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Abstract: [ObjectivelPyrus calleryana Decne. is widely used as a pear rootstocks in Asia. Our prelimi-
nary experiment proved that glutathione played a vital role in protecting the plant from cadmium (Cd)
stress. It is well known that glutathione reductase (GR) is an essential enzyme that recycles oxidized glu-
tathione back to the reduced form. However, the GR function during the above process remians un-
known. In this paper, the changes of GR activity, the content of its catalytic products and the expression
characteristics of its encoded genes were analyzed in order to understand the regulation process of the

GR against Cd stress in P. calleryana.lMethods]90-day-old seedlings of P. calleryana were chosen as
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the test materials for physiological and molecular detection. Firstly, 252 plantlets were randomly classi-
fied into four groups. Then, one group grew in the Hoagland solution as the control, and one group grew
in the same solution plus 2 mmol- L' CdCl,- 2.5H,0 as the Cd treatment. The other two groups grew in
the Hoagland solution plus 2 mmol- L' L-buthionine sulfoximine (BSO) or 2 mmol- L' reduced glutathi-
one (GSH) for 12 hours, and then they were transferred to the new nutrient solution containing 2 mmol- L’
CdCl,- 2.5H,0 as the BC and GC groups, respectively. The plantlets were incubated for 0 h, 1 h, 3 h, 6 h,
9 h, 12 h and 24 h respectively, the third and fourth leaves from the top of the plantlets were collected
and used for analysis. The GR activity, the composition of glutathione pool, and H,O, content were deter-
mined by UV/Vis spectrophotometry. To isolate the GR encoded sequences, chloroplast GR (GRchl)
(XM _009376341) and cytosolic GR (GRcyt) (XM_009356603) genes in the Pyrus % bretschneideri (Chi-
nese white pear) genome database were used as the probes to search the transcriptome database of P. call-
eryana Cd-treated seedlings. Two transcripts (Pbr009065 and Pbr030956) were identified as their ana-
logue genes. Then, two pairs of specific gene primers were designed for RT-PCR and PCR amplification,
and confirmation of the aforementioned was done by sequencing. The compositions of introns and exons
in PcGRchl and PcGRcyt genes were analyzed using the Gene Structure Display Server. Moreover, their
translated protein sequences were obtained through BioXM 2.6, and then signature motifs from different
GR proteins were found out by MEME software. A quantitative PCR (qQRT-PCR) assay was performed to
analyze the relative mRNA expression levels of PcGRchl and PcGRcyt when the seedlings were fur-
nished with or without GSH/BSO before 2 mmol- L' CdCl,- 2.5H,0 treatment, respectively.[lResults]Un-
der the condition of Cd stress, the activity of GR increased and the GSH pool changed in leaves of P. call-
eryana. The reduced glutathione (GSH) content decreased, and the oxidized glutathione (GSSG) content
increased. The total glutathione (T-GSH) content decreased. In addition, H,O, was rapidly accumulated.
At the same time, two GR genes were isolated from Cd- treated leaves of P. calleryana, which were
named chloroplast PcGRchl and cytoplasmic PcGRcyt, respectively. They were different in sequence
lengths, gene structures, and encoded protein characteristics. The cDNAs of PcGRchl was 1 680 bp, and
the DNA sequence was 3 069 bp, which included 10 exons and 9 introns, encoding a protein containing
559 amino acids. Meanwhile, the cDNAs of PcGRcyt was 1 491 bp, and the DNA sequence was 6 538 bp,
which included 16 exons and 15 introns, encoding a protein containing 496 amino acids. MEME software
analysis showed that PcGRchl and PcGRcyt encoded proteins had all the specific motifs of chloroplast
GR and cytoplasmic GR, respectively. Both of them contained the typical pyridine nucleotide-disulfide
redox reductase class I activity site, NADP-binding site and GSSG binding site. Compared with PcGR-
cyt, PcGRchl contained a chloroplast signal peptide (N-terminal amino acid residues at position 1-65).
Meanwhile, there was a specific cytosolic GR domain in PcGRcyt (LissDis/Giss T150Kis0). PcGRchl and Pc-
GRcyt expression levels were up-regulated in the leaves once the seedlings suffered from the Cd stress.
Moreover, the transcription of PcGRchl was dominant. Exogenous GSH pretreatment facilitated the pre-
storage of GSH in leaves of P. calleryana and helped to effectively inhibit the accumulation of H.O, once
the plantlets were exposed to 2 mmol- L' CdCL-2.5H,0. Compared with Cd group, the expression levels
of PcGRchl and PcGRcyt did not change much, but GR activity was partially inhibited in leaves of GC
group. Exogenous BSO pretreatment inhibited the GSH synthesis in leaves of P. calleryana. After Cd
treatment, H,O, production exacerbated, and the rising range of GR activity increased, but the transcrip-
tions of PcGRchl and PcGRcyt were not affected in leaves of BC group. The above results indicated that
GSH pretreatment or BSO pretreatment could regulate GR activity at the protein level through changing
the composition of the GSH pool in the leaves of P. calleryana under Cd stress.[Conclusion] GR may
positively take part in the regulation process in the leaves of P. calleryana against Cd stress. After Cd

treatment, the GSH content in the leaves of P. calleryana decreased, which compensated for the need of
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the plants to cope with adversity via promoting GR activity. This process was mainly achieved through

the transcriptional up-regulation of chloroplast PcGRchl. Pretreatment with GSH or BSO changed the

GSH content in the leaves of the plant, thereby affecting GR activity, slowing or exacerbating H,O, pro-

duction under Cd stress. This process was mainly regulated at the protein level after GR gene translation.
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Table 1 The treatment conditions of different groups of Pyrus calleryana

215 Group AL PR I Treatment conditions

CK Hoagland & 77 Hoagland nutrient solution
Cd 2 mmol- L CdCL-2.5H,0 + Hoagland & %% Hoagland nutrient solution with 2 mmol-L" CdCL-2.5H.0;
BC 2 mmol- L™ T i & B AT i FAR FE 12 h X\ 2 mmol- L' CdCL- 2.5H,0 + Hoagland & 7£ ¥

Pretreatment with 2 mmol- L' L-buthionine sulfoximine (BSO) for 12 h, then the seedlings were transferred into Hoagland nutrient

solution with 2 mmol- L' CdCl,- 2.5H,O

GC 2 mmol- L i JE B Z3 i H IR FLAL 3 12 h %\ 2 mmol- L' CdCL- 2.5H,0 + Hoagland & 7% X
Pretreatment with 2 mmol- L' reduced glutathione (GSH) for 12 h, then the seedlings were transferred into Hoagland nutrient solu-

tion with 2 mmol-L" CdCl,- 2.5H,0
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Table 2 The primers used for isolating and expression analysis of two glutathione reductase genes in Pyrus calleryana

Elky 2
LR 44K Primer sequences
Gene name e D
K LA oe e Pt E & PCR
Gene cloning Fluorescent quantitative PCR
PcGRchl F:5’-ATGGCCACCTCTCTCTCCACC-3’ F: 5"-AGGCTACTCTTTCGGGACTG-3’
R: 5’-TCAAACACCTTTGGCAGCTTTAA-3’ R: 5’-AAACTCTTCTGCGGCTGTCGGGT-3’
PcGReyt F: 5’-ATGTCGAGGAAGATGCTAATTG-3’ F:5’-CCTCTTTCTGTTGTGGGCCT-3’
R: 5’-CTACAGATTTGTCTTTGGTTTGGTA-3’ R: 5’-ATTGTGCCTTGGTTGCTCCG-3’
PcActin 7 No F:5’-CTCCCAGGGCTGTGTTTCCTA-3’
R: 5’-CTCCATGTCATCCCAGTTGCT-3’
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Fig. 1 The changes of glutathione reductase activities in
leaves of Pyrus calleryana after 2 mmol- L' CdCl;- 2.5H,O0

exposure at different time
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Fig. 2 The H;O. contents in leaves of Pyrus calleryana after
2 mmol- L' CdCl; 2.5H;0 exposure at different time
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Fig. 3 The amount of total glutathione (T-GSH, A), oxidized glutathione (GSSG, B) and reduced glutathione (GSH, C), in

leaves of Pyrus calleryana after 2 mmol- L' CdCl,-2.5H,O exposure at different time

Frém b 85 7 559 MR LR ; PecGReyt cDNA gt [X SR (E 4. FIFH MEME 345047 K I, PcGRchl
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PcGReyt 116 84 352 344 45 N 600 123 748 877 128 119 278 656 86
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102 153 333 97 921 98 533 93 333 222 101 569 213 96 78
1 cm=200bp
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The boxes represent exons, straight lines indicate introns and numbers mean nucleotide number, respectively.
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Fig. 4 The gene structures of glutathione reductase from Pyrus calleryana, Arabidopsis thaliana, and Oryza sativa
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(BAD27394).
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Fig. 5 The comparison of specific motifs of chloroplast and cytosolic types GR from different plants
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