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Abstract Plant lipases have been chiefly studied as an esterase

for hydrolyzation of triacylglycerol (a true lipase), which supplies

energy for seed germination. Lipases are widely distributed in

plants, animals, insects, and microorganisms. However, recent

studies suggest that plant lipases have physiological functions

other than triacylglycerol hydrolysis. In the present study, a plant

lipase that has enzyme properties distinct from those of a true

lipase was purified and characterized from oat seedlings. The

lipase was purified 189-fold to a 0.53% purification ratio with

high specific activity (34.656 U/mg). Analysis of the protein by

Sodium dodecyl sulfate polyacrylamide gel electrophoresis showed

a homogenous purified lipase. The lipase had higher enzyme

specificity to monoacylglyceride and short chain fatty acids.

Synthesis of the lipase was active at an early stage of germination

for 6 days and decreased thereafter. Most of the lipase was found

in the upper part of the oat seedling excluding the root. Within the

young leaves, the lipase is located only in vessels and sieve tubes.

However, infection of a pathogen, Pseudomonas syrinae pv.

oryzae, elevated the lipase synthesis. In addition, the lipase had an

ability to hydrolyze E.coli lipopolysaccharide. These results

suggested that oat lipase may play a physiological role in defense

against pathogens.
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Introduction

Lipases (EC 3.1.1.3) are ubiquitous complicated enzymes with

unrivalled potential in the emerging areas of biotechnology, food

technology, and biomedical sciences (Reis et al., 2009). They are

primarily responsible for the hydrolysis of acyl glycerides during

lipid processing and principally catalyze the hydrolysis of ester

bonds in mono-, di- and triacylglycerols (TAG) (Patel et al., 1996;

Hasan et al., 2009; Vijayakumar and Gowda, 2013). Lipases from

microorganisms thus far have been the most studied lipases;

however, other sources of lipases include plants and animals

(Hasan et al., 2006). In the case of plants, lipases are mostly

present in oilseeds and laticifers (Rivera et al., 2012). Plant lipases

have interesting biochemical properties such as pH and temperatures

(Bhardwaj et al., 2001). The isolation and purification of plant

lipases are carried out with relatively simple techniques (Fuchs et

al., 1996; Klose and Arendt, 2012; Rivera et al., 2012). Plant

lipases have many potential applications in a laboratory scale. As

an example, plant lipases have proven to be highly specific for

fatty acids present within the plant; this feature can be exploited

in biotechnological applications (Hasan et al., 2006; de Sousa et

al., 2010). Plant lipases have two major functions: providing

energy by hydrolyzing the oils stored in the seeds and protection

(e.g., as antipathogenic agents), as in the case of laticifer lipases

and some lipases from Arabidopsis (Kwon et al., 2009; Lee et al.,

2009). Plants have both passive and active defenses against

pathogen attack (Koeck et al., 2011). Pathogen ingress to host

tissue is the first critical step in infection, as nutrients on the leaf

surfaces are believed to be very limited. In the case where

pathogens breach passive defenses, plants rely on active immunity

to restrict pathogen proliferation (Gimenez-Ibanez and Rathjen,

2010). Defense mechanisms have been reported in plants where

lipases and other enzymes directly attack microorganisms that

enter the area of the pistil and stamen through direct contact

(Konno, 2011). Previous studies suggested that Arabidopsis

AtGLIP1 directly attacked necrotrophic fungus Alternaria sp.

brassicola to reduce the strength of the cell membrane and cell

wall as a direct anti-microbial action (Oh et al., 2005). However,

the function of lipases in defense mechanisms is not yet fully

understood.
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In the present study, we have separated lipase from oats and

demonstrate the characteristics of the lipase at early germination

stage, and distribution of lipase in tissue was studied to infer the

function of the plant lipase. Furthermore, the substrate specificity

of the lipase and its involvement in infection with pathogens were

examined in order to understand the functions of lipase associated

with pathogen resistibility.

Materials and Methods

Materials. Oats (Avena sativa L.) were purchased from Maine

Potato Growers Inc. (USA). Pheny-Sepharose CL-4B and

carboxymethyl (CM)-Cellulose were purchased from Sigma

(USA). Ammonium sulfate was purchased from United States

Biochemical (USA). All reagents and chemicals were of

analytical grade. 

Cultivation of oat seeds. Oat seeds were immersed for 2 h under

darkness at 28oC and were evenly scattered and incubated on an

aluminum plate (40×55 cm) with damp vermiculites. Vermiculites

were covered over seeds in such a way that seeds could hardly be

observed. Water was sprinkled once a day at 27 to 28oC under

darkness to maintain humidity. The seeds were then incubated for

4 to 5 days. When the seeds germinated and grew to about 5 cm,

the upper 3 cm of the seedling was harvested and used as a

sample. All oat sowing and harvesting processes were carried out

under a green safety light.

Purification of a lipase from oat seedlings. Purification of a

lipase from oat seedlings followed the procedure described by

Park et al. (2012). Briefly, the seedlings were extracted with an

extraction buffer (50 mM Tris-HCl pH 8.0, 150 mM NaCl, 5 mM

EDTA, 5% glycerol, 14 mM β-mercaptoethanol, 4 mM phenyl-

methylsulfonyl fluoride, 0.02% sodium azide, and 0.5 µg/mL−1

leupeptin), and treated with 0.1% polyethyleneimine followed by

precipitation with 50% ammonium sulfate. The precipitant was

dissolved in buffer A (50 mM Tris, pH 7.5, 5 mM EDTA, 14 mM

β-mercaptoethanol and 2 mM PMSF), desalted by a Sephadex G-

25 column, and passed through a phenyl-Sepharose CL-4B

column and then through CM-cellulose column. The protein

bands of each elute were identified on a 10% SDS gel stained with

silver nitrate, and used for the enzyme activity assay.

Spectrophotometric assay with p-nitrophenyl palmitate (p-

NPP). Lipase activity was measured with a spectrophotometric

assay at 25oC with p-nitrophenyl palmitate (p-NPP). To prepare

the reaction mixture, the substrate stock solution (10 mL isopropanol

containing 30 mg p-NPP) and buffered solution (0.2 M sodium

phosphate buffer, pH 7.0, 207 ml Na-DOC, and 100 mg gum

arabic) were mixed to 1:9 ratio. The reaction mixture was incubated

for 10 min at 35oC in a water bath. Before the measurements, the

reaction was stopped by the addition of 2 M NaCO3. To evaluate

the activity, the increase of absorption at 410 nm was followed

with a Pye Unicam SP8-100 spectrophotometer for 10 min.

Electrophoresis and silver staining. The electrophoresis was

transformed using the method of Laemmli. The SDS-sample

buffer [0.125 M Tris-HCl (pH 6.8), 5% (w/v) SDS, 30% (v/v)

glycerol, 10% (v/v) β-mercaptoethanol, and 0.002% (w/v) bromphenol

blue] was mixed with sample protein and then boiled for 3 min.

The electrophoresis was carried out for 2 h, and the protein

separation was confirmed by staining for 40 minutes using a

staining solution [0.1% (w/v) Coomassie brilliant blue R-250

solution : methanol : accetic acid=5:5:2, v/v/v] followed by

discoloring using a decolorization solution [30% (v/v) methanol,

10% (v/v) acetic acid, 1% (v/v) glycerol]. For confirmation of a

small amount of protein fractions, a silver (AgNO3) staining

method was conducted. After the sample was treated by SDS gel

electrophoresis, the gel was mixed with a fixing solution

(methanol : acetic acid : dH2O=40:10:50, v/v/v) and stirred for 30

min to immobilize the protein fractions. The protein fractions

were then washed for 15 min twice a day using a cleaning solution

(methanol : acetic acid : dH2O=10:5:85, v/v/v). After washing,

the gel was incubated in a solution containing 3.4 mM potassium

dichromate and 3.2 mM nitric acid for 15 min. The gel was

washed twice with distilled water, treated with 12 mM silver

nitrate solution for 15 min, and then washed twice with distilled

water. The protein fractions were developed in a solution of 0.28

M sodium carbonate containing 0.02% (v/v) formaldehyde. They

were then transferred to a solution of 3% (v/v) acetic acid, and

were finally fixed.

Western blotting. After electrophoresis, the gel was soaked in a

transfer buffer of 124 mM Tris-Cl, 192 mM glycine, and 20%

methanol. The gel was then placed in 100% methanol for 15

seconds; moved to sterile water for 2 minutes; and finally placed

in a transfer buffer for five minutes for equilibration. A transfer

membrane (Immobilon Millipore pore size, 0.45 µg; filter type:

PVDF) soaked in the transfer buffer was overlaid on top of this

gel. After transfer, the membrane was washed in a washing buffer

(20 mM Tris-Cl, pH 7.6, 137 mM NaCl, 0.1% Tween 20). In order

to prevent nonspecific proteins from binding to the membrane, the

membrane was put into a shaker for 2 hours for the blocking

process using a blocking buffer (20 mM Tris-Cl, pH 7.6, 137 mM

NaCl, 0.1% Tween 20, and 2.5% skim milk). Primary antibody

was diluted with an incubation buffer (20 mM Tris-Cl, pH 7.6,

137 mM NaCl, 0.1% Tween 20, and 1.0% skim milk) to a 1/500

ratio. It was then stirred for 1.5 h, and subsequently washed with

a washing buffer. The secondary antibody was next diluted with

the incubation buffer to a 1/2000 ratio, stirred for 1.5 h, and then

washed with the washing buffer. Finally, the membrane was

soaked in the detection solution. After the membrane completely

dried out, it was exposed to an X-ray film for 15 seconds and then

developed.

Immunohistochemistry. After being placed in 60oC dry oven

four times for 5 min each time in a solution of xylene, the tissue

was treated two times for 5 min each in a solution of 100%

ethanol, two times in a solution of 95% ethanol, and two times in

a solution of 70% ethanol, and then left standing for 10 minutes

under running water. Using sterile water, the tissue washed twice
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and treated with TBST. It was subsequently left for 20 min at

room temperature in a methanol solution containing 0.6% H2O2.

The sample was washed and subjected to blocking for 40 minutes

using a TBS buffer containing 1% BSA to treat the primary

antibody followed by washing with TBS to incubate the secondary

antibody for 50 minutes. Subsequently, the tissue was washed

again with TBS, the sample tissue was then incubated for 30

minutes at room temperature, and then washed with TBS. The

process of DAB discoloration was observed for 5 minutes, in

sterile water, followed by treatment of TBS, haematoxlin, sterile

water, ethanol, and xylene.

Lipase activity measurement by gas chromatography. Lipase

activity was assayed in vitro with gas chromatography. The assay

mixture containing 10 mM monopalmitate in acetonitrile, 40 µL

ethanol, lipase 10 µL, and 50 mM Tris-HCl 940 µL was incubated

in a water bath at 50oC for 1 h with stirring. The reaction mixtures

were extracted with 5 mL of chloroform and dried in a SpeedVac

centrifugal concentrator. The residue was suspended in hexane

(500 mL) and analyzed for free fatty acids using gas chromatograph

(HP, 6890 GC FID system).

Results

Isolation of lipase from oat seedling. Oats have stronger

resistance to microorganisms as compared to other crops. Oats,

widely recognized as a healthy food, contain a lipase that is more

active than those of other cereals (Cai et al., 2012). Oat seedling

was extracted, and 40% ammonium sulfate was precipitated, as

described in Materials and Methods. The lipase was partially

purified by phenyl-Sepharose column chromatography after being

dissolved in 450 mL of Tris buffer solution. Lipase activity was

identified by 85 fractions in total protein extracts (Fig. 1A). The

sample was electrophoresed on a 10% SDS-polyacrylamide gel

and stained with Coomassie brilliant blue R-250. Results of

protein isolation are shown in Fig. 1B. The fraction that shows

lipase activity was determined through phenyl-Sepharose column

chromatography followed by CM-cellulose chromatography. The

protein was then eluted with the NaCl density gradient elution

method (Fig. 1C). Protein containing lipase activity was identified

from 83 to 107 fractions, and the isolated protein was confirmed

using SDS-PAGE (Fig. 1D). These results suggest that lipase is a

Fig. 1 Isolation of lipase from oat seedling. (A) Phenyl-Sepharose chromatography of total protein extract from oat seedlings. Oat extracts were
precipitated by PEI and ammonium sulfate, dissolved in 20 mM Tris buffer, and applied on the phenyl Sepharose CL-4B column (3.8× 5.5 cm). The
bound proteins were eluted with 75% ethylene glycol in 20 mM Tris buffer at a flow rate of 80 ml per hour. Fractions of 10 ml eluant were assayed for
protein (absorbance at 280 nm) and for lipase activity (absorbance of p-NPP at 410 nm). (B) SDS-PAGE of phenyl-Sepharose column fractions. The
sample was electrophoresed on a 10% SDS-polyacrylamide gel and stained with Coomassie brilliant blue R-250. S: Size marker; L: Loading; 30 and
86: Fraction No. (C) CM-Cellulose chromatography of the lipase solution from phenyl-Sepharose column. Lipase-active fraction was applied on a CM-
Cellulose column (2.2×6.0 cm). After washing with 20 mM Tris-HCl (pH 7.5) buffer, the bound proteins were eluted with a linear gradient of 20 mM
Tris-HCl (pH 7.5) and 0.3 M NaCl in 20 mM Tris-HCl (pH 7.5) at a flow rate of 20 mL per hour. The eluates were collected by 3 mL per fraction. (D)
SDS-PAGE of CM-Cellulose column fractions. The eluants from the CM-Cellulose column were electrophoresed on 10% SDS-polyacrylamide gel and
stained with silver nitrate. S; size marker, L; Loading, No. 30-104; fraction No.
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40 kDa protein. Purification efficiencies from crude extracts to

isolation are summarized in Table 1; 5.51 mg of lipase was

isolated from 3 kg of oat seedlings. After purification, the lipase

was purified 189-fold to a 0.53% purification ratio with high

specific activity (34.656 U/mg). The lipase (carboxylesterase) was

purified to a homogeneity on SDS-gel and partially sequenced for

its amino acid sequences. The lipase was a 40 kDa monomeric

protein composed of 358 amino acids belonging to the GDSL

family with SAG motif.

Lipase activity and substrate specificity. We investigated the

substrate specificity of isolated and purified lipase from oat

seedlings using various lipid substrates. The isolated lipase showed

specific activity in monopalmitate, whereas lipase activity was

weak in dipalmitate and tripalmitate (Table 2). The lipase activity

of the short chain carboxylic acid (butylate) was higher than that

of the long chain carboxylic acid (palmitate). In addition, the 1-

and 3- chains were separated well, but the 2- chain was not.

Consequently, isolated lipase showed higher specific activity in

short chain fatty acids than in long chain fatty acids. This suggests

that the activity of carboxylesterase was higher than that of TAG

hydrolase and lipase from oat seedlings, which plays roles in

transesterification and esterification. Therefore, isolated lipase

may be classified as an esterase or acyltransferase in lipase type II

rather than as a TAG lipase.

Western blots of the lipase from different oat tissues. After

extraction of lipase from the leaves, coat, stem, and roots, tissue-

specific expression of the lipase were investigated. Lipase from

the oat seedlings was found in leaves, stems, and coat, but not in

the roots (Fig. 2A). In order to investigate the lipase-specific

expression during the growing periods, the upper 20 mm of the

seedlings were cut each day. The lipase was extracted daily, and

electrophoresis and Western blot were performed. The lipase was

expressed actively at an early stage of germination for 6 days and

rapidly disappeared thereafter (Fig. 2B).

Immunohistochemistry of the lipase within the oat stem tissue.

In order to study the location of the lipase in organelles,

immunohistochemistry was performed. Lipase was stained with

DAB (yellow color) in vascular tissue containing vessels and

sieve tubes. From the results, lipase was found to be distributed

primarily in the vessels and sieve tubes, suggesting that lipase was

transferred to the vessels or sieve tubes when stimulate externally

(Fig. 3).

Western blot of the lipase from oat seedlings treated with

Psudomonas syringae pv oryzae. Regarding the role of lipase in

the plant, it was proposed that lipase is a producer of signal

substances in resistance signaling pathways of pathogen penetration.

In order to identify anti-pathogenic effects of the lipase, changes

in lipase expression were examined by Western blotting. After oat

seeds were grown in the dark for 4 days under same condition:

group A (no treatment) and groups B and C (cut at the upper part

Table 1 Purification of lipase from oat seedlings

Protein (mg/mL) Total activity Unit* Specific activity Unit* Purification Fold Yield (%)

Crude extract 3,577.69 3,662 0.183 1.00 100.00

PEI Precipitation 2,988.34 4,442 0.219 1.20 83.52

50% Ammonium sulfate Precipitation 1,817.23 7,187 0.360 1.97 50.79

Phenyl-Sepharose Chromatography 176.27 204 3.716 20.30 4.93

CM-Cellulose Chromatography 18.90 5.5 34.656 189.30 0.53

Lipase activity was measured by the absorbance of p-nitrophenol produced from p-NPP by the lipase at 410 nm.
*One unit: one µm palmitate produced from p-NPP for 1 min.
*Specificity: unit/mg protein 

Table 2 Substrate specificity of the purified oat lipase

Substrate
Specific activity

 (U/mg)
Relative activity

(%)

The number of chain

Monopalmitate 598 100

Dipalmitate 86 14

Tripalmitate 11 2

The length of chain

Monobutylate (C4) 755 100

Monolauric acid (C12) 656 87

Monopalmitate (C16) 554 73

Purified lipase hydrolyzes glycerol mono-, di- and tri-palmitates and
monoacylglycerol with different chain lengths. Activity was assayed by
GC. Relative activity was expressed as the percentage of the activity
towards monopalmitate and monobutylate. 

Fig. 2 Western blots of the lipase from different oat tissues and 6 days
after germination (DAG). After manufacturing the antibody of the lipase,
electrophoresis and Western blot were performed. (A) Expression of
lipase from the oat seedlings in leaves, stems, coat, and roots. Tissues
were taken from 4 day-old seedlings. (B) Expression of lipase depending
on time (day) in seedlings.
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(0.5 to 1 cm) of the seedling). Group C was sprayed with

Psudomonas syringae pv oryzae at the upper part of the seedling.

After growing in the dark for 4 days, the expression level of lipase

was measured. Whereas the amount of lipase expression

decreased in groups A and B after 48 h, in group C, which was

treated with pathogens, the lipase was continuously expressed

after 96 h (Fig. 4).

The hydrolysis of E. coli lipopolysaccharide using lipase. To

find evidence that the lipase is associated with pathogenic

microorganism, E. coli lipopolysaccharide as a substrate was

hydrolyzed by the lipase. The isolated lipase degraded

lipopolysaccharide into palmitic acid (Fig. 5). The lipase had an

ability to hydrolyze E.coli lipopolysaccharide, suggesting that the

oat lipase may possess physiological role to defend against pathogens.

Discussion

Most attention has been paid to the role of plant lipase TAG

hydrolase, which hydrolyzes TAG in seeds and provides energy in

the early germination stage. However, it has recently been found

that plants lipases play a variety of roles. Bacterial GDSL family

lipase (family II) were identified from Aeromonas sp. for the first

time (Volokita et al., 2011). Since then, lipase belonging to the

GDSL family has been isolated from several plants including

Arabidopsis, but researches regarding the characteristics and

functions of lipase have not been fully reported.

The present study purified the lipase from the oat seedlings

(Fig. 1), which showed high specific activity (Table 1). Unlike the

true lipase, which has a TAG hydrolase function, the oat lipase

showed high enzyme activity against fatty acids with a monoacyl

chain, rather than with di- or triacyl chains, and presented higher

substrate specificity against fatty acids containing short chains

(C4) than long chains (C16) (Table 2). During the germination

period, the lipase was expressed at high levels until 6 days after

germination and then decreased drastically thereafter. Most of

these lipases can be found in the upper part of the oat seedling

(Fig. 2A), especially the young leaves of the upper part (Fig. 2B),

and within the young leaves, the lipases are located only in the

vessels and sieve tubes (Fig. 3).

Among bacterial leaf blights, the P. syringae pv. oryzae.

bacteria are limited to the leaf vein and cause bacterial blight

Fig. 3 Immunohistochemistry of the lipase within the oat stem tissue. Oat stem tissue was sectioned in the transverse direction. A, B, C, and D are 40×,
100×, 200×, and 400× magnification, respectively. Lipase was stained with DAB (yellow color) in vascular tissue containing vessels and sieve tubes.

Fig. 4 Western blot of the lipase from oat seedlings treated with
Psudomonas syringae pv oryzae. (A) 4-day-old seedling shoots, no
treatment, (B) cut at the upper part of the seedling, and (C) the cut shoots
were sprayed with Psudomonas syringae pv oryzae. After the treatments,
the samples were incubated for indicated times.
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disease. Because the distribution of lipase appears to be limited to

the vessel and sieve tube, the physiological function of lipase

involved in pathogen resistibility was investigated by infecting

with P. syringae pv. oryzae. The results indicated that these

bacteria induced biosynthesis of lipase (Fig. 4).

Due to these inherent characteristics, the oat lipase is clearly

distinguished from the attributes of the true lipase. In other words,

the oat lipase has different substrate specificity than the true

lipase, and it also has activity that hydrolyzes the cell walls of

bacteria (Fig. 5). The level of enzyme increased when treated with

the pathogen P. syringae pv. Oryzae, which was infected in the

vessels and sieve tubes and caused plant blight disease, and the oat

lipase also appeared at high levels in the vessels and sieve tubes

of young oat leaves. A previous study found that lipases that have

similarities with the family I lipase (TAG lipase) and GDSL

family lipase are involved in the defense mechanism associated

with microorganism infection (Kwon et al., 2009). Several well-

known lipases have been reported to be involved in the defense

mechanism against microorganism infection. The oat lipase of the

present study is also considered to have a defensive function

Fig 5 GC analysis of lipase hydrolyzate of lipopolysaccharide from E. coli. Conditions: GC-FID (Agilent GC- 6890, USA), the flow rate of carrier gas
(He) was set at 2.5 mL/min. The oven temperature was programmed to initiate at 160oC and was held for 2 min. The temperature was raised to 200oC
at a rate of 20oC/min and held for 4 min, and finally increased to 270oC at a rate of 5oC and held for 23 min. Column: SPD-1 fused-silica capillary
column (30 m×0.53 mm I.D., 0.10 m film thickness. A: lipopolysaccharide only, B: palmitate standard. C: lipopolysaccharide hydrolyzate.

Fig. 6 A proposed function of oat lipase: Infection of bacteria signals to the nucleus of the plant, where it induces expression of enzymes involved in
hydrolysis of the bacterial cell wall, such as lipase and glucanase.



J Korean Soc Appl Biol Chem (2013) 56, 639−645  645

against microorganisms such as Pseudomonas syringae pv.

oryzae. In other words, once P. syringae pv. Oryzae is infected, the

expression of lipase will increase. The lipase also exists in most

vessels and sieve tubes, where the microorganisms inhabit. In

addition, the lipase has a function to decompose lipopolysaccharide,

presenting a pathogen resistance defense mechanism of the lipase

(Fig. 6). When pathogens attack through the vessel and sieve tube

and they are recognized by the receptors located in the cell

membranes that constitute the vessel and sieve tube, the signal is

delivered to the nucleus and then the mRNA of defense

mechanism-related proteins, such as, lipase, glucanase, and

chitinase, will be expressed. Expression of these proteins will

hydrolyze the cell membranes of microorganisms. This mechanism

will loosen the cell membranes of microorganisms and consequently

result in microbial cell death. Fig. 6 showed that lipase and

glucanase hydrolyze the lipopolysaccharide of bacteria.

Acknowledgments This work was performed at the Cybernetics Laboratory

at DGIST. This work was supported by the DGIST R&D Program of the

Ministry of Education, Science and Technology of Korea (13-BD-0403).

References

Bhardwaj K, Raju A, and Rajasekharan R (2001) Identification, Purification,

and Characterization of a Thermally Stable Lipase from Rice Bran. A

New Member of the (Phospho) Lipase Family. Plant Physiology 127,

1728–38.

Cai S, Wang O, Wang M, He J, Wang Y, Zhang D et al. (2012) In vitro

inhibitory effect on pancreatic lipase activity of subfractions from

ethanol extracts of fermented oats (Avena sativa L.) and synergistic

effect of three phenolic acids. J Agric Food Chem 60, 7245–51.

de Sousa JS, Cavalcanti-Oliveira EdA, Aranda DAG, and Freire DMG (2010)

Application of lipase from the physic nut (Jatropha curcas L.) to a new

hybrid (enzyme/chemical) hydroesterification process for biodiesel

production. Journal of Molecular Catalysis B: Enzymatic 65, 133–7.

Frédéric B, Ali T, Claude, and Robert (2000) Methods for lipase detection and

assay a critical review. Eur J Lipid Sci Technol 102, 133–53.

Fuchs C, Vine N, and Hills MJ (1996) Purification and characterization of the

acid lipase from the endosperm of castor oil seeds. Journal of Plant

Physiology 149, 23–9.

Gimenez-Ibanez S and Rathjen JP (2010) The case for the defense: plants

versus Pseudomonas syringae. Microbes Infect 12, 428–37.

Hasan F, Shah AA, and Hameed A (2006) Industrial applications of microbial

lipases. Enzyme and Microbial Technology 39, 235–51.

Hasan F, Shah AA, and Hameed A (2009) Methods for detection and

characterization of lipases: A comprehensive review. Biotechnol Adv 27,

782–98.

Katherine MS and John BO (2002) Lipid metabolism in plants. Biochemistry

of Lipid: Lipoprotein and Membrane (4th ed.), pp. 97–130, Elsevier B.

V., USA.

Kishore JP, Manojkumar ZC, and Raghunath TM (2011) Lipase biodiversity.

Indian Journal of Science and Technology 4(8), 971–82.

Klose C and Arendt EK (2012) Proteins in oats; their synthesis and changes

during germination: a review. Crit Rev Food Sci Nutr 52, 629–39.

Koeck M, Hardham AR, and Dodds PN (2011) The role of effectors of

biotrophic and hemibiotrophic fungi in infection. Cell Microbiol 13,

1849–57.

Konno K (2011) Plant latex and other exudates as plant defense systems: roles

of various defense chemicals and proteins contained therein.

Phytochemistry 72, 1510–30.

Kwon SJ, Jin HC, Lee S, Nam MH, Chung JH, Kwon SI et al. (2009) GDSL

lipase-like 1 regulates systemic resistance associated with ethylene

signaling in Arabidopsis. Plant J 58, 235–45.

Lee DS, Kim BK, Kwon SJ, Jin HC, and Park OK (2009) Arabidopsis GDSL

lipase 2 plays a role in pathogen defense via negative regulation of auxin

signaling. Biochem Biophys Res Commun 379, 1038–42.

Mew TW (1987) Current Status and Future Prospects of Research on

Bacterial Blight of Rice. Ann Rev Phytopathol 25, 359–82. 

Oh IS, Park AR, Bae MS, Kwon SJ, Kim YS, Lee JE et al. (2005) Secretome

analysis reveals an Arabidopsis lipase involved in defense against

Alternaria brassicicola. Plant Cell 17, 2832–47.

Park YI, Do KH, Kim IS, and Park HH (2012) Structural and functional

studies of casein kinase I-like protein from rice. Plant Cell Physiol 53,

304–11.

Patel MT, Nagarajan R, and Kilara A (1996) Lipase-Catalyzed Biochemical

Reactions in Novel Media: A Review. Chemical Engineering

Communications 152–3, 365–404.

Pierre V (2003) Plant lipases and their applications in oils and fats modifi

cation. Eur J Lipid Sci Technol 105, 308–17.

Reis P, Holmberg K, Watzke H, Leser ME, and Miller R (2009) Lipases at

interfaces: a review. Adv Colloid Interface Sci 147-148, 237–50.

Rivera I, Mateos-Diaz JC, and Sandoval G (2012) Plant lipases: partial

purification of Carica papaya lipase. Methods Mol Biol 861, 115–22.

Sahasrabudhe MR (1982) Measurement of Lipase Activity in Single Grains of

Oat (Avena sativa L.). JAOCS 59(8), 354–5.

Vajanti MP and Mumtaz AS (2002) Review of Enzymatic Properties of

Lipase in Plants, Animals and microoranism. Pakistan Journal of

Applied science 2(4), 474–84.

Vijayakumar KR and Gowda LR (2013) Rice (Oryza sativa) lipase: molecular

cloning, functional expression and substrate specificity. Protein Expr

Purif 88, 67–79.

Volokita M, Rosilio-Brami T, Rivkin N, and Zik M (2011) Combining

comparative sequence and genomic data to ascertain phylogenetic

relationships and explore the evolution of the large GDSL-lipase family

in land plants. Mol Biol Evol 28, 551–65.



<<
  /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


