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encoding an SBP
transcription factor confers
osmotic resistance in
transgenic Arabidopsis
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Heilongjiang Province, Agronomy College of Heilongjiang Bayi Agricultural University, Daqing,
Heilongjiang, China, 2Key Laboratory of Low Carbon Green Agriculture in Northeast Plain, Ministry of
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Among the major abiotic stresses, salt and drought have considerably affected

agricultural development globally by interfering with gene expression profiles

and cell metabolism. Transcription factors play crucial roles in activating or

inhibiting the expression of stress-related genes in response to abiotic stress in

plants. In this study, the Zea mays L. SQUAMOSA promoter-binding protein gene

(ZmSBP17) was identified, and the molecular regulatory mechanism of osmotic

stress tolerance was analyzed. Phylogenetic analysis confirmed that ZmSBP17 is

part of the SBP gene family and is closely related to OsSBP17. The ZmSBP17-GFP

fusion protein exhibited green fluorescence in the nucleus, as determined via

tobacco epidermal transient transformation system. Acting as a transcriptional

activator, the overexpression of ZmSBP17 in Arabidopsis significantly enhanced

the expression of genes encoding superoxide dismutases (CSD1/2, MSD1),

catalases (CAT1/2), ascorbate peroxidase 1 (APX1), and myeloblastosis

transcription factors (AtMYB53/65), which increased the activity of reactive

oxygen species (ROS)-scavenging enzymes and reduced ROS levels.

Additionally, the expression of abiotic stress-related genes, such as AtDREB2A

and AtNHX1, was significantly upregulated by ZmSBP17. Furthermore, ZmSBP17

specifically bound to cis-acting elements containing GTAC core sequences in

the promoters of stress-related genes, suggesting that ZmSBP17 regulates the

transcription of certain genes by recognizing these sequences. These results

indicate that the overexpression of ZmSBP17 in Arabidopsis thaliana significantly

increased tolerance to osmotic stress during the germination and seedling

stages, which may enhance our understanding of the biological functions of

SBPs in maize under abiotic stresses.
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1 Introduction

Salinization of soil increases ion toxicity, making it difficult for

roots to absorb water and nutrients, leading to physiological drought

and nutritional deficiencies (Zhao et al., 2020). Saline–alkali soil, an

important soil type, is widely distributed in over 100 countries. The

Songnen Plain in Northeast China is a key grain production area and

commodity grain base, and it is the primary region in China with

saline–alkali soil. Additionally, drought, particularly spring drought,

is a major abiotic stress prevalent in this region. Various abiotic

stresses, including salt, drought, and cold, can impose osmotic stress

on crops (Vinocur and Altman, 2005). Maize (Zea mays L.), a critical

global food crop, is used for human consumption, animal feed,

biofuel production, and other industrial purposes (Serna-Saldivar

and Carrillo, 2018). Therefore, to ensure national food security and

sustainable agricultural development, it is crucial to focus on the

molecular basis of maize’s response to osmotic stress.

Transcription factors (TFs) are crucial in regulating the abiotic

stress signal transduction pathway because they can activate or

inhibit the expression of stress-related genes by interacting with

their cis-elements (Agarwal et al., 2017). The SQUAMOSA

promoter-binding protein (SBP) family is one of the largest plant-

specific TF gene families. Members of this family contain a highly

conserved DNA-binding domain known as the SBP-box (Klein

et al., 1996), which consists of approximately 76 amino acid residues

forming two zinc finger motifs (C3H and C2HC) and a nuclear

localization signal (Yamasaki et al., 2013). SBP TFs have been

identified in many plants, including Arabidopsis thaliana (Cardon

et al., 1999), Brassica napus (Cheng et al., 2016), Petunia (Zhou

et al., 2018), and wheat (Li et al., 2020). These TFs are known to be

involved in regulating growth, development, and responses to

abiotic stress. For example, in A. thaliana, AtSPL3/8 influences

floral development, with its expression induced by prolonged

sunlight starting to increase before flowering (Unte et al., 2003;

Cardon et al., 1997). AtSPL10/11/12 redundantly controls the

proper development of lateral organs in relation to shoot

maturation during the reproductive phase (Shikata et al., 2009).

In rice, OsSPL10 negatively regulates salt tolerance but positively

affects trichome formation (Lan et al., 2019), whereas OsSPL3/12

positively regulates crown root formation (Shao et al., 2019).

Overexpression of VpSBP16 from grapes in A. thaliana

significantly increases root length and seed germination rate

under salt and drought stress (Hou et al., 2018). VpSBP5

contributes to resistance against Erysiphe necator by inducing

salicylic acid and methyl jasmonate signaling pathways (Hou

et al., 2013). Mao et al. (2016) provided a comprehensive

overview of SBP TFs in maize, noting that the expression of

certain SBP TFs increased significantly under abiotic stress.

However, the biological functions of SBPs in maize under abiotic

stresses remain unclear.

In this study, a novel SBP transcription factor gene, ZmSBP17,

was isolated from the inbred line Hei maize. Overexpression of

ZmSBP17 enhanced the plant’s tolerance to osmotic stress by

increasing the expression of abiotic stress-related genes. The core

GTAC sequence was found to be crucial for regulating gene

expression mediated by ZmSBP17. This study enhances our
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understanding of the roles of maize SBP TFs and the mechanisms

underlying plant tolerance to osmotic stress.
2 Materials and methods

2.1 Plant and osmotic stress treatments

Pre-germination treatments of maize seeds were performed and

growth conditions applied as described in our previous study (Sun et al.,

2018). Germinated seeds were sown in 20 × 22 cm plastic pots

containing 2.5 kg vermiculite. All pots were watered with a half-

strength Hoagland nutrient solution once daily. At the 3-leaf seedling

stage of maize, 24 pots were selected and randomly divided into two

equal sets. One set was used as a control by watering with a half-strength

Hoagland nutrient solution, and the other set was treated with 200

mmol/L NaCl or 10% polyethylene glycol (PEG6000) in half-strength

Hoagland nutrient solution. Leaves were harvested at 0, 2, 6, and 12 h

post-stress treatment for RNA extraction to detect the expression

pattern of ZmSBP17 under abiotic stress. Three biological samples

(three pots for one time in one set) were collected from each tissue.

A. thaliana Columbia ecotype was used in this study. Growth

conditions in soil and stress treatment methods were applied as

described by He et al., 2019, 2024. Four-week-old gene-

overexpressing Arabidopsis lines (OE) and wild-type (WT) plants

were treated with water (control) or 200 mmol/L NaCl and 10%

PEG6000 for 36 h. Then, leaves were collected to analyze the

expression levels of abiotic stress-related genes and determine the

activities of key reactive oxygen species (ROS)-scavenging enzymes.
2.2 Real-time quantitative RT-PCR analysis

Total RNA was extracted from the samples using the RNAiso

Reagent Kit (TaKaRa, Dalian, China). The FastQuant RT Kit

(TIANGEN, China) was used to synthesize the first-strand

cDNA, following the procedure outlined in our previous studies

(Sun et al., 2012; 2018). ZmActin1 (NM_001155179) was used as

the endogenous control to compare the expression level of

ZmSBP17. ACT8 (AT1G49240) was utilized as the internal

control to analyze the expression levels of abiotic stress-related

genes in Arabidopsis. All primers used for qRT-PCR assay are

listed in Supplementary File 1. A standard SYBR® Premix Ex

Taq™ kit (TaKaRa, Dalian, China), Bio-Rad CFX96 Real-Time

System (Bio-Rad, USA, Hercules, CA, USA), and CFX Manager

System software version 2.0 were utilized per the manufacturer’s

instructions. At the end of PCR, Ct values for each sample were

obtained to analyze the transcript levels of each gene using the

2−DDCt method (Livak and Schmittgen, 2001).
2.3 Gene isolation and sequence analysis
of ZmSBP17

Based on the sequence of ZmSBP17 available in the NCBI

(http://www.ncbi.nlm.nih.gov/Blast.cgi) and maize genome
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(www.plantgdb.org/ZmGDB/cgi-bin/blastGDB.pl) databases, gene-

specific primers for RT-PCR were designed using the NCBI primer

designer. The primer sequences are listed in Supplementary File 1.

Following the procedure outlined in our previous study (Sun et al.,

2012), the full-length coding sequence (CDS) of Hei ZmSBP17 was

isolated from the first-strand cDNA, cloned into the pMD18-T

cloning vector (TaKaRa, Dalian, China), and sequenced (BGI,

China) . NCBI ’s Conserved Domain database (http://

www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) was used to

analyze the sequences and identify the conserved regions.

Phylogenetic trees of ZmSBP17 and sequences from homologous

plants were then constructed using DNAMAN software.
2.4 Subcellular localization, trans-
activation, and DNA-binding assays
of ZmSBP17

The full-length CDS of ZmSBP17, lacking its termination codon,

was inserted into the pCAMBIA2300-GFP vector using a combination

of homologous recombination and restriction digestion (SacI and

XbaI). This construct was then used to transform the Escherichia coli

strain DH5a. Expression of ZmSBP17 was driven by a CaMV 35S

promoter. The primer sequences used for amplification are listed in

Supplementary File 1. The validated recombinant pCAMBIA2300-

ZmSBP17-GFP and pCAMBIA2300-GFP (control) vector were

transformed into EHA105 Agrobacterium competent cells for

injecting into 5-6 leaf old N. benthamiana leaves epidermal cells,

respectively, as previously reported (Chao et al., 2023). The

transformed tobacco plants were incubated at room temperature in

the dark for 12-16 h, and then imaged by laser scanning confocal

microscopy (Leica SP8) after cultured for 2-3 days at normal condition.

To detect the transcriptional activation of ZmSBP17, the full-

length and different truncated versions, which were amplified

(primers listed in Supplementary File 1) from the pMD18-T-

ZmSBP17 plasmid into the pGBKT7 vector. These constructs,

along with the pGBKT7 control vector, were used to transform

the yeast strain Y2HGold according to the manufacturer’s protocol

(Clontech, USA). The transformants were then cultured on SD/-

Trp and SD/-Trp/-His media for 3–5 days at 30°C.

For DNA-binding assays, the full-length ZmSBP17 CDS was

amplified and cloned into the pGAD7 vector. The sequences of the

SBP17-F4 and R4 primers, which contain NdeI and EcoRI sites, are

listed in Supplementary File 1. The 5X GTAC cis-elements and the

mutated GTACm version were inserted into the pHIS2 vector (Yu

et al., 2017) and used to co-transform the Y2HGold cells. The

transformants were streaked onto SD/-Trp and SD/-Trp/-His/-Ade

media and incubated for 3–5 days at 30°C.
2.5 Generation of transgenic Arabidopsis
plants overexpressing ZmSBP17

The pCAMBIA2300-ZmSBP17-GFP vector was introduced into

the Agrobacterium tumefaciens strain EHA105, which was then
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used to transform A. thaliana via the floral dip method (Clough and

Bent, 1998). Transgenic seeds (T0) were selected on MS inorganic

salts (Murashige and Skoog, 1962) medium supplemented with 50

mg·L−1 kanamycin. At the 7–8 leaf seedling stage, the lowest leaves

were used to identify PCR-positive plants using detection primers

(Supplementary File 1). Homozygous lines were selected on MS

medium containing 50 mg·L−1 kanamycin.
2.6 Osmotic treatment of transgenic
Arabidopsis plants and phenotype analysis

For osmotic stress seed germination assays, WT and T3

homozygous OE seeds were sterilized and vernalized at 4°C for 3

days. They were then sown on half-strength MS medium

supplemented with either 100 mM NaCl or 8% PEG.

Germination rates were assessed after 7 days. All germination

assays were performed in triplicate. To evaluate the sensitivity of

adult plants to osmotic stress, 4-week-old WT and OE plants were

irrigated with either 200 mM NaCl or 10% PEG at 3-day intervals

for 7 days and subsequently photographed.
2.7 Histochemical analysis under
osmotic treatment

For histochemical analysis, 4-week-old WT and OE plants were

treated with 200 mM NaCl or 10% PEG for 36 h. The entire plants

were then used for staining. DAB and NBT staining were performed

as described by Zhang et al. (2011) with slight modifications.
2.8 Measurements of enzyme activity in
transgenic Arabidopsis

For detecting the activity of ROS-scavenging enzymes, 4-week-

old WT and OE plants were irrigated with 200 mM NaCl or 10%

PEG for 36 h, and then rosette leaves were collected. The activities

of peroxidase (POD), superoxide dismutase (SOD), and catalase

(CAT) were measured as described byWang et al. (2019). Ascorbate

peroxidase (APX) was extracted as described by Erinle et al. (2018)

with slight modifications.
3 Results

3.1 Analysis of ZmSBP17

Following the expression analysis of SBPs under salt stress by

qRT-PCR in our previous study, a putative salt stress-related SBP

from the Hei maize inbred line was isolated and named ZmSBP17

(GenBank accession no. NM_001308478) according to blastp

results (Supplementary File 2). The open reading frame of

ZmSBP17 is 1137 bp long, encoding a 379 amino acid

polypeptide. Amino acid sequence alignment and phylogenetic
frontiersin.org
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analysis of ZmSBP17 homologs are shown in Figure 1. The average

identity homology of ZmSBP17 with those in rice and Arabidopsis

was 12.9%. Multiple sequence alignment by DNAMAN revealed it

to have C2HC and C3H domains at the N terminus (Supplementary

File 3). Phylogenetic analysis showed that ZmSBP17 was relatively

close to OsSBP17, but ZmSBP17 was less identical to homologs

other than OsSBP17, which suggested that ZmSBP17 markedly

differs from other members. Analysis of the upstream 2000 bp

promoter region of ZmSBP17 revealed the presence of multiple

elements related to abiotic stress, including abscisic acid response

element (ABRE), antioxidant response element (ARE), long

terminal repeat (LTR), and MYB-binding sites (MBS)

(Supplementary File 4).
3.2 ZmSBP17 expression and
protein localization

The expression pattern of ZmSBP17 under abiotic stress was

investigated by subjecting the three-leaf stage maize seedlings to

the indicated treatment. ZmSBP17 expression increased

significantly and reached a peak at 12 and 2 h under salt and

PEG stresses, respectively, indicating that it may participate in the

osmotic stress responses in maize (Figure 2A; Supplementary

File 5).

The subcellular localization of ZmSBP17 constructed

transient expression vector pCAMBIA2300-ZmSBP17-GFP

(Supplementary File 2) and pCAMBIA2300- GFP vectors were

transformed into the tobacco epidermal cells. The green

fluorescence signals of expressing GFP gene was monitored by

a confocal laser scanning microscope. As shown in Figure 2B, the

pCAMBIA2300-ZmSBP17-GFP fusion protein was specifically

detected in the nucleus compare to the control distributed

throughout the cell.
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3.3 Transcriptional activity assay
of ZmSBP17

The full-length ZmSBP17 was fused to the GAL4 (GAL4-BD)

binding domain of pGBKT7 to confirm if ZmSBP17 has transcription

activation ability. The constructed pGBKT7-ZmSBP17 vector is shown

in Supplementary File 3. A comparison of the growth phenotype of the

pGBKT7-ZmSBP17 and pGBKT7 recombinant yeast revealed that

they can survive on SD/-Trp selective medium with the same colony

size, indicating the successful transfer of each vector into the Y2H cells.

However, only those containing the pGBKT7-ZmSBP17 vector grew

normally on SD/-Trp-His selective medium, suggesting that ZmSBP17

was able to activate theHIS reporter gene for survival. Thus, ZmSBP17

acts as a transcriptional activator in yeast (Figure 3).

Protein sequence analysis revealed that the SBP superfamily

domains are present in the ZmSBP17 protein (from 64 to 138 amino

acid residues). To determine which domain in ZmSBP17 was the

transcriptional activator, four deletion fragments were inserted into

pGBKT7 and used to transform Y2H cells. All transformants grew

well on the SD/-Trp medium. Contrary to those carrying the N-64

and N-138 fragments, the yeast cells carrying the C-64 fragment of

ZmSBP17 could not grow on the selection medium. Meanwhile,

yeast cells carrying the N-138 SBP domain fragment (amino acids

64–138) grew better than those carrying the N-64 fragment on the

selection medium. These results indicate that the SBP domain

enhanced the transcription activation ability of ZmSBP17, and the

1–64 amino acid fragment was crucial for this ability.
3.4 ZmSBP17 positively regulates osmotic
responses in plants

pCAMBIA2300-ZmSBP17 was used to transform the WT A.

thaliana Columbia-0 plants to characterize whether ZmSBP17 is
FIGURE 1

Multiple alignments and phylogenetic relationships of ZmSBP17 with orthologs in rice and Arabidopsis. (A) Multiple alignments of ZmSBP17 with
homologous proteins in rice and Arabidopsis. Different background colors display similar acid sequences. Red boxes indicate conserved C3H and
C2H2 zinc finger motifs, respectively. (B) Phylogenetic relationships of ZmSBP17 with orthologs in rice and Arabidopsis.
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associated with the osmotic stress response. The transgenic plants were

screened on kanamycin and identified by PCR (Supplementary

Figure 4). The T3 plants were used for further analysis. No

significant differences in seed germination rate were observed

between transgenic and WT plants on MS medium. However, in the

presence of 100 mM NaCl and 8% PEG, an obvious reduction in
Frontiers in Plant Science 05
germination rate was detected in both transgenic and WT seeds but

was significantly higher in the transgenic than WT seeds (Figures 4A,

B; Supplementary File 6).

For further functional analysis of ZmSBP17, the adult stage

ZmSBP17-OE lines were examined in soil. Under normal

conditions, no significant phenotypic variations between the OE
FIGURE 3

Analysis of the transcriptional activation capacity of the full-length or partially deleted ZmSBP17 in yeast. Numbers indicate amino acid positions.
Transformants carrying the empty pGBKT7 plasmid were used as a negative control. Transformants were examined on SD/-Trp (growth control) and SD/-
Trp/-His media.
FIGURE 2

ZmSBP17 expression and subcellular localization. (A) Expression patterns of ZmSBP17 under different treatments. Expression pattern of ZmSBP17 in leaves.
Relative expression levels were normalized to 1 in Hei plants without stress (0 h). Values are presented as mean (± SD) of three biological replicates. * and
**** significantly higher values in treatment samples than in control plants (0 h) at p ≤ 0.05 and p ≤ 0.0001 as determined using Student’s t-test, respectively.
(B) Subcellular localization of ZmSBP17 in the tobacco epidermal cells. GFP, green fluorescence protein images; DAPI, 4’, 6-diamidino-2-phenylindole (DAPI)
stained images; DIC, brightfield images; Merged, merged brightfield and GFP images. Scale bar = 10 mm.
frontiersin.org
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lines and WT were observed. However, post-treatment with 200

mM NaCl and 10% PEG for 36 h, the stems and leaves of the WT

showed obvious wilting, with some leaves turning yellow and

drying. However, the wilting of transgenic A. thaliana was

significantly less severe than that of the WT under PEG stress.

The stems and leaves of the transgenic plants remained relatively

upright, and leaf yellowing was also less pronounced compared with

the WT. However, under salt stress, there was no apparent

difference between the WT and transgenic plants (Figure 4C).

These results indicate that ZmSBP17 may improve the tolerance

of Arabidopsis seeds at various stages to PEG.
3.5 ZmSBP17 positively regulates ROS-
scavenging systems under osmotic stress

The levels of H2O2 and O2
¯ that are key ROS species were detected

in ZmSBP17 OE line and WT plants using DAB and NBT staining,

respectively to investigate whether ZmSBP17 is associated with the

regulation of ROS scavenging under osmotic stress. After treatment

with 200 mMNaCl and 10% PEG, the staining in the leaf tissues of the

WT and OE lines increased significantly. However, the DAB staining

was deeper in theWT than in the OE lines, and there was no significant

difference in NBT intensity between the WT and OE lines under PEG

stress. Under salt stress, the DAB and NBT staining was deeper in the

WT than in the OE line (Figures 5A, B). Moreover, the activities of key

ROS-scavenging enzymes POD, SOD, CAT, and APX were assessed in

the OE andWT plants at 0 and 36 h after osmotic treatment. As shown
Frontiers in Plant Science 06
in Figure 5C, the activities of all four increased significantly in the OE

line compared to WT plants after stress treatment (Supplementary

File 6). These results indicate that ZmSBP17 might play a role in

modulating the ROS-scavenging system by increasing the activities of

protective enzymes under osmotic stress.
3.6 ZmSBP17 positively regulates osmotic
stress-related gene expression in
transgenic plants

The expression levels of the abiotic stress-responsive genes—

CSD1, AT1G08830.1; CSD2, AT2G28190.1; MSD1, AT3G10920.1;

CAT1, AT1G20630.1; CAT2, AT4G35090.1; APX1, AT1G07890.3;

DREB2A, AT5G05410; NHX2, AAT3G05030; MYB65, AT3G1140;

and MYB53, AT5G65230—were analyzed in WT and transgenic

plants by real-time qRT-PCR to better understand the mechanistic

basis of the improved osmotic stress tolerance exhibited by the

ZmSBP17-transgenic plants. As shown in Figure 6, the expression

levels of 10 genes increased significantly in transgenic plants

compared to WT under salt or PEG stresses. For example, the

expression levels of the genes encoding the ROS-scavenging

enzymes, SODs (CSD1/2 and MSD1) and CATs (CAT1/2), were

significantly elevated in the ZmSBP17-OE lines than that in the WT

under PEG stress, while the expression levels of CAT1 and APX1

were significantly higher under salt stress. Moreover, the expression

level of the drought-related gene (DREB2A) was significantly more

than in WT under PEG stress. The expression levels of the Na+ or
FIGURE 4

ZmSBP17 positively regulates osmotic stress response. (A) Germination assay. Seeds of the OE and WT plants were cultivated for 7 days on a half-
strength MS medium supplemented with 100 mM NaCl and 5% PEG. (B) Statistical analysis of the germination rates; 72 seeds were used for each
experiment. **P < 0.01 as determined by Student’s t-test. ns, no significance. (C) Phenotypic assay of soil-grown plants; 4-week-old OE and WT
plants were treated with 200 mM NaCl and 10% PEG for 7 days.
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FIGURE 5

Detection of ROS accumulation and scavenging capability. (A, B) Analysis of H2O2 and O2
- accumulation using DAB and NBT staining, respectively.

(C) Measurement of POD, SOD, CAT, and APX activities. Values are presented as the mean (± SD) of three biological replicates. Upper or lower
whiskers delineate maximum and minimum values, respectively. *P < 0.05 as determined by Student’s t-test. ns, no significance.
FIGURE 6

Relative expression levels of abiotic stress-responsive genes in OE and WT plants under salt and PEG stress. Expression of each gene in the WT was
set to 1. Values are presented as the mean (± SD) of three biological replicates. *, ** and *** indicate significantly higher values in the treatment
samples than in the WT at p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001, respectively, determined using the Student’s t-test. ns, no significance.
Frontiers in Plant Science frontiersin.org07
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K+ transport-related gene (NHX1) were not only significantly lower

in the WT than in transgenic plants under normal conditions but

also significantly lower in the WT than in the transgenic plants after

salt stress to maintain Na+ and K+ balance. Additionally, the

expression level of the MYB TF family genes (MYB53/65) in the

OE andWT plants was assessed. The expression level ofMYB65 was

significantly higher in the transgenic plants than in WT after PEG

stress, while that of MYB53 was significantly enhanced in the

transgenic plants than that in the WT after salt and PEG stress.

These results indicate that the overexpression of ZmSBP17 may

aid in improving osmotic stress tolerance in plants by elevating the

expression of ROS-scavenging enzymes encoding, drought-related,

Na+ or K+ transport-related, and MYB TF family genes.
3.7 ZmSBP17 binds to the GTAC ([G/T] [A/
G/T]) core sequence

SBP TFs could bind to the GTAC-box ([C][C]GTAC[A/G]) cis-

elements. Therefore, ZmSBP17 was cloned into pGADT7 while the

GTAC core sequence and mutated elements were repeated five times

and cloned separately into pHIS2. Growth assays revealed that the yeast

co-transformed with GTAC and ZmSBP17 can grow better on the

selection medium, while those containing the GTACm sequence

displayed the same growth as the negative control pHis2 (Figure 7B).

These results indicate that the core GTAC-box sequence is crucial for

the ZmSBP17 protein to recognize its target genes.

The promoters (from −1500 to −1) of 10 putative target genes that

were significantly upregulated by ZmSBP17 were analyzed to

investigate the distribution of the core GTAC-box sequences. The

promoters of all putative target genes contained more than four GTAC

boxes. The schematic diagrams of the promoters of these genes are

shown in Supplementary File 7. The GTAC-box may be essential for

ZmSBP17 to regulate its target genes.
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The direct binding of ZmSBP17 to the promoters of the putative

target genes containing GTAC-box core sites was verified. The

promoter fragments of NHX2 and DREB2A containing the core

GTAC-box sequences were isolated through genomic PCR and

inserted into pHIS2 in yeast to identify the binding affinity to

ZmSBP17 on the selection medium. The results show that all co-

transformants exhibited binding affinity on the selection medium

(Figure 7B), indicating that ZmSBP17 can directly interact with the

NHX1 and DREB2A promoter fragments containing the core GTAC-

box sequences.
4 Discussion

TFs can act as activators or repressors to regulate the expression

of various downstream genes, thereby enhancing stress tolerance in

plants (He et al., 2019; Sun et al., 2022). The SBP-box gene family, a

group of plant-specific TFs, plays a significant role in the growth

and development of many plants (Shao et al., 2019; Tong et al.,

2020; Li et al., 2021). However, the activation mechanism of SBP-

box genes related to abiotic stress in maize remains unexplored. In

this study, an SBP TF, ZmSBP17, was isolated from maize based on

the salt stress transcriptome database (Supplementary File 2). The

SBP domains of ZmSBP17 were found to be highly similar, with a

conserved sequence at specific positions, a nuclear localization

signal, and two zinc finger domains (Klein et al., 1996; Yamasaki

et al., 2006). This study confirmed that ZmSBP17 contains two zinc

finger domains, similar to those in other plants (Figure 1).

Additionally, it was demonstrated that ZmSBP17 possesses

transcriptional activation ability, with the N-terminal region

exhibiting stronger activity than the C-terminal region (Figure 3).

Moreover, the expression of ZmSBP17was significantly induced by

salt and PEG stress during the seedling stage of maize (Figure 2A). This

induction may be attributed to the presence of cis-elements such as
FIGURE 7

ZmSBP17 binds to GTAC core sequences and the promoters of target genes. (A) Sequences of the WT and mutated GTAC cis-elements; (B) Yeast
one-hybrid assays displaying the binding ability of ZmSBP17 to the GTAC cis-element in the promoters of the target genes; yeast co-transformants
with the effector vector and each reporter were analyzed by culturing serial dilutions (10−1, 10−2, 10−3, and 10−4) on a selection medium containing
3-AT. p53His2/pGADT7-p53: positive controls, pHis2/pGADT7-ZmSBP17: negative controls.
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ABRE, ARE, LTR, and MBS in the ZmSBP17 promoter, which are

associated with abiotic stress responses. In Arabidopsis, MBS cis-

elements in the gene promoter are involved in responses to drought,

salt, and low-temperature stress (Yao et al., 2022; Li et al., 2023).

Similarly, the ABRE element in the Arabidopsis RD29A promoter

plays a crucial role in abiotic stress responses by driving and

regulating the expression of stress-related TFs AREB1 and AREB2

(Bihmidine et al., 2013). Therefore, this study focuses on elucidating the

molecular mechanism of ZmSBP17 in response to drought and

salt stress.

Numerous studies have shown that abiotic stress can lead to

excessive accumulation of ROS in plant cells, resulting in cellular
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oxidative stress. This condition can limit growth, development, and

metabolism, ultimately leading to cell death (Singh et al., 2018).

However, plants have evolved complex defense mechanisms to

counteract stress-induced damage, including antioxidant enzyme

systems such as SOD, POD, CAT, and APX (Gelaw and Sanan-

Mishra, 2024; Kiratli et al., 2024). For instance, overexpression of

SbNAC2 from Sorghum in Arabidopsis and rice enhances

antioxidant enzyme activities and induces stress-responsive

genes, thereby improving tolerance to abiotic stress (Jin et al.,

2021). Similarly, overexpression of NtWRKY65 in tobacco plants

increases salinity tolerance by elevating antioxidant enzyme

activities compared with WT plants (Zhang et al., 2024). In this
FIGURE 8

Working model of ZmSBP17 under osmotic stress. Salt or PEG stress induces the expression of ZmSBP17. Activated ZmSBP17 enhances stress-
associated genes expression by binding to GTAC core sequences, which results in increasing ROS scavenging capability, induced stress-related
genes expression, and increased endurance to osmotic stress. These physiological changes finally enhanced the tolerance of ZmSBP17 transgenic
plants to osmotic stress.
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study, under salt and PEG stress, overexpression of ZmSBP17 in

Arabidopsis significantly improved the germination rate compared

with the WT (Figure 4). At the seedling stage, the activities of

SOD, POD, CAT, and APX in transgenic Arabidopsis plants

were all significantly higher than those observed in WT

plants (Figure 5).

TFs regulate gene expressionbybinding to cis-acting elements in the

promotersofabiotic stress-relatedgenes.For instance, SPL1,SPL3,SPL7,

andSPL8 inArabidopsis canbind to theAP1andFULpromoters,which

contain the GTAC core sequence (Cardon et al., 1997; Birkenbihl et al.,

2005;Kropat et al., 2005; Shikataet al., 2009).Ourstudyalsorevealed that

ZmSBP17 specifically binds to the GTAC core sequence (Figure 7),

suggesting that SBPs from different species can recognize similar core

sequences to regulate biological functions. Additionally, we discovered

that SBP-specific GTAC core sequences are widely present in the

promoters of stress-related genes, including FSD3, CBF3, DREB1A/19,

NHX1/2/6, and MYB53/65/99 (Supplementary File 7). Notably,

DREB2A, NHX2, and MYB53/65 were significantly upregulated in

ZmSBP17-OE plants under osmotic stress (Figure 6). DREB2A

regulates abiotic stress responses by activating downstream genes

(Agarwal et al., 2010; Sato et al., 2014; Chen et al., 2016). NHX2, a

vacuolar Na+/H+ antiporter, enhances tolerance to drought and salt

stressesbyreducingNa+content in leaves, showing improvedroothealth

under salt stress, and retainingmore water during drought (Wang et al.,

2016). High expression of NHX1 in Arabidopsis can enhance salt

tolerance in saline–alkaline environments (Pérez-Martıń et al., 2022;

Eduardo et al., 2007). Additionally, several MYB family members, such

as AtMYB41, AtMYB44, AtMYB88, and AtMYB102, positively

contribute to Arabidopsis’s response to abiotic stress (Denekamp and

Smeekens, 2003; Cominelli et al., 2008; Jung et al., 2008; Xie et al., 2010).

Transgenic Arabidopsis and potato plants overexpressing a mutated

version of MYB33/65/101 with altered miR159 recognition sites

displayed hypersensitivity to ABA and relatively high tolerance to

drought (Xue et al., 2017). Collectively, these results indicate that the

overexpression of ZmSBP17 inArabidopsismay enhance osmotic stress

tolerance by upregulating stress-responsive genes, supportingZmSBP17

as a positive regulator. However, further investigations are needed to

identify the cis-elements and downstream genes targeted by ZmSBP17

in maize.
5 Conclusion

In conclusion, we demonstrated that the expression of ZmSBP17 in

the inbred line Hei maize was induced by salt and PEG stress.

ZmSBP17 was confirmed to be a transcriptional activator and was

able to bind to the GTAC core sequences to downregulate target genes.

Overexpression of ZmSBP17 in Arabidopsis significantly increased

tolerance to osmotic stress during the germination and seedling

stages. This enhanced tolerance to abiotic stress was likely caused by

a decrease in ROS levels through improved ROS clearance ability.

Another possible factor may be the altered expression of a series of

stress-related genes in ZmSBP17-OE plants (Figure 8). These strategies

may collectively provide a more robust defense against osmotic stress.
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Pérez-Martıń, L., Busoms, S., Almira, M. J., Azagury, N., Terés, J., Tolrà, R., et al.
(2022). Evolution of salt tolerance in Arabidopsis thaliana on siliceous soils does not
confer tolerance to saline calcareous soils. Plant Soil 476, 455–475. doi: 10.1007/s11104-
022-05439-9

Sato, H., Mizoi, J., Tanaka, H., Maruyama, K., Qin, F., Osakabe, Y., et al. (2014).
Arabidopsis DPB3-1, a DREB2A interactor, specifically enhances heat stress-induced
gene expression by forming a heat stress-specific transcriptional complex with NF-Y
subunits. Plant Cell 26, 4954–4973. doi: 10.1105/tpc.114.132928

Serna-Saldivar, S. O., and Carrillo, E. P. (2018). Food uses of whole corn and dry-
milled fractions. In Corn: Chemistry and technology, 3rd Edition, Elsevier pp. 435–467.
doi: 10.1016/B978-0-12-811971-6.00016-4

Shao, Y., Zhou, H. Z., Wu, Y., Zhang, H., Lin, J., Jiang, X., et al. (2019). OsSPL3, an
SBP-domain protein, regulates crown root development in rice. Plant Cell 31, 1257–
1275. doi: 10.1105/tpc.19.00038

Shikata, M., Koyama, T., Mitsuda, N., and Ohme-Takagi, M. (2009). Arabidopsis
SBP-box genes SPL10, SPL11 and SPL2 control morphological change in association
with shoot maturation in the reproductive phase. Plant Cell Physiol. 50, 2133–2145.
doi: 10.1093/pcp/pcp148

Singh, S., Kumar, V., Chauhan, A., Datta, S., Wani, A. B., Singh, N., et al. (2018).
Toxicity, degradation and analysis of the herbicide atrazine. Environ. Chem. Lett. 16,
211–237. doi: 10.1007/s10311-017-0665-8

Sun, L. F., Miao, X. F., Cui, J., Deng, J., Wang, X., Wang, Y. F., et al. (2018). Genome-
wide high-resolution mapping of DNA methylation identifies epigenetic variation
across different salt stress in maize (Zea mays L.). Euphytica 214, 1–15. doi: 10.1007/
s10681-017-2076-0

Sun, M., Shen, Y., Chen, Y. , et al. (2022). Osa-miR1320 targets the ERF transcription
factor OsERF096 to regulate cold tolerance via JA-mediated signaling. Plant Physiol.
189, 2500–2516. doi: 10.1093/plphys/kiac208

Sun, L. F., Wu., Y., Su, S. Z., Liu, H. K., Yang, G., Li, S. P., et al. (2012). Differential
gene expression of maize (Zea mays L.) inbred line H99 during somatic embryogenesis.
Plant Cell Tissue Organ. Cult. 109, 271–286. doi: 10.1007/s11240-011-0093-6

Tong, T., Fang, Y., and Zhang, X. X. D. (2020). Genome-wide identification,
phylogenetic and expression analysis of SBP-box gene family in barley (Hordeum
vulgare L.). Plant Growth Regul. 90, 137–149. doi: 10.1007/s10725-019-00559-2

Unte, U. S., Sorensen, A.-M., Pesaresi, P., Gandikota, M., Leister, D., Saedler, H., et al.
(2003). SPL8, an SBP-box gene that affects pollen sac development in arabidopsis. Plant
Cell 15, 1009–1019. doi: 10.1105/tpc.010678
Frontiers in Plant Science 12
Vinocur, B., and Altman, A. (2005). Recent advances in engineering plant tolerance
to abiotic stress: Achievement and limitations. Current Opinion in Biotechnology 16,
123–132. doi: 10.1016/j.copbio.2005.02.001

Wang, B., Zhai, H., He, S., Zhang, H., Ren, Z., Zhang, D., et al (2016). A vacuolar
Na+/H+ antiporter gene, IbNHX2, enhances salt and drought tolerance in transgenic
sweetpotato. Scientia Horticulturae 201, 153–166. doi: 10.1016/j.scienta.2016.01.027

Wang, X., Liu, H., Yu, F., Hu, B., Jia, Y., Sha, H., et al (2019). Differential activity of
the antioxidant defence system and alterations in the accumulation of osmolyte and
reactive oxygen species under drought stress and recovery in rice (Oryza sativa L.)
tillering. Scientific Reports 9, 8543. doi: 10.1038/s41598-019-44958-x

Xie, Z., Li, D., Wang, L., Sack, F. D., and Grotewold, E. (2010). Role of the stomatal
development regulators FLP/MYB88 in abiotic stress responses. Plant J. 64, 731–739.
doi: 10.1111/j.1365-313X.2010.04364.x

Xue, T., Liu, Z., Dai, X., and Xiang, F. (2017). Primary root growth in Arabidopsis
thaliana is inhibited by the miR159 mediated repression of MYB33, MYB65 and
MYB101. Plant Sci. 262, 182–189. doi: 10.1016/j.plantsci.2017.06.008

Yamasaki, K., Kigawa, T., Inoue, M., Yamasaki, T., Yabuki, T., Aoki, M., et al. (2006).
An Arabidopsis SBP-domain fragment with a disrupted C-terminal zinc-binding site
retains its tertiary structure. FEBS Lett. 580, 2109–2116. doi: 10.1016/j.febslet.2006.03.014

Yamasaki, K., Kigawa, T., Seki, M., Shinozaki, K., and Yokoyama, S. (2013). DNA-
binding domains of plant-specific transcription factors: structure, function, and
evolution. Trends Plant Sci. 18, 267–276. doi: 10.1016/j.tplants.2012.09.001

Yao, C., Li, W., Liang, X., Ren, C., Liu, W., Yang, G., et al. (2022). Molecular cloning
and characterization of MbMYB108, a Malus baccata MYB transcription factor gene,
with functions in tolerance to cold and drought stress in transgenic Arabidopsis
thaliana. Int. J. Mol. Sci. 23, 4846. doi: 10.3390/ijms23094846

Yu, Y., Duan, X., Ding, X., Chen, C., Zhu, D., Yin, K., et al. (2017). A novel AP2/ERF
family transcription factor from Glycine soja, GsERF71, is a DNA binding protein that
positively regulates alkaline stress tolerance in Arabidopsis. Plant Mol. Biol. 94, 509–
530. doi: 10.1007/s11103-017-0623-7

Zhang, X., Wang, L., Meng, H., Wen, H., Fan, Y., and Zhao, J. (2011). Maize ABP9
enhances tolerance to multiple stresses in transgenic Arabidopsis by modulating ABA
signaling and cellular levels of reactive oxygen species. Plant Mol. Biol. 75, 365–378.
doi: 10.1007/s11103-011-9732-x

Zhang, X., Zhang, Y., Li, M., Jia, H., Wei, F., Xia, Z., et al. (2024). Overexpression of
the WRKY transcription factor gene NtWRKY65 enhances salt tolerance in tobacco
(Nicotiana tabacum). BMC Plant Biol. 24, 326. doi: 10.1186/s12870-024-04966-0

Zhao, C., Zhang, H., Song, C., Zhu, J. K., and Shabala, S. (2020). Mechanisms of
Plant Responses and Adaptation to Soil Salinity. Innovation (Camb) 24, 100017.
doi: 10.1016/j.xinn.2020.100017

Zhou, Q., Zhang, S., Chen, F., Liu, B., Wu, L., Li, F., et al. (2018). Genome-wide
identification and characterization of the SBP-box gene family in Petunia. BMC
Genomics 19, 193. doi: 10.1186/s12864-018-4537-9
frontiersin.org

https://doi.org/10.1016/j.plgene.2016.03.003
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1007/s11104-022-05439-9
https://doi.org/10.1007/s11104-022-05439-9
https://doi.org/10.1105/tpc.114.132928
https://doi.org/10.1016/B978-0-12-811971-6.00016-4
https://doi.org/10.1105/tpc.19.00038
https://doi.org/10.1093/pcp/pcp148
https://doi.org/10.1007/s10311-017-0665-8
https://doi.org/10.1007/s10681-017-2076-0
https://doi.org/10.1007/s10681-017-2076-0
https://doi.org/10.1093/plphys/kiac208
https://doi.org/10.1007/s11240-011-0093-6
https://doi.org/10.1007/s10725-019-00559-2
https://doi.org/10.1105/tpc.010678
https://doi.org/10.1016/j.copbio.2005.02.001
https://doi.org/10.1016/j.scienta.2016.01.027
https://doi.org/10.1038/s41598-019-44958-x
https://doi.org/10.1111/j.1365-313X.2010.04364.x
https://doi.org/10.1016/j.plantsci.2017.06.008
https://doi.org/10.1016/j.febslet.2006.03.014
https://doi.org/10.1016/j.tplants.2012.09.001
https://doi.org/10.3390/ijms23094846
https://doi.org/10.1007/s11103-017-0623-7
https://doi.org/10.1007/s11103-011-9732-x
https://doi.org/10.1186/s12870-024-04966-0
https://doi.org/10.1016/j.xinn.2020.100017
https://doi.org/10.1186/s12864-018-4537-9
https://doi.org/10.3389/fpls.2024.1483486
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	The maize gene ZmSBP17 encoding an SBP transcription factor confers osmotic resistance in transgenic Arabidopsis
	1 Introduction
	2 Materials and methods
	2.1 Plant and osmotic stress treatments
	2.2 Real-time quantitative RT-PCR analysis
	2.3 Gene isolation and sequence analysis of ZmSBP17
	2.4 Subcellular localization, trans-activation, and DNA-binding assays of ZmSBP17
	2.5 Generation of transgenic Arabidopsis plants overexpressing ZmSBP17
	2.6 Osmotic treatment of transgenic Arabidopsis plants and phenotype analysis
	2.7 Histochemical analysis under osmotic treatment
	2.8 Measurements of enzyme activity in transgenic Arabidopsis

	3 Results
	3.1 Analysis of ZmSBP17
	3.2 ZmSBP17 expression and protein localization
	3.3 Transcriptional activity assay of ZmSBP17
	3.4 ZmSBP17 positively regulates osmotic responses in plants
	3.5 ZmSBP17 positively regulates ROS-scavenging systems under osmotic stress
	3.6 ZmSBP17 positively regulates osmotic stress-related gene expression in transgenic plants
	3.7 ZmSBP17 binds to the GTAC ([G/T] [A/G/T]) core sequence

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


