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57) Storage Roots

DoNG-JANN HUANG,T HsIEN-JUNG CHEN,® WEN-cHI Hou,” CHUN-DER LIN,T AND
Y aw-Huel Lin*T

Institute of Botany, Academia Sinica, Nankang, Taipei 115, Taiwan; Department of Horticulture,
Chinese Culture University, Taipei 111, Taiwan; and Graduate Institute of Pharmacognosy Science,
Taipei Medical University, Taipei 110, Taiwan

Recombinant thioredoxin h (Trx2) overproduced in Escherichia coli (M15) was purified by Ni2*-chelated
affinity chromatography. The molecular mass of Trx2 is ~1.4 kDa as determined by sodium dodecyl
sulfate—polyacrylamide gel electrophoresis. Total antioxidant status, 1,1-diphenyl-2-picrylhydrazyl
(DPPH) staining, reducing power method, Fe?"-chelating ability, ferric thiocyanate (FTC) method,
and protection of calf thymus DNA against hydroxyl radical-induced damage were studied. The
thioredoxin h protein with a concentration of 12.5 mg/mL exhibited the highest activity (expressed as
0.37 + 0.012 mM ABTS radical cation being cleared) in a total antioxidant status test. In the DPPH
staining thioredoxin h appeared as white spots when it was diluted to 50 mg/mL (a final amount of
15 ug). Like the total antioxidant status, the reducing power, Fe2*-chelating ability, FTC activity, and
protection against hydroxyl radical-induced calf thymus DNA damage were found with the thioredoxin
h protein. It was suggested that thioredoxin h might contribute to its antioxidant activities against
hydroxyl and peroxyl radicals.

KEYWORDS: Sweet potato; thioredoxin  h; cDNA sequence; gene expression; recombinant protein;
antioxidant

INTRODUCTION Thioredoxins, the ubiquitous small proteins with a redox

It is commonly accepted that in a situation of oxidative stress, active disulfide bridge, are important regulatory elements in a
reactive oxygen molecules such as superoxide ((H00), nur_nberlof cellular proces.sels?( 18). They all contain a dlstlnct
hydroxyl (OH), and peroxyl (RO€) radicals are generated. The active site, WQGPC, .V}lhICh is ab'le to reduce disulfide prldggs
reactive oxygen molecules play an important role in the qf target proteins. In|_t|ally descrl_be_d as _hydrogen carriers in
degenerative or pathological processes of various seriousfibonucleotide reduction nE_scherlc_h|a coli, they were found_
diseases, such as agint),( cancer, coronary heart disease, to serve as electron donors in a variety of cellular redox reaction
Alzheimer’s disease2(5), neurodegenerative disorders, ath- 19). _ o o
erosclerosis, cataracts, and inflammatia). (The use of From genome sequencing data, a significant diversity of
traditional medicine is widespread, and plants still represent a thioredoxin genes containing five different multigenic fam!lles
large source of natural antioxidants that might serve as leads(f, M, X, 0, andh) was observed (20—22). The ferredoxin—
for the development of novel drugs. Several antiinflammatory, thioredoxin system (thioredoxirfsandm) has been proved to
digestive, antinecrotic, neuroprotective, and hepatoprotective 'egulate several enzymatic activities associated with photosyn-
drugs have recently been shown to have an antioxidant and/orthetic CQ assimilation in chloroplasts. Thioredoxkcontains
radical-scavenging mechanism as part of their activity (7—9). @ transit pe_ptlde sm_mlar to those rt_equlred f_or c_hloroplast and
In the search for sources of natural antioxidants, substances sucinitochondria targeting; however, its function is not clearly
as echinacoside ifEchinaceaeroot (10), anthocyanin (11),  defined @0). A new type of plant mitochondrial thioredoxin
phenolic compoundsL@), water extracts of roast@hssia tora was also shov_vn to regulate the activities of several mitochondrial
(13), and whey proteinsléd—16) have been extensively studied ~Proteins by disulfide bond reduction (23).

for their antioxidant activity and radical-scavenging activity. Thioredoxinh is generally assumed to be cytosolic, which
was supported by the absence of a transit peptide in the genes
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leaves 82), wheat flour 83), and rice phloem sa34) supports layer of the solution was mixed with distilled water and 0.1% kel

the view that most higher plants possess multiple and divergenta ratio of 1:1:2, and the absorbance at 700 nm was measured to
thioredoxin genes (27). determine the amount of ferric ferrocyanide (Prussian Blue) formed.

In humans the direct antioxidant properties of thioredoxin 1 Increased absorbance of the reaction mixture indicated increased

include removal of hydrogen peroxidgY). Thioredoxin 1 has reducing power of the sample.

Iso b ted o b fficient elect d to h Determination of Antioxidant Activity by Fe 2-Chelating Ability.
also been reported to be an efnicient electron donor to human o Fé*-chelating ability was determined according to the method of

plasma glutathione peroxidas86). Thioredoxin 1 has been  pecker and Welch42). The F&" was monitored by measuring the
suggested to have an antioxidant role in plasBig.( formation of ferrous iror-ferrozine complex at 562 nm. Thioredoxin
The objectives of this work were to investigate the antioxidant h (0, 6.25, 12.5, 25, 50, and 10@) was mixed with 2 mM FeGland
property of thioredoxirh from sweet potato in comparison with 5 mM ferrozine at a ratio of 10:1:2. The mixture was shaken and left
chemical compounds such as butylated hydroxytoluene (BHT), to stand at room temperature for 10 min. The absorbance of the resulting

reduced glutathione, or ascorbate in a series of in vitro tests. Solution at 562 nm was measured. The lower the absorbance of the

reaction mixture, the higher the Fechelating ability. The capability
of the sample to chelate the ferrous iron was calculated using the
MATERIALS AND METHODS following equation:

Expression of Thioredoxinh in E. coli. Thioredoxin 2 (Trx 2) was

expressed irE. coli. The coding sequence was amplified from Trx2 scavenging effect (%5 [1 — ABS,pidABSconiol % 100
cDNA using an oligonucleotide (5-GAG AGG ATC CAA TGG GAG
GGG CT-3'), with aBamHI site (underlined) at the putative initial Determination of Antioxidant Activity by the Ferric Thiocyanate

Met residue, and an oligonucleotide (5-ATT TGA AGC TTG ATT  (FTC) Method. The FTC method was adapted from the method of
GAT GCT-3), with aHindlIl site at the 3’ end&8). The PCR fragment Osawa and Namiki43). Samples (20 mg/mL) dissolved in 4 mL of
was subcloned in pGEM T-easy vector, and the plasmid was then 99.5% (w/v) ethanol were mixed with linoleic acid (2.51%, v/v) in
digested withBamHI andHindIll and subcloned in pQE32 expression  99.5% (w/v) ethanol (4.1 mL), 0.05 M phosphate buffer, pH 7.0
vector (QlAexpress expression system, Qiagen). The resulting plasmid, (8 mL), and distilled water (3.9 mL) and kept in a screw-cap container
termed pQE-Trx2, was introduced inko coli (M15). Cultures of the at 40°C in the dark. Then, to 0.1 mL of this solution was added 9.7
transformedE. coli (M15) overexpressed a protein of the expected mL of 75% (v/v) ethanol and 0.1 mL of 30% (w/v) ammonium
molecular mass, which was purified by affinity chromatography in Ni  thiocyanate. Precisely 3 min after the addition of 0.1 mL of 20 mM
NTA columns (Qiagen), according to the manufacturer’s instructions. ferrous chloride in 3.5% (v/v) hydrochloric acid to the reaction mixture,
Protein Staining on 15% Sodium Dodecyl Sulfate-Polyacryl- the absorbance at 500 nm of the resulting red color [Fe(SCRE*
amide Gel Electrophoresis (SDS-PAGE) GelsThioredoxin was was formed after lipid peroxide was produced and Fenton reaction
detected on 15% SDS-PAGE geR9j. Samples treated with sample  occurred] was measured every 24 h until the day when the absorbance
buffer ands-mercaptoethanol (2-ME) with a final concentration of 14.4  of the control reached the maximum value. The inhibition of linoleic
mM were heated at 100C for 5 min before 15% SDS-PAGE. acid peroxidation was calculated as % inhibitrerl00 — [(absorbance
Measurement of Total Antioxidant Status. The total antioxidant ~ increase of the sample/absorbance increase of the cortrp]. All
status of the thioredoxirh protein was measured using the total —tests were run in duplicate, and analyses of all samples were run in
antioxidant status assay kit (Calbiochem Corp.) according to the triplicate and averaged.
manufacturer’s instructions. The assay relies on the antioxidant ability ~ Protection of Thioredoxin h against Hydroxyl Radical-Induced
of the protein to inhibit the oxidation of 2;2zinobis[3-ethylbenzthia- ~ Calf Thymus DNA Damage.The hydroxyl radical was generated by
zoline-6-sulfonic acid] (ABTS) to ABTS by metmyoglobin. The Fenton reaction according to the method of Kohno et).(The 15
amount of ABTS produced is monitored by reading the absorbance uL reaction mixture containing thioredoxih (2.5, 5, 10, or 20
at 600 nm. Under these reaction conditions, the antioxidant ability of mg/mL), 5uL of calf thymus DNA (1 mg/mL), 18 mM FeSpand 60
thioredoxinh protein suppresses the absorbance at 600 nm in proportion MM hydroxygen peroxidewere incubated at room temperature for 15
to its concentration. The final antioxidant capacity of thioredain ~ Min. Then 2uL of 1 mM EDTA was added to stop the reaction. Blank
protein was calculated by the following formula: concentration of test contained only calf thymus DNA, and the control test contained

ABTS™ being cleared (mmol/L}= [factor x (absorbance of blank all components except thioredoxinAfter agarose electrophoresis, the
absorbance of sample)]; factsr[concentration of standard/(absorbance treated DNA solutions were stained with ethidium bromide and
of blank — absorbance of standard)]. examined under UV light.

Rapid Screening of Antioxidant by Dot-Blot and DPPH Staining. Statistical Analysis.Means of triplicates were calculated. Student’s
An aliquot (3uL) of each diluted sample of the thioredoxinwas t test was used for comparison between two treatments. A difference

carefully loaded on a 20 cm 20 cm thin-layer chromatography (TLC) ~ Was considered to be statistically significant whets 0.05.
layer (silica gel 60 F254; Merck) and allowed to dry (3 min). Drops of
each sample were loaded in order of decreasing concentration alongRESULTS AND DISCUSSION

the row. The staining of the silica plate was based on the procedure of L.
Soler-Rivas et al. (40). The sheet bearing the dry spots was placed Measurement of Total Antioxidant Status. To express

upside down for 10 s in a 0.4 mM 1,1-diphenyl-2-picrylhydrazyl sweet potato thioredoxih in E. poh, the coding sequence of
(DPPH) solution. Then the excess of solution was removed with a tissue 112 (Figure 1) was subcloned in a pQE-32 expression vector
paper, and the layer was dried with a hair dryer blowing cold air. The SO that sweet potato thioredoxirwas produced with a6 His-
stained silica layer revealed a purple background with white spots at tag at the N terminus. SDS-PAGE analysis of crude extracts
the location where radical scavenger capacity presented. The intensityfrom transformedE. coli (M15) showed a high level of a
of the white color depends on the amount and nature of radical polypeptide with the expected molecular masg4 kDa). This
scavenger present in the sample. _ polypeptide was found as a soluble protein in the supernatant
Determination of Antioxidant Activity by Reducing Power (Figure 1, lane 2) and was absent in protein extracts obtained
Measurement. The reducing powers of the thioredoximand glu- from E. coli transformed with the pQE-32 vectoFigure 1
tathione were determined according to the method of Yen and Chen lane 1). The expressed protein was purified from crude ex’tracts

(41). Thioredoxinh (0, 18.8, 37.5, 75, 150, and 3@@) and glutathione ol - . . .
were mixed with an equal volume of 0.2 M phosphate buffer, pH 6.6, by Ni**-chelate affinity chromatography, which yielded highly

and 1% potassium ferricyanide. The mixture was incubated acs50  Purified His-tagged thiredoxih (Figure 1, lane 3).

for 20 min, during which time ferricyanide was reduced to ferrocyanide. ~ The total antioxidant status of the thioredoxiprotein was
Then an equal volume of 1% trichloroacetic acid was added to the measured using the total antioxidant status assayFidfufe
mixture, which was then centrifuged at 6000 rpm for 10 min. The upper 2). Different amounts of thioredoxih protein did not show a
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Figure 1. SDS-PAGE analysis of purified recombinant sweet potato
thioredoxin h. Crude extracts from E. coli (M15) transformed with pQE32
(lane 1) or with pQE32-TRX2 (lane 2) were analyzed by 15% (w/v) SDS-
PAGE with 5 ug of protein, and then the gel was stained with Coomassie
blue G-250. Molecular masses of standard proteins are indicated at the
left. His-tagged Trx2 was purified by Ni*-chelated affinity chromatography
(lane 3). The experiments were done twice, and a representative one is
shown.
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Figure 2. Total antioxidant activity of recombinant thioredoxin h from sweet
potato, as measured by the total antioxidant status assay. Absorbance
values represent triplicates of different samples analyzed.

dose-dependent total antioxidant activity within the applied
concentrations (0, 12.5, 25, 50, and 100 mg/mL). At 12.5
mg/mL, thioredoxinh displayed the highest total antioxidant
status (expressed as 0.370.012 mM ABTS radical cation
being cleared). At 100 mg/mL, thioredoxim displayed the
lowest total antioxidant status (0.144 0.0326 mM ABTS
radical cation being cleared).

Rapid Screening of Antioxidant by Dot-Blot and DPPH
Staining. Antioxidant capacity of expressed sweet potato
thioredoxinh was eye-detected semiquantitatively by a rapid
DPPH staining method in TLC. Each diluted sample was applied
as a dot on a TLC layer that was then stained with DPPH
solution (Figure 3). This method is typically based on the
inhibition of the accumulation of oxidized products, because
the generation of free radicals is inhibited by the addition of

Huang et al.

Figure 3. Dot blot assay of recombinant thioredoxin h from sweet potato
on a silica sheet stained with a DPPH solution in methanol. For
recombinant thioredoxin h extract, dots from left to right, respectively,
each contained 3 uL of sample of 100, 50, 25, and 12.5 mg/mL. For
GSH, dots from left to right, respectively, each contained 3 uL of sample
of 10, 5, 2.5, 12.5, and 6.25 mg/mL.
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Figure 4. Antioxidative activities of recombinant thioredoxin h from sweet
potato, as measured by the reducing power method. Absorbance values

represent triplicates of different samples analyzed. Bars with different letters
are significantly different (p < 0.05).

an absolute amount of 15g). The reduced glutathione was
used as a positive control. Initial faint spots appeared, and 1 h
later weak spots cound be observed in sample row. This explains
why we got the negative results of DPPH-scavenging capacity
of thioredoxinh in the spectrophotometric assay. Free cysteine
residues in whey proteins were reported to have antioxidant
activities @6, 47). These findings suggest that cysteine residues
in sweet potato thioredoximmight also participate in antiradical
activity.

Measurement of Reducing Power.We investigated the
Fe*—Fe&** transformation in the presence of thioredokito
measure its reducing capacity. The reducing capacity of a
compound may serve as a significant indicator of its potential
antioxidant activity 48). The antioxidant activity of putative
antioxidants has been attributed to various mechanisms including
prevention of chain initiation, binding of transition metal ion
catalysts, decomposition of peroxides, prevention of continued
hydrogen abstraction, and radical scaveng#8).(The reducing
power of thioredoxinh is shown inFigure 4 with reduced
glutathione serving as a positive control. The reducing activity
of thioredoxinh exhibited a dose dependence (significanp at
< 0.05) within applied concentrations (0, 18.8, 37.5, 75, 150,
and 300 mg/mL).

Measurements of Fé'-Chelating Ability. The metal-
chelating capacities of thioredoxinand standard antioxidants
were determined by assessing their ability to compete with

antioxidants and scavenging the free radicals shifts the end point.ferrozine for the ferrous ions. The Fechelating ability of the
The appearance of a white color spot versus a purple backgroundhioredoxinh with a concentration-dependent mode is shown

has a potential value for the indirect evaluation of antioxidant
capability of the expressed thioredoxim in the dot blots

in Figure 5. EDTA was used as a positive control. TheéFe
chelating ability of thioredoxitn was lower than that of EDTA,

(40, 45). Fast-reacted and strong intensites of white spots and this difference was statistically significapt€ 0.05). The

appeared up to the dilution of 50 mg of thioredokimL (with

doses of 25, 50, and 10@g of thioredoxin h exhibited 9.6,
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Figure 7. Protection against hydroxyl radical-induced calf thymus DNA
damage by thioredoxin h. Thioredoxin h was added at a final concentration
of 0, 2.5, 5, 10, or 20 mg/mL, respectively, from lane 1 to 4. Only calf
thymus DNA was used for blank test (B), and the control test was without
thioredoxin h (C).

Fe2+ chealating activity (%)

against hydroxyl radical-induced damages during 15-min reac-
tions.

In conclusion, the results from in vitro experiments, including
total antioxidant status assdyigure 2), DPPH stainingKigure
3), reducing power method (Figure 4), Pechelating ability
(Figure 5), FTC method Figure 6), and hydroxyl radical-
induced calf thymus DNA damagé&igure 7), demonstrated
that the expressed thioredoxinof sweet potato has various
antioxidant activities. The measurement of total antioxidant
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Figure 5. Antioxidative activities of recombinant thioredoxin h from sweet
potato, as measured by the FeZ*-chelating ability method. Absorbance
values represent triplicates of different samples analyzed. Bars with
different letters are significantly different (p < 0.05).

activity is not just detection of free radicals. Thioredokioan

<3 serve as an electron donor in a variety of cellular redox reactions
= or during removal of hydrogen peroxide. Hence, thioreddxin
2 may contribute significantly to change the redox states and as
o a potent antioxidant against hydroxyl and peroxyl radicals when
< o people consume sweet potato. The ex vivo or in vivo antioxidant
g activity of thioredoxinh should be examined soon.
B 801
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