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ABSTRACT

A gene encoding NABdependent sorbitol dehydrogenase (SDH) in peaait fvas cloned and expressed in
Escherichia coli. Recombinant SDH protein with 6stihgged was localized exclusively in the cytoplasoluble
fraction of E. coli when the strains were grown for 4-5 h at°&% Highly pure protein was isolated by’Nresin
chromatography with 150 mM imidazole in 50 mM Tjpis, 8.0, by elution. In order to ensure that theambinant
SDH could be used for further study, the fluoreseeand ultraviolet spectrum of the recombinant SDéte
detected. Recombinant SDH was confirmed to be ¢apzfboxidizing sorbitol by enzymatic activity agsdhe
activity of the recombinant SDH was 2.73 U min?, which was similar with that directly extracteddn peach
fruits. The activities of SDH extracted from theits in different periods (30, 60, 90 days aftemfing) were 7.75,
5.95, 3.26 U mgmin™, respectively.

Key words: sorbitol dehydrogenase, recombinant SDH, exprasaia purification, Ni-NTA, enzyme assay, peach
fruit

INTRODUCTION concentrations (Loescher et al. 1982). Similar is
also found in the apple fruit (Yamaguchi et al.
Sorbitol is the major photosynthetic product in1994). However, the accumulation of sugar during
peach Prunus persicdL.) Batsch.) (Yamada et al. fruit development of peach is quite different from
1999). NAD-dependent sorbitol dehydrogenaseghat of apple in which SDH plays an important role
(SDH) is one of the important enzymes in sorbitolfor sugar metabolism. It is known that sorbitol is
metabolism in the Rosaceae plants, which important in the translocation of photosynthates in
catalyzes the reversible oxidation of sorbitol tagpeach, but little is known about sorbitol
fructose using NAD as a cofactor, and plays metabolism in the peach fruit. The SDH distributes
important rolesin regulating sink strength and ubiquitously in the fruit and leaf of apple (Wartg e
controlling the quality of the fruit (Yamaki and al. 2009) and is expressed and active in the apple
Ishikawa 1986:; Loescher and Everard 1996fruit during apple fruit set and early development
Yamaguchi et al. 1996; Nosarzewski and ArchboldNosarszewski et al. 2004; Nosarzewski and
2007). In the peach fruiSDH contributes to the Archbold 2007).
production of fructose from sorbitol and isThe SDH enzyme was purified from the mature
responsible for the regulation of fructoseJapanese pear fruit (Oura et al. 2000) for the firs
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time. The molecular weight of the native enzymdrom the frozen peach fruit by the method of
was estimated to be 160 kDa by gel filtrationcetyltrimethylammonium bromide (CTAB)
whereas SDS-PAGE gave a subunit of 40 kDgMurray and Thompson 1980; Gasic et al. 2004).
indicating that the native enzyme was a&Sense and antisense primers 8DH were
homotetramer (Oura et al. 2000). The cDNAdesigned using the Primer Premier 5.0 and
encoding SDH protein frorRosaceaelants was synthesized by Invitrogen (Beijing, China). Gene-
firstly isolated from the apple fruit by using palt specific primers were designed based on a partial
amino acid sequences of SDH protein (Yamada sequence of peacBDH cDNA (GenBank nos:
al. 1998). TheSDH gene has been successfullyAB025969.1) Forward primer 5'-GGA TCC AAA
isolated from loquat fruit (Bantog et al. 2000),ATG GGC AAG GGA GGG ATG-3' and reverse
peach fruit (Yamada et al. 2001), apple fruitprimer 5-AAG CTT ATG TTC TCG CCG ACC
(Nosarszewski et al. 2004), and the bud off TT CTA-3. RT-PCR was performed using RNA
Japanese pear (Ito et al. 2005). Although sorbitddCR Kit (AMV) (TaKaRa), following the
concentration is low in peach fruit mesoceé@H manufacturer’'s guidelines. A fragment &DH
is also expressed during the first and third stzfge (1104 bp) was amplified using the primers to
peach fruit development in accordance with th&onserve SDH sequence at a 55@ annealing
changes of SDH activity (Lo Bianco and Riegertemp for 36 cycles. The resulting RT-PCR product
2002; Morandi et al. 2008). Because it is stillwas isolated by a quick Agarose Gel DNA
unclear about sorbitol metabolism and the role oPurification Kit (TaKaRa). The product was
SDH in peach fruit, it is important to understandligated into pMDB“18-T Vector (TaKaRa),
the relation in more detail between the expressiofollowing the manufacturer's guidelines. The
of SDHand development of peach fruit. recombinant plasmids (pMM18-T+SDH) were
In this study, a gene encoding SDH was clonettansferred intoE. coli DH5a by the method of
from “Feicheng” peach fruit at physiological heat shock response as following. After incubating
mature and expressedHscherichiacoli. on ice for 30 minutes, the ligation product of
pMD™18-T+SDH was heat-shocked at %2 for
90s and then kept on ice for 5 minutes. Eheoli
MATERIALS DH5a harboring the pMB'18-T+SDH vector was
incubated in 1.0 mL of Luria-Bertani (LB)
Peach fruits Rrunus persica(L.) Batsch, cv. medium at 37C for 1.5 h. Afterwards, 1.0 mL of
Feicheng) were obtained from Feichengg. colicells suspension was centrifuged to 0.1 mL
Shandong province in China at a pre-climacterigt 1,2000xg for 1 min and the cells were plated on
but physiological mature stage, with a meanpB agar with 50 pg mt: ampicillin (Inoue et al.
firmness of 85 N cnf. They were selected for 1990; Brooke et al. 2009; Singh et al. 2010).
uniformity of size and ground color and freedompgsitive clones were selected on LB solid media
from the defects and mechanical damage. Thegith ampicillin at 37C overnight. Next day, all the
they were frozen immediately in liquid nitrogenpacterial colonies were removed from the plates
and stored at -80°C until further use. The SOfbitOénd then grown to Stationary phase in 3.0 mL of
dehydrogenase genomic sequence was accessgérile liquid LB from which the plasmids were
from the National Center for Biotechnology extracted and purified using alkaline lysis
Information  (www.ncbi.nim.nih.gov, GenBank (Birnboim and Doly 1979; Birnboim 1983; Ehrt
nos: AB025969.1)E. coli BL21 (DE3) was kindly  and Schnappinger 2003) as follows. All the studies
provided by the College of Life Sciences were carried out at room temperature unless
Shandong Agricultural University. otherwise indicated. After 12 h incubation, 1.0 mL
of culture was transferred to a 1.5 mL Eppendorf
tube for plasmid extraction. The tube was
METHODS centrifuged for 1 min at 12,000xg in a
microcentrifuge to pellet the bacteria. The
Gene cloning and construction of SDH supernatant was carefully removed with a micro-
expression vector adjustable pipette and the cell pellet was
The frozen peach fruit samples were ground imhoroughly suspended in 20 of solution | (9 g
liquid nitrogen to a fine powder using a mortar and_™ glucose, 25 mM Tris-HCI, 10 mM EDTA, pH
pestle. Total ribonucleic acid (RNA) was extractedB.0). After incubation at € for 30 minutes,
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200uL of solution 1l (1% SDS, 0.2 M NaOH) was vector were grown at 8 with shaking at 250
added and the tube was gently vortexed, then thipm to a maximum optical density at 600 nm. One
tube was maintained for 5 minutes & @&nd then milliliter was used to inoculate a new culture,
300 pL of solution Il (0.5 M CHCOOK, 11.5% which was grown at 3T with shaking at 250 rpm
CHsCOOH) was added. The contents of the tubentil optical density at 600 nm reached 0.4~0.6.
were gently mixed by inversion for a few secondsThe cultures were then induced with 1 mM IPTG
After 5 minutes incubation at’0, the tube was and shocked at 250 rpm and°G7for 4 h. One
centrifuged at 12,000xg for 7 minutes in ahundred milliliter of cells was harvested by
microcentrifuge and the supernatant wagentrifugation (5,000xg at°@ for 15 min) and
transferred to a fresh tube. At the same time, alysed by re-suspension in 4.0 mL of 1xBinding
equal volume of phenol: chloroform (1:1) wasBuffer (20 mM NaPQ,, 500 mM NaCl, pH 7.8).
added and the contents of the tube were mixed hysozyme was added into lysate with the final
vortexing for 5 s. The tube was centrifuged atoncentration of 1.0 mg mlL The lysate was
12,000xg for 7 minutes in a microcentrifuge toincubated at %4« for 30 min and then
achieve the phase separation. Then the tagtrasonicated in the presence of protease
aqueous phase was transferred to a clean tubehibitors. The resulting lysate was centrifuged to
After 700 uL 100% isopropanol was added, theremove the cell debris. The supernatant was
tube was incubated at -ZD for 30 minutes. The collected as a crude extract.
precipitate was again collected by centrifugatiomhe recombinant SDH was purified from the
as before. The supernatant was removed a®luble fractions with Ni-NTA chromatography.
completely as possible and the DNA pellet wadMost of the impurities were in the flow-through
dissolved in 5QuL of TE buffer containing 2Qug  while His-SDH fusion protein was retained on the
mL™ of RNase A. column. Target fusion protein appeared as the
Following the recombinant plasmids, includingstrongest band after Ni-NTA purification from
SDH fragment being obtained, correct plasmidsSDS-PAGE gel. The cell pellet was washed with
were identified by restriction digests wittind Il PBS and re-suspended in 1:5 (w/v) buffer A (50
and BamH I. All the restriction digests were mM Tris, 0.2 M NaCl, 5 mM b-mercaptoethanol, 5
carried out for 3 h at 3C with 1 ug of plasmid mM imidazole, 1% glycerol, pH 8.0,°6) and
and 10 U of each enzyme. Withifh 6xloading stirred for 15 min at %. The cells were disrupted
buffer added to terminate reaction, the products dfy pulsed sonication and the lysate was spun at
restriction endonucleases were electrophoresekb,000xg for 15 min. The soluble fraction was
through a 1% (w/v) agarose gel. The correctoaded onto a Ni-NTA-His bind column
plasmids were then sequenced by InvitrogeNovagen), equilibrated with buffer A at® The
(Beijing, China). column was washed with 300 mL of buffer B (50
The SDH fragment digested by restriction mM Tris, 0.2 M NaCl, 50 mM imidazole, pH 8.0,
enzymes was then ligated into pET-30a with T4°C) until the Ag, reached 0.001. The second
DNA Ligase at 18C for 12 h. Then the ligation wash was done with 50 mL of buffer C (50 mM
product was used to transfofacoli BL21 (DE3)  Tris, pH 8.0, 8C) and the protein was eluted with
by heat-shock response. Afterwards, positivéuffer D (150 mM imidazole in 50 mM Tris, pH
clones were selected on LB solid media witt8.0, 5C). The protein-containing fractions were
kanamycin (5Qug mL™?) at 37°C overnight. Then pooled and dialyzed exhaustively against 20 mM
the new construct recombinant plasmids (pETHEPES, pH 7.0 or 50 mM Tris, pH 8.0. The
30aiSDH) were extracted and purified by theprotein content was determined using Coomassie
methods mentioned above (Birnboim and Dolybrilliant blue G-250 (Bradford 1976). From the
1979; Birnboim 1983; Ehrt and Schnappingetotal fresh mass extracted and the various protein
2003) and assayed by the PCR. Meanwhile, theoncentrations, the extractable protein
new construct recombinant plasmids wereoncentration of the tissue was estimated. SDH
sequenced by Sangon Biotech (shanghai) Co., Ltghrotein was subsequently analyzed by 10% SDS-
PAGE (Laemmli 1970; Jose and von Schwichow
Expression and purification of SDH 2004).
E. coli BL21 (DE3) harboring the pET-308PbH
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Fluorescence measurement of guanidinium 100 mM Tris-HCI buffer (pH 9.0, 2&), 1 mM
hydrochloride (GdnHCI)-induced equilibrium NAD* and 300 mM sorbitol. The increase in
unfolding absorbance at 340 nm (UV-2450
The fluorescence measurement was carried ospectrophotometer, Shimadzu) due to the
according to Yadaiah et al. (2012). The sampleseduction of NAD to NADH during the

for equilibrium unfolding were prepared by conversion of sorbitol to fructose was recorded
mixing appropriate volumes of stock solutions ofover 10 to 30 min at 26. From the increase in
native and unfolded protein prepared in 20 mMabsorbance over the time and the difference
HEPES, pH 7.0. The former contained nobetween the assays with and without sorbitol, the
denaturant and the latter was 6 M in GdnHCI. Theate of NAD reduction was determined. The
initial volumes of the two stock solutions werespecific activity of SDH was expressed as units
identical and they were sufficiently uniform in min™ mg™® of protein. One unit oSDH activity
SDH content. Therefore, samples prepared bwas defined as the amount of enzyme needed to
mixing these two stocks were identical in terms obxidize 1 pM of substrate nith under initial
protein content (about 0.05 mg ML This velocity conditions.

procedure of samples preparation also provided Bach experiment was repeated three times and the
test for reversibility of the folding-unfolding data was processed by the analysis of variance
equilibrium. The samples were incubated at@5 (ANOVA). The data values were expressed as
for 24 h and the fluorescence emission spectnaean + SE (n = 3). Standard errors of the means
were recorded at 360-600 nm with an excitationvere shown for the data points in each figure.
wavelength of 340 nm.

Comparison of activities between recombinant RESULTS AND DISCUSSION

SDH and SDH extracted from peach _

SDH activity was assayed following the protocol €loning of the gene for SDH

described by Bianco et al. (1998). Mesocarﬂ_ of[al RNA was extracted from the .frozen peach
tissues (1.0 g) was homogenized on ice with 4.fuit and the RNA sample (approximately .

mL of 0.2 M Tris-HCI buffer (pH 9.0, 2&) each) was electrophoresed through 1% (w/v)
containing 20 mMp-mercaptoethanol, 8% (v/v) agarose gel. DIS'tInCt 28S and 18S rRNA bands
glycerol, 0.1 % (v/v) Tween 20 and 1% (w/v) without degradation were observed in Figure 1.
polyvinylpolypyrrolidone (PVPP). The The brightness of 28S was more than two times
homogenate was filtered through a layer oftigher than that_lof 18S. The RNA concentration
miracloth and centrifuged at 3000xg forWas 3253.0 ngL " and the Aeopsoratio was 2.27.
15 minutes at%. The supernatant was desalted af Nese indicated that the RNA was of high purity
4°C using a Sephadex G-25 column. and was not contaminated by polyphenol and
Assay mixture (5.0 mL) consisted of 1.0 mL 0.5Polysaccharide. The ay.g ratio was 2.10,
mg mL? recombinantSDH (or extractedSDH), indicating lack of protein contamination.

Figure 1 - Electrophoretogram of total RNA through a 1%uJwagarose gel. Total RNA was
extracted from peach fruit, and analyzed throush(\i#¢) agarose gel.
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RT-PCR products ofSDH were electrophoresed Ten samples were analyzed by the PCR but lanes
through 1% (w/v) agarose gel (Fig. 2). Eightl, 2, 5, 7, 8, 9, 10 only showed positive clone.
samples were injected into gel holes. TBBH There were obvious bands at about 1.1 kbp in
gene was successfully acquired in the eightanes 1, 7 and 10, in accordance with size of
samples,. The band of RT-PCR product appearddrgetSDH gene. Result from Figure 3 confirmed
at 1100 bp and was in accordance with the targé¢hat the recombinant plasmids were successfully
SDHgene. transformed intde. coli.

The RT-PCR products were isolated from théThe recombinant plasmids (pMB18-T+SDH)
agarose gel and ligated into pMf18-T vector, were digested withlind Il and BanH | restriction
then transformed int&. coli DH50. The DH®m  enzymes for 4 h at 37 °C. Digested products were
harboring the recombinant plasmids (pMD8- electrophoresed through a 1% (w/v) agarose gel
T+SDH) was incubated at 37°C for 4 h and then(Fig. 4) and the gene fragments at 1.1 kbp were
detected by the PCR (Fig. 3). PCR products wengurified by TaKaRa Agarose Gel DNA
electrophoresed through a 1% (w/v) agarose geRurification Kit Ver.2.0.

1 2 3 4 5 6 7 8 9 10

2000bp

1000bp
750bp
500bp

Figure 2 - Electrophoretogram of RT-PCR productsSiPH gene through a 1% (w/v) agarose gel.
Lane 1-8, RT-PCR products &DH gene; Lane 9, negative reagent control; Lane 10,
DL2000 DNA marker.

123 4567 8910111213

2000bp

1000bp
750bp

500bp

Figure 3 - Electrophoretogram oE. coli DH5a harboring the recombinant plasmids (pMms-
T+SDH) through a 1% (w/v) agarose gel. Lane 1-10, PCsdyet; Lane 11 and 12,
negative reagent control; Lane 13, DL2000 DNA marke

S 2000bp

1000bp
750bp

500bp

Figure 4 - Electrophoretogram of digested products in a 1 %)(agarose gel. Recombinant plasmid
(PMD™18-T+SDH) was digested biind Il and BanH | simultaneously. Lane 1 showed
two bands appeared in 1100 bp and 2600 bp, it sthdkat cohesive end of target gene
formed. Lane 1: digested products of recombinaasmpids (pMD"18-T+ SDH) by Hind
lll/BamH |; Lane 2: digested products of plasmid (pET30aHind Ill/BanH I; Lane 3:
DL2000 DNA Marker.
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Digested productstind Ill/BanH | were then from the soluble fractions with Ni-NTA
ligated into pET-30a, which had been previouslychromatography. Most of the impurities were in
prepared byHind Il and BanH | digestion, and the flow-through while HisSDH fusion protein
then were transformed into BL21 (DES3).was retained on the column. Target fusion protein
Recombinant plasmids (pET-308BH) was appeared as the strongest band after Ni-NTA
certified by the restriction analysis andpurification from SDS-PAGE gel (Fig. 5).
sequencingSDH sequence identity was 96.74%. Protein concentrations were determined by
) o measuring the continuous changes in absorbance
Expression and purification of SDH at 595 nm and 268 with a UV-2450
The recombinant plasmid pET-3@BH of SDH  gpectrophotometer (Shimadzu, Japan) according to
gene of ‘Feicheng’ peach by prokaryotiCthe Bradford method (Bradford 1976). The

expression was transformed into BL21(DE3)concentration of recombinaBDH was 0.4687 mg
Cells were lysed by sonication in the presence qf, -1

protease inhibitors. Fusion protein was purified

97.4kD
66.2kD

43kD

31kD

20.1kD

Figure 5 - Expression of His-tagge8DH fusion protein inE. coli and purification of the 6xHis-tag
recombinantSDH with Ni-NTA. The crude extract was applied to asHiap Chelating
column (1 mL), washed with phosphate buffer (pH) Zdntaining 10 mM imidazole
(pass-through, each 1 mL-scale fraction) and elwéth phosphate buffer (pH 7.4)
containing 200 mM imidazole (w/Imidazole, each 1 -sdale fraction). Sample was
extracted with SDS sample buffer by boiling andntlanalyzed with 10% SDS-PAGE.
Lane 1: crude extract &DH protein induced with IPTG; Lane 2: Purification $DH
protein induced with IPTG; Lane 3: crude extracSafH protein induced without IPTG;
Lane 4: molecular mass marker. Positive band wasalized with Ni-NTA conjugate and
Coomassie brilliant blue R-250 staining kit.

Reversibility of GdnHCI-induced unfolding of  preparation for this experiment made it clear that
the purified SDH the unfolding reaction was reversible.

In order to find whether the purified recombinant

SDH was stable and folded, GdnHCl-inducedComparison of SDH enzyme activity between
equilibrium unfolding of the protein was checked.expressed and extracted

Figure 6 showed the fluorescence spectra of the order to find out whether the recombinant SDH
native and 6 M GdnHCl-unfolded protein. Thehad catalytic function like native SDH, native
observed fluorescence was largely due to the thré&&DH was extracted from the fruits on 30, 60, 90
tryptophan residues, the enhancement ofays after the flowering (DAF) and the activities
fluorescence in the unfolded state should serve agere also determined. Figure 7 showed that native
a probe for folding—unfolding studies. A SDH activity decreased with increasing mature of
quantitative treatment of the unfolding equilibriapeach fruit. However, SDH activity was low in
and the interpretation of the foldingnfolding Young apple fruit and then increased gradually as
could not be presented here. Howeverfruit developed, with a rapid rise 144 DAF and

consideration of the strategy for the sampléSDH specific activity was lower between 88 and

Braz. Arch. Biol. Technol. v.56 n.4: pp. 531-530lyJAug 2013



Cloning, Expression, Purification and Assaysofbitol dehydrogenase 537

144 DAF than either earlier, or later (Yamaguchwas no significant difference in the activity
et al. 1996). The intensity and the seasonal grofilbetween the recombinant SDH and the native SDH
of SDH activity in pear fruit were roughly the in the peach fruits 90 DAF (3.26 U fhgnin™).
same as those of apple fruit. The activity of SDHThe previous reports showed that there were 11
rose once rapidly in immature stage until itcDNA encoding SDH proteins from the apple fruit
attained the maximum activity on L@uly, then and the expression product 8OH was provided
reduced with fruit enlargement and subsequentlwith SDH activityin vitro (Yamada et al. 1998).
rose again with fruit maturation after 2@ugust The K., value for sorbitol of this recombinant
(Moriguchi et al. 1990). The difference betweerprotein (247 mM) was higher than that of purified
the present work and the previous reports in nativeDH from the apple fruit (40.3 mM) (Yamaguchi
SDH activity could depend on the maturity ofet al. 1994). This indicated that native SDH had a
peach fruit. It was suggested that SDH activityhigher affinity to sorbitol than recombinaS8DH,
increased and then decreased during the fruithich was consistent with the difference of
development. The fruit types could also contributactivity between the native SDH and recombinant
to the difference in SDH activity in the fruits. SDH in the peach fruit. The conformation of
The activity of the recombinant SDH (2.73 U'™ng recombinant SDH could be different compared to
min™) was significantly lower than that of the native SDH from the peach fruit since this
native SDH in the fruits 30 and 60 DAF (7.75 andecombinant protein contained thioredoxin as an
5.95 U mg min, respectively). However, there extra-protein (Yamada et al. 1998).
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Figure 6 - Fluorescence spectra and reversible unfolding edmiinant SDH. Emission spectra of
native (N) and 6 M GdnHCl-unfolded (U) SDH in 20 mMEPES, pH 7.0, 2%&.
Excitation wavelength is 280 nm.
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Figure 7 - Comparison of enzyme activity between the recomtiif@DH and the native SDH
extracted directly from peach fruit. A, B and C negented nativ&éDH extracted from
peach fruit in 30 days, 60 days, and 90 days #fiarering, respectively. D represented
the recombinanSDH Each point is the mean + SE of three experimgnts3).
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CONCLUSION Gasic K, Hernandez A, Korban S. RNA extraction from
different apple tissues rich in polyphenols and

This work cloned and characterized the expressionPolysaccharides for cDNA library constructidriant
of SDH and its product in peach fruit. Mol Biol Rep.2004; 22:437a-437g.

Recombinant SDH protein with 6xHis-tagged wad"?!® fH Nojima fH' ?\k"’?yﬁ.ma ": I_-hhgh leff|c_|§ncy
localized exclusively in the cytoplasmic soluble transformation ofEscherichia coli with plasmids.
Gene.1990; 96 (1):23-28.

fraction of E. coli when the strains were grown atjy; o Hayama H, Kashimura Y. Partial cloning and

37°C for 4-5 h. Highly pure protein was isolated expression analysis of genes encoding NAD
by Ni**-resin chromatography using 150 mM dependent sorbitol dehydrogenase in pear bud during
imidazole in 50 mM Tris, pH 8.0, by elution. The flower bud formationSci Hortic. 2005;103 (4):413-
activity of the recombinant SDH enzyme was 420.

similar with that of peach fruits assayed byJOSG J, von Schwichow S. Autodisplay of active isolrb

monitoring the ultraviolet absorbance of the dehydrogenaseSPH) yields a whole cell biocatalyst
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