). Therefore, delay or prevention of LDL

In conclusion, the results from in vitro experiments, including

peroxidation is an important function of antioxidants. With the DPPH radical Figure 2) and hydroxyl radical Kigure 3)

TBARS assay, the degrees of €tinduced human LDL
peroxidation could be revealed. From the result§igiure 5,

scavenging activity assays, anti-human LDL oxidation analysis
(Figure 5), protection against hydroxyl radical-induced calf
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Figure 5. TBARS assay of purified patatin (0.2, 0.4, 0.6, 0.8, 1.0, and
1.2 mg/mL) against Cu?*-induced human LDL peroxidation. The TBARS
of 24-h LDL peroxidation was recognized as 100%. BHT (0.125 ug) was
used as a positive control. Student's t test was used for the comparison
among the oxidized LDL and other treatments. A difference was considered
to be statistically significant when p < 0.05 (*) or p < 0.01 (**).

thymus DNA damage Higure 6), and protection against

peroxynitrite-mediated DHR oxidadtiorFigure 7), demon-

strated that purified patatin exhibited antioxidant activities. It

Liu et al.
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Figure 6. Purified patatin protected against hydroxyl radical-induced calf
thymus DNA damage: (A) 15-min reaction; (B) 30-min reaction. Lanes
1-5 were 0.182, 0.364, 0.910, 1.82, and 3.64 mg/mL purified patatin
additions. Only calf thymus DNA was used for blank test, and the control
test was without patatin additions.
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Figure 7. Purified patatin (22.22, 55.56, 111.11, and 277.78 ug/mL)
protected against peroxynitrite-mediated dihydrorhodamine 123 oxidation.
The total 180-uL reaction mixture included different amounts of purified
patatin, 0.9 mM DHR, and 5 uL of peroxynitrite in 50 mM phosphate
buffer (pH 7.4) containing 90 mM NaCl. After 5 min of reaction, the
fluorescent intensity was measured. The control test was without patatin
additions. A difference was considered to be statistically significant when
p <0.05 (*) or p<0.01 (*.

hydroxyl radicals. Al-Saikhan et all{) reported that patatin

at 33 mg/mL exhibited an antioxidant activity that was very
similar to that in potato extracts. From the above experimental
results, it is revealed that 45 kDa patatin could capture radicals
in aconcentration-dependent manner and may play a role as an
antioxidant in potato tubers, which accounted for up 40% of
the total soluble proteins, and may be beneficial when it is
consumed for its nutritional and antioxidant activity. Some in
vivo experiments will need for further investigations.
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