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Abstract: Dehydroascorbate reductase (DHAR) plays an important role in the recycling of ascorbic acid. In this work, we isolated
the full length cDNA clones of two different DHAR genes (tentatively named as TuDHARI and TaDHAR?2, respectively) from
common wheat. Semi-quantitative PCR experiments showed that 7TaDHARI and TaDHAR?2 were transcribed in many vegetative and
reproductive organs examined in this work. Transient expression analysis using wheat protoplasts indicated that the protein products
of TA(DHAR1 and TaDHAR2 may be located in the cytoplasm. The cDNAs of TuDHARI and TaDHAR2 were expressed in the
bacterial cells, and resultant histidine tagged recombinant proteins could be efficiently purified using nickel chelate affinity
chromatography. In vitro enzyme activity assays revealed that the recombinant TAIDHAR1 and TaDHAR?2 proteins could all convert
dehydroascorbate (DHA) to AsA. The two proteins exhibited higher activity levels at 37°C than at 25°C. Under the two temperature
conditions, the optimal pH for TaDHAR1 and TaDHAR2 was both around 7.5. The major difference between TaDHARI and
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TaDHAR? is the activity under pH 6.0 and 7.0 at 25°C. The results and resources obtained in this study may be useful for further
research into the physiological role of TaDHAR genes in AsA metabolism in crop plants under normal or stressed conditions.
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Table 1  Primers used in this study

Primer name Sequence (5'-3")

DHARF1 CAACATGACCGAGGTCTGCGT

DHAR RI CACACACACAAGCCAGGCAG

DHAR F2 GATGCCAGCGATGGTTCGGAG

DHAR R2 CCTACTGCTGCCCATCACTACCG
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TaDHAR2 M-TEVCVKAAVGHPDTLGDCPFSQRVLLTLEEKKVP YQNKL IDUSN@DUF‘LKINPEGKVPVYNGGDGKIJIL
TaDHAR1 M-TEVCVKAAVGHPDTLGDCPFSQRVLL TLEEKKVP YQNKL IDVSNKPDWFLE INPEGKVPVYNGGDGKUIL
HvDHARI M-TEVCVKAAVGHPDTLGDCPFSQRVLLTLEEKKVP YENKL IDVSNKPDWFLKINPEGKVPVFNGGDGKWIA
BdDHARI MTVEVCVKAAVGHPDTLGDCPFSQRVLLTLEEKKVP YENKL IDVSNKPDRFLK INPEGKVPVFNSGDGKWIA
OsDHARI NGVEVCVKAAVGHPD TLGDCPFSQRVLL TLEEKKVPYEMKL IDVQNKPDWFLKISPEGKVPVFNGGDGEUIP
AtDHARI MALE ICVKAAVGAPDHLGDCPFSQRALLTLEEKSLTYKIHL INLSDKPQUWFLD ISPQGKVPVLK- IDDRUVT
AtDHAR2 MALD ICVKVAVGAPDVLGDCPFSQRVLLTLEEKKLP YKTHL INVSDKPQUF LD ISPEGKVPVVK-LDGKUWVA

x ::T‘Xt"xtt Tr KT‘KKT‘K‘KT‘K'K‘K‘KKI“KK.:.I: :‘tt::':‘t': I‘T.‘K.‘K:T‘K‘KTI : t'tt:_
TaDHAR2 DSDVITQVIEEKYPTPSLVTP%EYABVGSKIFSTFVTFLKSKDASDGSEKnLVDELQALEEHLKﬂ.H—GPYIN
TaDHAR1 DSDVITQVIEEKYPTPSLVTPAEYASVGSKIFSTFVTFLKSKDASDGSEKALVDELQALEEHLKAH-GPYIN
HvDHAR1 DSDVITQVIEEKYPTPSLVTPPEYASVGSKIFSTFVTFLESKDASDGSEKALVDELQALEEHLKAH-GPYIN
BdDHARI DSDVITQIIEEKYPTPSLVTPPEYSSVGESKIFSTF IAFLKSKDASDGTEKALLDELQALEEHLKAH-VPYIN
OsDHAR1 DSDVITQVIEEKYPTPSLVTPPEYASVGSKIFSCFTTFLESKDPNDGSEKALLTELQALEEHLKAH-GPF IN
AtDHARI DSDVIVGILEEKYPDFPLKTPAEFASVGSNIFGTFGTFLKSKDSNDGSEHALLVELE ALENHLKSHDGPFIA
AtDHAR2 DSDVIVGLLEEKYPEPSLETPPEFASVGSKIFGAFVTFLESKD ANDGSEKALVDELE ALENHLKTHSGPFVA

EEREEE FEER e O N B B T OAEEAEAEN | A H A AA THeFTF L FTAT N L
TaDHAR2 GANISAVDLSLAPKLYHLOVALEHFKGUEVPETLTSVHAYTE ALFSRESFVKTKATKENL I AGUAPKVNP
TaDHAR1 GANISAVDLSLAPKLYHLOVALEHFKGUKVPETLTSVHAYTEALFSRESFVKTKATKENL I AGUAPKVNP
HvDHARI GANVSAADLSLAPKLFHLOVALEHFKGURVPETLTSVHAYTE ALFSRESFVKTKP TKENL I AGUAPKVNE
BdDHAR1 GENVSAADLSLGPKLFHLOVSLEHFKGWEIPETLTGVHAYTE ALFSRESF AKTKP AKEHL I AGWAPKVNP
OsDHARI GONISAADLSLAPKLYHLOVALEHFKGWKIPEDLTNVHAYTEALFSRESF IKTKALKEHL IAGUAPKVNA
AtDHAR1 GERVSAVDLSLAPKLYHLOVALGHFKSUSVPESFPHVHNYMKTLFSLDSFEKTKTEEKYVISGUAPKVNE
AtDHAR2 GEKITAVDLSLAPKLYHLEVALGHYKNUSVPESLTSVRNYAKALFSRESFEKTKAKKE IVVAGUESKVNA
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Fig. 1 Multiple alignment of the deduced amino acid sequences of DHAR proteins from Arabidopsis (AtDHAR), Brachypodium
distachyon (BdDHAR), barley (HvDHAR1), rice (OsDHAR) and common wheat (TaDHAR). The conserved cysteine residue is
underlined. The amino acid substitutions occurred between TaDHAR1 and TaDHAR?2 are boxed. Asterisks mark the presence of

identical residues among the compared proteins. The conserved and semi-conserved substitutions are indicated by the symbols “:” and
“.”, respectively.
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Fig. 2
members in different organs of common wheat (7. aestivum).

Transcriptional pattern analysis of two TaDHAR

Transcripts were amplified using gene specific primers, with the
PCR products separated using 1% agarose gel. Equal loading
was maintained for all samples. R: root; S: stem; L: leaf; YS:
young spike; SP: spikelet; DPA, days past anthesis.

20.0 um 20.0 um

20.0 pm

20.0 um

3 TaDHAR2-GFP fi& & A 89 4 i 7E L

Fig. 3  Subcellular localization of TaDHAR2-GFP fusion
protein. (A) GFP signal detected in the cytoplasm. (B)
Background autofluorescence of chloroplasts. (C) A merged
image of (A) and (B) showing the different localization patterns
of TaDHAR2-GFP fusion protein and chloroplasts. (D) Bright-
field image of the same protoplast shown in (A) and (B). Bar =
20 pm.
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Fig. 4 Bacterial expression and purification of histidine
tagged TaDHAR1 and TaDHAR2. (A) 12% SDS-PAGE analysis.
TaDHARI1 was overexpressed in the bacterial cells induction by
IPTG (lane 2, marked by asterisk) but not in the controls (lane
1). A similar finding was made for TaDHAR?2. The recombinant
TaDHARI (lane 3) and TaDHAR?2 (lane 4) proteins could be
purified by nickel affinity chromatography. Lane 5 is standard
protein markers. (B) Western blotting analysis of recombinant
TaDHARI1 (lane 1) and TaDHAR2 (lane 2) proteins using
anti-histidine tag antibody. The molecular mass markers were
obtained from TITANGENE BIOTECH (Beijing, China).
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Fig. 5 Relative activity levels of histidine tagged recombinant
TaDHAR1 and TaDHAR?2 under different pH (6.0, 7.0, 7.5, 8.1)
and temperature (25°C and 37°C) conditions. The ODags
readings, taken at 5 min after the start of the reactions, were
used to measure the relative activity levels of recombinant
TaDHARI and TaDHAR2.
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