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Abstract The Arabidopsis AtAHL gene encodes a 3'(2'),5'-

bisphosphate nucleotidase that catalyzes the conversion of

adenosine 3',5'-bisphosphate (PAP) into adenosine monophosphate

and inorganic phosphate. We have generated transgenic Arabidopsis

overexpressing this gene under control of the cauliflower mosaic

virus 35S (CaMV 35S) promoter. Transgenic lines integrating a

single copy of the insert DNA and constitutively expressing the

AtAHL gene were selected. The transgenic lines of Arabidopsis

plants exhibited enhanced resistance to Pectobacterium carotovorum

subsp. carotovorum. In general, plant defense responses and sulfur

metabolism are linked through jasmonic acid signaling. The

expression of sulfur-related defense genes is known to be induced

via a jasmonate-mediated signaling pathway. In this work, we

observed that the expression of AtAHL was also induced by

jasmonate treatment in Arabidopsis. Our data suggest that PAP

catabolic activity enhanced by the jasmonate signaling pathway

contributes to the rapid flux of the sulfur activation pathway,

accelerates the incorporation of activated sulfur into sulfur-

containing defense molecules such as defensins, thionins, and

glucosinolates, and thereby increases defense resistance in plants.

Keywords Arabidopsis · AtAHL · 3'(2'),5'-bisphosphate 
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Introduction

Sulfur is an essential element in living organisms. In particular, the

sulfur-containing amino acids, cysteine and methionine, are found

in almost all cellular proteins as building units (Leyh, 1993;

Droux, 2004). Moreover, sulfur exerts critical roles in defense

mechanisms in plants. Elemental sulfur has been used as a

fungicide for more than 100 years (Cooper and Williams, 2004),

and many sulfur-containing compounds, including defensins,

thionins, and glucosinolates, have been linked to plant defense

mechanisms against a broad spectrum of pathogens (Rausch and

Wachter, 2005; Kruse et al., 2007).

To utilize sulfur in the inorganic state (sulfate), it must be

converted to a reduced form (sulfide). In plants, sulfate is activated

via coupling with ATP to form adenosine 5'-phosphosulfate (APS)

by ATP sulfurylase, and reduced to sulfite by APS reductase

(Kopriva and Koprivova, 2004; Kopriva, 2006; Takahashi et al.,

2011). In a separate branch of the pathway, APS kinase

phosphorylates APS to 3'-phosphoadenosine 5'-phosphosulfate

(PAPS). PAPS is reduced by PAPS reductase to sulfite, which is

further reduced to sulfide by sulfide reductase. A putative PAPS

reductase was discovered in moss as a novel form of APS reductase

without an iron-sulfur cluster (Kopriva et al., 2002; 2007).
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Together with APS, PAPS serves as the source of a variety of

sulfate transfer reactions (Klaassen and Boles, 1997). In particular,

PAPS is required for the biosynthesis of glucosinolates, a group of

defense compounds (Rausch and Wachter, 2005; Falk et al.,

2007). Glucosinolates have a sulfonated oxime, a thioglucose

moiety, and a side chain derived from aliphatic and aromatic

amino acids; their metabolites in plant cells mediate resistance to

microbial pathogens (Halkier and Gershenzon, 2006; Sønderby et

al., 2010).

In the sulfur transfer reactions utilizing PAPS, 3'-phospho-

adenosine 5'-phosphate (PAP) is generated as a by-product. The

PAP is then hydrolyzed to AMP and inorganic phosphate by a

PAP-specific phosphatase, 3'(2'),5'-bisphosphate nucleotidase. The

proteins encoded by yeast HAL2 (Murguía et al., 1996), Arabidopsis

SAL1 (Quintero et al., 1996) and Arabidopsis AtAHL (Cheong and

Kwon, 1999; Gil-Mascarell et al., 1999) have such PAP nucleotidase

activity. These enzymes may contribute to a rapid sulfur flux

through the sulfate activation pathway by accelerating the PAPS-

utilizing reactions. Supporting this postulation, inhibition of the

yeast HAL2 enzyme by Li+ or Na+ treatment raises the

intracellular concentrations of PAP and PAPS, resulting in

inhibition of sulfate assimilation (Murguía et al., 1996).

Attempts have been made to generate transgenic plants with

enhanced formation of sulfur-containing compounds and thereby

enhancing defense responses in plants. However, direct reinforcement

of the sulfate activation pathway may be harmful to plants,

because PAP is toxic to cells when accumulated at high

concentrations (Yang et al., 1994; Peng and Verma, 1995; Dichtl

et al., 1997; Klaassen and Boles, 1997).

In the present study, we generated transgenic Arabidopsis that

overexpressed the AtAHL gene, and observed that the transgenic

plants exhibited enhanced resistance to the non-specific bacterial

soft-rot pathogen Pectobacterium carotovorum subsp. carotovorum

(formerly Erwinia carotovora subsp. carotovora). The PAP

nucleotidase activity exerted by the AtAHL enzyme could

increase the rate of sulfur flux in the sulfate activation pathway,

and accelerate the detoxification of PAP accumulated in the

infected cells of the transgenic Arabidopsis. In addition, we

observed that the AtAHL gene was induced by jasmonate, likely

similar to other genes involved in the sulfate activation pathway.

Materials and Methods

Growth conditions of Arabidopsis. The Arabidopsis thaliana

Columbia (Col-0) ecotype was used throughout the experiments.

Seeds of Arabidopsis were stored at 4oC until use. The seed

surface was sterilized by soaking in 70% (v/v) ethanol for 15 min

and in 100% ethanol for 5 min. The seeds were put on an

autoclaved filter paper and dried in a laminar flow clean bench.

After sowing on solid half-strength Murashige and Skoog (MS)

agar medium (Duchefa, Netherlands), seeds were vernalized at

4oC for 4 days. Then the plates were incubated in a growth

chamber, keeping the conditions of 60% relative humidity at 22oC

under a 16-h photoperiod at 500 mol m–2 · s–1 photon flux density.

After 2 weeks of incubation, seedlings were transferred to soil and

grown for 3 weeks under the same conditions as in the growth

chamber.

For jasmonate treatment, 10 mL methyl jasmonate (MeJA; 100

µM in 100% methanol) was poured into the plates in which 3-

week-old seedlings were growing. During the treatment, the plates

were sealed with Parafilm, and whole plantlets were harvested 1,

3, 6, 12, and 24 h after the treatment.

Transgenic AtAHL overexpression plants. To generate transgenic

plants integrating the gene, the full-length AtAHL cDNA (EST

clone 36E7) obtained from The Arabidopsis Information Resource

(TAIR) was inserted into the pBI111L at XbaI and XhoI sites in

sense orientation, downstream of the cauliflower mosaic virus 35S

(CaMV 35S) promoter. Thus, the 35S:AtAHL construct constituted,

in order, RB (right boarder)-Pnos-NptII-Tnos-P35S-AtAHL-Tnos-

LB (left boarder). The DNA construct was transformed into 4-

week-old Arabidopsis using the Agrobacterium-mediated floral

dip transformation procedure (Clough and Bent, 1998). Transformed

plants were grown further in a growth chamber until they

produced seeds. Transgenic plants were then selected by screening

for seeds that germinated on kanamycin (30 µg mL–1)-containing

solid MS medium. The AtAHL knockout mutant, Salk_055685,

was obtained from The Salk Institute (http://signal.salk.edu).

Blot analyses. For genomic Southern blot analysis, 5 µg of

genomic DNA was digested with a restriction enzyme, separated

on 0.8% agarose gels, and transferred to nylon membranes. The

blots were then probed with NPTII cDNA integrated in transgenic

plants as a selection marker.

Northern blot analysis was performed using total RNA extracted

from frozen samples with phenol/SDS/LiCl (Carpenter and

Simon, 1998). Total RNA (5 µg) was separated on 1.3% agarose

formaldehyde gels and transferred to GeneScreen Plus hybridization

transfer membranes (Perkin Elmer, USA). The blots were then

probed with EST clones obtained from TAIR.

Pathogen resistance test. A virulent strain of P. carotovorum

subsp. carotovorum was retrieved from the storage tube and

cultured overnight at 28oC in Luria-Bertani medium. Bacteria

were harvested by centrifugation (10 min at 5,000 rpm) and then

resuspended in 10 mM MgCl2 (approximately 1 mL) to 106 CFU

mL–1. The bacterial suspension was sprayed on plants. The

percentage of dead leaves showing spreading necrosis symptoms

was recorded 6 days after the inoculation. Alternatively, a 2-µL

droplet of the bacterial suspension was spotted on Arabidopsis

leaves, and the diameter of necrotic lesions on the leaves formed

6 days after the drop inoculation was recorded.

Results

Transgenic Arabidopsis overexpressing AtAHL. Transgenic

Arabidopsis plants in which AtAHL expression is constitutively
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driven by the CaMV35S promoter were generated by transforming

a fused 35S:AtAHL DNA construct. T3 lines of 35S:AtAHL-

integrating transgenic plants were analyzed with Southern blot

analysis to estimate the copy number of the integrated AtAHL

gene. Genomic DNA was extracted from plants, and 2 µg of

genomic DNA was digested with EcoRI. The NPTII cDNA was

used as a hybridization probe. In the genomic Southern blotting,

three transgenic lines, T-17, T-50, and T-51, were identified as

integrating a single copy of the transformed 35S:AtAHL (Fig. 1),

while T-24, T-26, and T-33 had multiple copies (data not shown).

Leaf samples were taken from 4-week-old transgenic and non-

transformed control plants, and subjected to Northern blot analysis

using a random-primed full-length (1,122-bp-long) fragment prepared

from AtAHL cDNA. The Northern blotting showed that the

AtAHL gene was stably overexpressed in the three selected lines,

integrating a single copy of the transformed gene and yielding

approximately 1.1-kbp-long transcripts (Fig. 2).

AtAHL knockout mutant. The AtAHL knockout mutant,

Salk_055685, was obtained from The Salk Institute (http://

signal.salk.edu). In this mutant, a T-DNA is inserted into the

second exon of At5g54390 (Fig. 3A). Seeds of the T3 generation

were germinated in MS-kanamycin medium, and then genomic

DNAs were extracted to select homozygotes using polymerase

chain reaction (PCR)-based genotyping. In the T-DNA-integrated

Fig. 2 Northern blot analysis of the 35S:AtAHL Arabidopsis. Total RNA
was isolated from rosette leaves of wild-type (WT) and transgenic plants
(T-17, T-50, and T-51). Five micrograms of total RNA was
electrophoresed on 1.3% formaldehyde agarose gel and blotted onto
nylon membranes. The blots were hybridized with the full-length (1,122-
bp-long) fragment prepared from AtAHL cDNA. Loading of equal
amounts of RNA was confirmed by ethidium bromide (EtBr) staining of
the gel. 

Fig. 3 Polymerase chain reaction (PCR)-based genotyping of the AtAHL-
knock mutant, salk_055685. (A) Schematic presentation of T-DNA
insertion. The T-DNA is inserted in the second exon of At5g54390
(AtAHL). Positions of the primers were indicated; right border genomic
primer (RP), left border genomic primer (LP), and insert DNA primer
(LBa1). (B) Agarose gel electrophoresis. In the five sub-lines of T-DNA-
integrated mutant, 677-bp PCR products were produced between the
primers RP and LBa1 (Ra). In the case of the wild type, 984-bp PCR
products were made between LP and RP (LR).

Fig. 1 Genomic Southern blot analysis of the 35S:AtAHL transgenic
Arabidopsis. Genomic DNA was digested with EcoRI. Samples were
electrophoresed on 0.8% agarose gel (A), and then the blot was
hybridized with a random primed NPTII cDNA fragment (B). AtAHL-
overexpressing transgenic plant lines, T-17, T-50, and T-51, were
identified to integrate a single copy of the transgene. WT denotes non-
transformed wild-type plants. A region of lines showing multiple bands
was excised from the blot for clarification, leaving a gap in the gel
between T17 and T-50 transgenic lines.
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mutant, 677-bp PCR products were produced between the right

border genomic primer (RP) and insert DNA primer (LBa1)

designed from the AtAHL sequence (Fig. 3B). In the case of the

wild type, 984-bp PCR products were made between the left

border genomic primer (LP) and the RP. Nucleotide sequences of

the primers used were LP (5'-TAGAAACGGAGATTGACACG

G-3'), RP (5'-AAACCGGATCATCAACTGAAG-3'), and LBa1

(5'-TGGTTCACGTAGTGGGCCATCG-3'). From this experiment,

five lines were identified as homozygotes and used in further

experiments.

Resistance to bacterial infection. Wild-type and transgenic

plants were inoculated with 1.0×106 CFU mL–1 P. carotovorum.

A resistance response was observed on leaves of transgenic plants

6 days after infection by both spraying (Fig. 4A) and spotting

(Fig. 4B). Transgenic Arabidopsis overexpressing the AtAHL gene

exhibited a high degree of resistance to infection with the

pathogen. In the spraying experiment, the percentage of dead

leaves and average lesion diameter of spots were smallest in

35S:AHL transgenic plants (Fig. 4B).

Jasmonate induction of AtAHL expression. After treatment with

50 µM MeJA, the AtAHL gene transcript level increased within 1

h and reached at the maximum level 24 h after the treatment (Fig.

5). Expressions of cysteine synthase (At3g61440) and ATP-

sulfurylase (At4g14680) genes were also induced by MeJA

treatment. Expression level of JR2 (Jasmonate Responsive 2), an

Arabidopsis jasmonate-inducible marker gene (Rojo et al., 1999)

reached the maximum about 3 h after MeJA treatment.

Discussion

Increasing the formation of sulfur-containing defense compounds

should enhance defense responses in plants. Thus, attempts have

been made to engineer sulfate metabolism by generating transgenic

plants. Overexpression of endogenous thionins was shown to

enhance resistance of Arabidopsis against Fusarium oxysporum

(Epple et al., 1997). Transgenic Arabidopsis overproducing

aliphatic isopropyl and methylpropyl glucosinolates showed

enhanced resistance to P. carotovorum, whereas accumulation of

p-hydroxybenzyl or benzyl glucosinolates produced enhanced

resistance toward the bacterial pathogen Pseudomonas syringae

(Brader et al., 2006). Increased accumulation of aromatic

glucosinolates suppressed jasmonate-dependent defenses, as

Fig. 5 Jasmonate induction of AtAHL. Wild-type Arabidopsis plants were
treated with 50 µM MeJA, and total RNA were collected at the indicated
times. The blots were probed with EST clones obtained from TAIR:
cysteine synthase (At3g61440), ATP-sulfurylase (At4g14680), and JR2
(Jasmonate Responsive 2) genes. To confirm equal loading, the agarose
gel was stained with ethidium bromide.

Fig. 4 Disease resistance of the 35S:AtAHL Arabidopsis. Five-week-old
wild-type (WT), transgenic (T-50, and T-51) and atahl knockout (KO)
plants were inoculated with (A) spraying or (B) spotting of 1.0×106 CFU
mL–1 P. carotovorum. Images represent results from six independent
experiments. The graph in b shows average diameters (and error ranges)
of necrotic lesions formed on leaves of 5-week-old Arabidopsis plants 6
days after drop inoculation with P. carotovorum. 
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revealed by enhanced susceptibility of the transgenic plants to the

fungus Alternaria brassicicola (Brader et al., 2006). Thus,

transgenic Arabidopsis enriched for a specific glucosinolate

altered disease resistance to a specific pathogen.

Reinforcement of the sulfate activation pathway could increase

the rate of sulfur flux in the sulfate assimilation pathway, maintaining

a wide scope of defense specificity of transgenic plants. PAPS

generated in this pathway is a source of the sulfonate group in

sulfonation reactions catalyzed by sulfotransferases (Klaassen and

Boles, 1997). This molecule is converted to sulfide and eventually

incorporated into cysteine. In addition, PAPS is a universal sulfate

donor in the conjugation reaction to the activated aldoximes in

glucosinolate formation (Sønderby et al., 2010). PAP is a by-

product of the PAPS-utilizing reactions, which is dephosphorylated

by PAP-nucleotidase to yield 5'-AMP. However, note that

accumulation of PAPS and PAP would be toxic to cells. In

particular, PAP inhibits sulfotransferases and competes with PAPS

for transport into the Golgi apparatus (Klaassen and Boles, 1997).

In addition, the methionine auxotropy of yeast hal2 mutants was

not relieved by inorganic sulfur sources such as sulfite or sulfide

(Peng and Verma, 1995). PAP accumulation in yeast hal2 mutants

or in Li+-treated wild-type yeast strains inhibits exoribonucleases

involved in RNA processing (Dichtl et al., 1997). In a study on

plant metabolic reactions, import of the acyl carrier protein

precursor into spinach chloroplasts was found to be sensitive to

PAP accumulation (Yang et al., 1994).

We postulated that by increasing the PAP degradation reaction

in transgenic plants, the rate of sulfur flux in the sulfate assimilation

pathway would be increased. Among the known PAP-nucleotidases

for gene transformation, AtAHL was the best choice, because this

enzyme is highly specific for PAP (Cheong and Kwon, 1999; Gil-

Mascarell et al., 1999), whereas yeast HAL2 (Murguía et al.,

1996) and Arabidopsis SAL1 (Quintero et al., 1996) contain high

degree of 3'(2'),5'-diphosphonucleoside 3'(2')-phosphohydrolase

activity, which catalyzes the conversion of PAPS back to APS.

Transgenic AtAHL-overexpressing Arabidopsis plants (Figs. 1

and 2) exhibited enhanced resistance to P. carotovorum, whereas

AtAHL knockout mutant showed increased susceptibility (Fig. 4).

P. carotovorum causes soft-rot disease by secreting a series of cell

wall-degrading enzymes; thus, it is a nonspecific pathogen that is

able to infect a wide range of host plants, causing heavy losses in

economically important crops (Perombelon and Kelman, 1980).

The patterns of expression of several genes involved in defense

responses suggested that both jasmonates and salicylic acid play a

role in the response of Arabidopsis to P. carotovorum (Aguilar et

al., 2002). It was reported that elicitors isolated from culture

filtrates of P. carotovorum triggered indole glucosinolates through

coordinate induction of the tryptophan biosynthesis genes in

Arabidopsis, and this response was mediated by jasmonic acid as

shown by lack of indole glucosinolates induction in the

jasmonate-insensitive mutant coi1-1 (Brader et al., 2001).

In general, plant defense responses and sulfur metabolism are

linked through jasmonic acid signaling (Kruse et al., 2007).

Notably, microarray data indicate that the expression of genes

involved in primary and secondary sulfur-related pathways are

induced in response to jasmonate treatment in Arabidopsis (Jost et

al., 2005; Sasaki-Sekimoto et al., 2005; Jung et al., 2007). Jasmonates

induce the genes encoding cysteine-rich proteins such as defensins

and thionins, which exert an important role in activating a

jasmonate-induced defense mechanism against bacterial and

fungal pathogens (Broekaert et al., 1995; Hell, 1997; Thomma et

al., 2002). Mutation of SAL1 gene led to deregulated jasmonic

acid accumulation in Arabidopsis leaves (Rodríguez et al., 2010).

Thus, in addition to the observation reported by Brader et al.

(2001), it appears that P. carotovorum triggers both tryptophan

and sulfur metabolisms, increasing the biosynthesis of indole

glucosinolates in Arabidopsis.

As identified in Northern blot analysis in the present study,

AtAHL is also a jasmonate-inducible gene (Fig. 5). Therefore, a

higher level of AtAHL expression in these transgenic plants

contributed to the jasmonate-mediated resistance to pathogen

infection by accelerating the sulfur flux and at least in part by

degrading PAP, a toxic by-product generated from the reductive

sulfate assimilation pathway.

Acknowledgments This work was supported by the Next Generation

BioGreen 21 Research Program through the National Center for GM Crops of

the Rural Development Administration (grant number PJ008073), by the

Technology Development Program for Life Industry through the Korea

Institute of Planning and Evaluation for Technology of Food, Agriculture,

Forestry and Fisheries (grant number 111076-5), and by the Basic Science

Research Program through the National Research Foundation (grant number

2012-0007030).

References

Aguilar I, Alamillo JM, García-Olmedo F, and Rodríguez-Palenzuela P

(2002) Natural variability in the Arabidopsis response to infection with

Erwinia carotovora subsp. carotovora. Planta 215, 205–9.

Brader G, Mikkelsen MD, Halkier BA, and Palva ET (2006) Altering

glucosinolate profiles modulates disease resistance in plants. Plant J 46,

758–67.

Brader G, Tas E, and Palva ET (2001) Jasmonate-dependent induction of

indole glucosinolates in Arabidopsis by culture filtrates of the

nonspecific pathogen Erwinia carotovora. Plant Physiol 126, 849–60.

Broekaert WF, Terras FRG, Cammue BPA, and Osborn RW (1995) Plant

defensins: Novel antimicrobial peptides as components of the host

defense system. Plant Physiol 108, 1353–8.

Carpenter CD and Simon AE (1998) Preparation of RNA. Methods Mol Biol

82, 85–9.

Cheong J-J and Kwon H-B (1999) Arabidopsis AtAHL gene encodes a

3'(2'),5-bisphosphate nucleotidase sensitive to toxic heavy metal ions.

Agric Chem Biotechnol 42, 169–74.

Clough SJ and Bent AF (1998) Floral dip; a simplified method for

Agrobacterium-mediated transformation of Arabidopsis thaliana. Plant J

16, 735–43.

Cooper RM and Williams JS (2004) Elemental sulfur as an induced antifungal

substance in plant defence. J Exp Bot 55, 1947–53.

Dichtl B, Stevens A, and Tollervey D (1997) Lithium toxicity in yeast is due

to the inhibition of RNA processing enzymes. EMBO J 16, 7184–95.

Droux M (2004) Sulfur assimilation and the role of sulfur in plant

metabolism: a survey. Photosynth Res 79, 331–48.



26 J Korean Soc Appl Biol Chem (2013) 56, 21−26

Epple P, Apel K, and Bohlmann H (1997) Overexpression of an endogenous

thionin enhances resistance of Arabidopsis against Fusarium oxysporum.

Plant Cell 9, 509–20.

Falk KL, Tokuhisa JG, and Gershenzon (2007) The effect of sulfur nutrition

on plant glucosinolate content: physiology and molecular mechanisms.

Plant Biol 9, 573–81.

Gil-Mascarell R, López-Coronado JM, Bellés JM, Serrano R, and Rodríguez

PL (1999) The Arabidopsis HAL2-like gene family includes a novel

sodium-sensitive phosphatase. Plant J 17, 373–83.

Halkier BA and Gerschenzon J (2006) Biology and biochemistry of

glucosinolates. Annu Rev Plant Biol 57, 303–33.

Hell R (1997) Molecular physiology of plant sulfur metabolism. Planta 202,

138–48.

Jost R, Altschmied L, Bloem E, Bogs J, Gershenzon J, Hähnel U et al. (2005)

Expression profiling of metabolic genes in response to methyl jasmonate

reveals regulation of genes of primary and secondary sulfur-related

pathways in Arabidopsis thaliana. Photosynth Res 86, 491–508.

Jung C, Lyou SH, Yeu SY, Kim MA, Rhee S, Kim M et al. (2007)

Microarray-based screening of jasmonate-responsive genes in Arabidopsis

thaliana. Plant Cell Report 26, 1053–63.

Klaassen CD and Boles JW (1997) The importance of 3'-phosphoadenosine

5'-phosphosulfate (PAPS) in the regulation of sulfation. FASEB J 11,

404–18.

Kopriva S (2006) Regulation of sulfate assimilation in Arabidopsis and

beyond. Ann Bot 97, 479–95.

Kopriva S and Koprivova A (2004) Plant adenosine 5'-phosphosulphate

reductase: the past, the present, and the future. J Exp Bot 55, 1775–83.

Kopriva S, Fritzemeier K, Wiedemann G, and Reski R (2007) The Putative

moss 3-phosphoadenosine-5-phosphosulfate reductase is a novel form of

adenosine-5-phosphosulfate reductase without an iron-sulfur cluster. J

Biol Chem 282, 22930–8.

Koprivova A, Meyers AJ, Schween G, Herschbach C, Reski R, and Kopriva S

(2002) Functional knockout of the adenosine 5'-phosphosulfate reductase

gene in Physcomitrella patens revives an old rout of sulfate assimilation.

J Biol Chem 277, 32195–201.

Kruse C, Jost R, Lipschis M, Kopp B, Hartmann, and Hell R (2007) Sulfur-

enhanced defence: effects of sulfur metabolism, nitrogen supply, and

pathogen lifestyle. Plant Biol 9, 608–19.

Leyh TS (1993) The physical biochemistry and molecular genetics of sulfate

activation. Crit Rev Biochem Mol Biol 28, 515–42.

Murguía JR, Bellés JM, and Serrano R (1996) The yeast HAL2 nucleotidase

is an in vivo target of salt toxicity. J Biol Chem 271, 29029–33.

Peng Z and Verma DP (1995) A rice HAL2-like gene encodes a Ca2+-sensitive

3'(2')-phosphohydrolase and complements yeast met22 and Escherichia

coli cysQ mutations. J Biol Chem 270, 29105–10.

Perombelon MCM and Kelman A (1980) Ecology of the soft rot Erwinias.

Annu Rev Phytopathol 18, 361–87.

Quintero FJ, Garciadeblas B, and Rodriguez-Navarro A (1996) The SAL1

gene of Arabidopsis, encoding an enzyme with 3'(2'),5'-bisphosphate

nucleotidase and inositol polyphosphate 1-phosphatase activities, increases

salt tolerance in yeast. Plant Cell 8, 529–37.

Rausch T and Wachter A (2005) Sulfur metabolism: a versatile platform for

launching defence operations. Trends Plant Sci 10, 503–9.

Rodríguez VM, Chetelat A, Majcherczyk P, and Farmer EE (2010)

Chloroplastic phosphoadenosine phosphosulfate metabolism regulates

basal levels of the prohormone jasmonic acid in Arabidopsis leaves.

Plant Physiol 152, 1335–45.

Rojo E, León J, and Sánchez-Serrano JJ (1999) Cross-talk between wound

signaling pathways determines local versus systemic gene expression in

Arabidopsis thaliana. Plant J 20, 135–42.

Sasaki-sekimoto Y, Taki N, Obayashi T, Aono M, Matsumoto F, Sakurai N et

al. (2005) Coordinated activation of metabolic pathways for antioxidants

and defence compounds by jasmonates and their roles in stress tolerance

in Arabidopsis. Plant J 44, 653–68.

Sønderby IE, Geu-Flores F, and Halkier BA (2010) Biosynthesis of

glucosinolates - gene discovery and beyond. Trends Plant Sci 15, 283–

90.

Takahashi H, Kopriva S, Giordano M, Saito K, and Hell R (2011) Sulfur

Assimilation in Photosynthetic Organisms: Molecular Functions and

Regulations of Transporters and Assimilatory Enzymes. Annul Rev Plant

Biol 62, 157–84.

Thomma BPHJ, Cammue BPA, and Thevissen K (2002) Plant defensins.

Planta 216, 193–202.

Yang L-M, Fernandez MD, and Lamppa GK (1994) Acyl carrier protein

(ACP) import into chloroplasts: Covalent modification by a stromal holo

ACP synthase is stimulated by exogenously added CoA and inhibited by

adenosine 3',5'-bisphosphate. Eur J Biochem 224, 743–50.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /Batang
    /BatangChe
    /BauhausITCbyBT-Bold
    /BauhausLight
    /BauhausMedium
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatITCbyBT-Bold
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BrushScriptStd
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Candice
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /ChollaUnicase
    /Clarendon-Condensed-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /CwritB
    /CwritL
    /CwritM
    /CwritUL
    /DauphinPlain
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraverFontExtras
    /EngraverFontSet
    /EngraversMT
    /EngraverTextH
    /EngraverTextNCS
    /EngraverTextT
    /EngraverTime
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FormalScript421BT-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Heavy
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FZSY--SURROGATE-0
    /Gaeul
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-KursivHalbfett
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrM
    /H2hdrM
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadG
    /HeadlineR-HM
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /Mdam
    /MesquiteStd
    /MetaPlusBoldRoman
    /MetaPlusMediumRoman
    /Mforgem
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MoeumTR-HM
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MurrayHillBT-Bold
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyungjoL-HM
    /NewGulim
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OilOnTheWater
    /Oliver
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PianoB
    /PianoL
    /PianoM
    /Pleasantly-Plump
    /PMingLiU
    /PoplarStd
    /PostB
    /PosterBodoniBT-Roman
    /PostL
    /PostM
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /SaenaegiR-HM
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangM
    /SeoulNamsanEB
    /SeoulNamsanM
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /ShelleyAllegroBT-Regular
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StencilStd
    /Swiss911BT-ExtraCompressed
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDI2002
    /YDIAsphaltB
    /YDIAsphaltL
    /YDIBirdL
    /YDIBirdM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDIChunB
    /YDIChunL
    /YDIChunM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGoldB
    /YDIGoldL
    /YDIGoldM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM-KSCpc-EUC-H
    /YDIJininB
    /YDIJininL
    /YDIJininM
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMatrix01
    /YDIMatrix02
    /YDIMatrix03
    /YDIMatrix04
    /YDIMatrix05
    /YDIMatrix06
    /YDIMatrix07
    /YDIMatrix08
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPaintB
    /YDIPaintL
    /YDIPaintM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDISolM-KSCpc-EUC-H
    /YDISongB
    /YDISongL
    /YDISongM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWindM-KSCpc-EUC-H
    /YDIYahwaB
    /YDIYahwaL
    /YDIYahwaM
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO240
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YDSAH
    /YDSDJ
    /YDSHO
    /YDSHS
    /YDSJH
    /YDSJY
    /YDSMJ
    /YDSSH
    /YetR-HM
    /Ymjo420
    /Ymjo440
    /Ymjo450
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


