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ABSTRACT : Chinese fir (Latin name: Cunninghaimia lanceolata) is one of the major commercial coniferous trees. Most of 
Chinese fir forests are managed in successive rotation sites, which lead productivity to decline. Autotoxicity is the important reason 
for soil degradation of Chinese fir plantation, especially, phenolic acids are considered as the major allelopathic toxins which 
induce autotoxicity in Chinese fir rotation stands. We performed here proteomic approach to investigate the response of proteins 
in Chinese fir leaves to salicylic acid. The tube plantlets of Chinese fir clone were treated with 120 mg/L salicylic acid for 1, 
3 and 5th day. 2-DE, coupled with MALDI-TOF-TOF/ MS, was used to separate and identify the responsive proteins. We found 
12, 7, and 12 candidate protein spots that were up- or down-regulated by at least 2.5 fold after 1, 3, and 5th day of the stress, 
respectively. Of these protein spots, 16 spots were identified successfully. According to the putative physiological functions, these 
proteins were categorized into five classes (1) the proteins involved in protein stability and folding, including 26S proteome, Grp78, 
Hsp70, Hsp90 and PPIase; (2) the protein involved in photosynthesis and respiration, including OEC 33 kDa subunit, GAPDH; 
(3) the protein related to cell endurance to acid, F-ATPase; (4) the protein related to cytoskeleton, tubulin; (5) the protein related 
to protein translation: prolyl-tRNA synthetase. These results give new insights into autotoxic substance stress response in Chinese 
fir leaves and provide preliminary footprints for further studies on the molecular signal mechanisms induced by the stress.
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INTRODUCTION

Chinese fir (Cunninghaimia lanceolata) is one of the 
most important commercial coniferous tree species, cul-
tured in the sixteen provinces of Southern China. Currently, 
most of Chinese fir forest had been managed on succes-
sive rotation sites. The results showed that the repeatable 
soil is not suitable for Chinese fir growth, the total 
biomass consistently decreased by 45% and 50%, the 
effective component of soil declined by 23% and 28% in 
second and third rotations, respectively compared to the 
first rotation (Zhang et al, 1994). Among the reasons of 
dropped productivity of successive Chinese fir stand, in 
addition to the decline of soil fertility and soil structure, 
the accumulated auto-toxic substances in successive site 
was considered the significant reason for soil degradation 
of Chinese fir plantation (Lin et al., 1999; Ma et al., 

2000; Chen et al., 2003; Du et al., 2003).
Autotoxity, as one special manifestation of allelopathy, 

produces the direct or indirect harmful effects on plant 
themselves by the accumulated autotoxins which are 
released through some ways such as leaves dripping, plant 
residues decomposing and roots secreting etc. In recent 
years, phenolic substances have found to be the major 
allelopathic substances to induce auto-toxicity of Chinese 
fir. There are some reports about the alleloppathic effects 
induced by several phenolic auto-toxic substances such as 
vanillin, P-hydroxybenzoic, ferukic, cinnamic and salicylic 
acids due to successive rotation. These autotoxins can 
accumulate to a certain level in the soil, then inhabit the 
plant growth processes including seed germination, seed-
ling growth, root vitality, photosynthesis, nutrient uptake, 
osmotic adjustment and so on, as one of the stress factors 
to reduce Chinese fir productivity in successive sites (Ma 
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et al., 1998; Chen et al., 2002a; Chen et al., 2002b; Wang 
et al., 2002; Cao et al., 2001; Lin et al., 2003; Yang et 
al., 2006; Yang et al., 2007a). In addition, salicylic acid 
was considered as the toxic phenolic acid in plant–soil 
ecosystems, which was elaborated in the research about 
the global response of the soil bacterium Bacillus subtilis 
to salicylic acid (Duy et al, 2007)

Proteomics has been employed to analyze protein changes 
in response to environmental changes, and although one 
plant genome is not available, databases of non-redundant 
and contiguous ESTs will provide a potentially useful 
resource for its proteome investigations (Yan Zhen, 2007). 
The differential expression of proteins in two stressed 
plants can be compared using differential proteome, which 
helps to explore the regulation mechanism and response 
pathways to outside stimulation. This approach is useful 
for studying plant allelopathy. By the differential proteome 
technique, He et al (2004) had obtained the differential 
proteins involved in catalyzing or metabolizing process of 
secondary substances in rice allelopathy. 

To explore the effects of salicylic acid on the differ-
ential proteome of Chinese fir, Yang (2007b) optimized 
the two-dimension polyacrylamide gel electrophoresis 
technique to obtain the better protein profiles of Chinese 
fir leaves. In this study, the proteins extracted from 
Chinese fir leaves were separated with 2-DE after being 
treated with 120 mg/L salicylic acid, then the differentially 
expressed proteins were identified by MALDI-TOF/TOF-
MS and protein databases. These results would be helpful 
for investigating the response and regulation mechanism 
of Chinese fir to the auto-toxic substances.

MATERIALS AND METHODS

Plant Materials and Salicylic Acid Treatement

The tube plantlets of Chinese fir clone, graciously pro-
vided by Xinmin seedling company Ltd in Fujian, China, 
were transferred into the modified MS mediums to grow 
for ten days. Then the uniformly grown plantlets were 
exposed to 0 mM and 120 mM Salicylic acid in mediums 

respectively. The treated samples were harvested at 1, 3, 
and 5th day. Leaves were cut and frozen in liquid ni-
trogen and kept at -70℃ until used.

Protein Extraction

Leaves were ground in liquid nitrogen in a mortar to 
a fine powder, then immediately suspended in eight 
volumes of 10% (w/v) trichloroacetic acid (TCA) in 
acetone containing 0.07% v/v 2-mercaptoethanol at -20℃ 
overnight (Damerval et al., 1986). The homogenates were 
centrifuged for 20 min at 18 000 g at 4℃. After discarding 
the supernatant liquid, the pellets were re-suspended in 
cold acetone containing 0.07% v/v 2-mercaptoethanol, 
incubated at -20℃ for 1 h and were centrifuged for 20 
min at 18 000 g. The washing was repeated twice. The 
final pellets were lyophilized to remove the residual acet-
one and then kept at -70℃ overnight. The lyophilized 
samples were solubilized in lysis buffer according to Yang 
(2007b). After incubating at 35℃ for 2h, the supernatants 
were centrifuged at 18 000 g for 20 min to remove 
precipitation. The protein concentration was determined 
by Bradford assay using BSA as a standard.

Two-Dimensional Gel Electrophoresis

Before loading for 2-DE, proteins were solubilized in 
450 µL rehydration buffer (Yang et al., 2007b). Twenty-
four centimeter immobilized pH gradients (IPG) strips 
linear (pH 4–7) were rehydrated with this solution in each 
rehydration tray. Rehydration and isoelectric focusing were 
carried out using an IPG phor at 20℃ to reach a total 
of 63,000 V h-1. After isoelectrofocusing (IEF), the strips 
were equilibrated for 15 min in equilibration buffer con-
taining 10 mg mL-1 Dithiothreitol (DTT), followed by 
15 min in equilibration buffer containing 25 mg mL-1 
iodoacetamide. Then the equilibrated strips were mounted 
on top of vertical 13.5 % sodium dodecyl sulfonate and 
polyacrylamide gels (SDS-PAGE, 18×24 cm) in EttanTM 
DALT II performed by 30 mA per gel. 
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Gel Imaging and Data Analysis 

After migration, the gels were stained with Coomassie 
brilliant blue R-250 and scanned with the Epson Scanner 
with 300 dpi and 24 bit full color. Image Master 2D 
Platinum 6.0 (made by GE Healthcare) were applied to 
analyze image for detecting and matching protein spots 
between the CK and treatment gels at the same time. The 
abundance of each protein spot was estimated by the per-
centage volume (% Vol).Specific spots were described as 
showing variations when their volumes were significantly 
different (at least 2.5-fold in relative abundance at one time 
point). And those spots were identified by MALDI-TOF-
TOF/MS (Note: MALDI-Matrix Assisted Laser Desorption/ 
Ionization, TOF-Time of Flight, MS- Mass Spectrometry).

In-Gel Tryptic Digestion 

Spots of interest were excised from the gels and detained 
in 100 μL buffer containing 50% acetonitrile and 50 mM 
ammonium bicarbonate for 20 min at room temperature. 
Then they were washed twice with ultrapure water and 
shrunk by dehydration in acetonitrile. After removing the 
supernatant, the gel pieces were dried. The samples were 
then swollen in a digestion buffer containing 20mM am-
monium bicarbonate and 12.5 ng / μL Trypsin at 4℃. 
After 30 min incubation, the gels were digested overnight 
at 37℃. Peptides were then extracted twice using 0.1% 
Trifluoroacetic acid (TFA) in 50% acetonitrile (CAN) and 
dried under the protection of N2.

Identification of Proteins by Mass Spectrometry 

For MALDI-TOF/TOF-MS, the tryptic peptides were 
eluted onto the target with 0.7 μl matrix solution (α-cyano
-4-hydroxy-cinnamic acid in 0.1% w/v TFA, 50 % v/v 
ACN) and deposited onto the MALDI target. Before 
inserting samples into the mass spectrometer, they were 
allowed to air to dry at room temperature. The tryptic 
peptides were analyzed with a MALDI-TOF/TOF-MS 4700 
Proteomics Analyzer. Protein identification was performed 

by searching in NCBInr database and using GPS Explorer 
software and MASCOT (Multiple-Access Space-Time Cod-
ing Tested) search engine software. The following search 
parameters were applied: all species, trypsin digest with 
one missing cleavage, PMF(peptide mass fingerprint) tol-
erance of 0.3 Da, MS/MS tolerance of 0.4 Da.

RESULTS AND ANALYSIS

2-DE Analysis of Leave Proteins in Chinese Fir Treated by 
Salicylic Acid 

Proteins were extracted from the leaf samples, respect-
ively, at the 1, 3 and 5th analyzed by 2-DE gel electro-
phoresis as described in “Materials and Methods”. Previous 
experiments (Yang et al, 2007b) revealed that most of the 
Chinese fir leaf proteins were in the 4–7pH and 14.2– 
66.2 k Da range.

Accordingly, IEF was carried out within the 4–7pH range 
and SDS-PAGE using 13.5% polyacrylamide. Approximately 
500 protein spots per gel were revealed by Image Master 
2D Platinum 6.0 software. The proteins were separated 
well in both dimensions and the gel maps with high qual-
ity provided the reference 2-DE maps for Chinese leaf 
proteins. The representative 2-DE maps were shown in 
Fig 1, in which differential protein spots are enlarged in 
Fig 2.

Differential proteomic analysis was used to investigate 
the protein profiles under salicylic acid stress. There were 
not changes in protein accumulation profiles between 
controlled and treated samples. By matching the protein 
spots between the controlled and treatment gels at the 
same treated time, most of differential proteins ranged 
from pH5 to pH6 and located in higher molecular weight 
scope. At the 1st day, twelve spots showed significant 
changes in abundance (img101C and img101T in Fig. 1). 
Six of them were up-regulated (spots 1-6) and seven were 
down-regulated (spots 7-10). Two protein spots were visible 
only in the treated samples, suggesting that they were 
newly synthesized after the treatment or their abundance 
were too low to be detected in the controlled samples. At 
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Fig. 1. 2-DE maps of differentially expressing proteins in Chinese fir leaves at 1st, 3rd, 5th days under salicylic acid stress 
(the number is the sign of each differential protein, the same as in following figures); 101C and 101T, 301C and 301T, 
501C and 501T show the 2-DE gel patterns of controlled and treated groups at 1, 3, and 5th day, respectively.

the 3rd day, seven spots showed significant changes in 
abundance (img301C and img301T in Fig. 1). Spot 7 was 
up-regulated, Spots 4, 13-16 were down-regulated and the 
protein spot 17 vanished in the treated sample. At the 5th 
day, twelve spots showed significant changes in abun-
dance (img501C and img501T in Fig. 1). Four of them were 
up-regulated (spot 18-21) and three were down-regulated 
(spots 22-24), Spot 25 disappeared while spots 26-29 
appeared after 5th day of salicylic acid stress.

The Identification of Responsive Proteins to Salicylic Acid by 
MS/MS

In order to identify the differentially expressed proteins, 
spots were excised from the preparative gels, GPS Ex-
plorer using MASCOT as a search engine against NCBInr 
database. To gain functional information about these 
proteins, BLAST was used to investigate their homologies 
with other proteins in the database. Among the 29 proteins 
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Fig. 2. The partial magnified pictures of the differential proteins Chinese fir leaves at 1, 3, and 5th days under salicylic acid 
stress

resolved from the samples, 13 spots showed no good matches 
while other 16 spots were identified with higher prob-
ability than 78 score (Table 1). The MS analysis of spot 
9 was shown in Fig. 3 as an example. Some of the identified 
proteins were annotated either as unknown and hypothet-
ical proteins, or without specific functions. The identified 
proteins were the following eight categories: (1)33 kDa 
subunit of oxygen evolving system of photosystem II, (2) 
Heat Shock Proteis(HSPs), (3) Peptidylprolyl cis trans 
Isomerase (PPIase), (4). 26S proteaome, (5). Proton shifting 
membrane ATP enzyme (F1 ATPase), (6) Glyceraldehyde
-3-phosphoric acid Dehydrogenase (GAPDH), (7) Micro-

tubule protein, (8) Prolyl tRNA synthetase (ProRS).

DISCUSSION

OEC 33 kDa Subunit

In the hydro cracking and oxygen evolving process of 
photosystem II, 33 kDa subunit is a necessary protein that 
protects the manganese cluster and the oxygen evolving 
complex (OEC). Some experiment have demonstrated that 
Changed environment would lead 33 kDa protein to 
release from the core part in parallel with Mn losing, 
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Table 1. The identification of differentially responsive proteins from Chinese fir leaves, in response to salicylic acids, with 
MALDI-TOF-TOF/MS analysis

Treated
Time

Spot 
No.

Regulated
Type after

Treated

Expressed
Aboundance

(%Vol)
Accession 

No. Homologous Protein Putative
Mr (Da) / pI Organism Protein

Score
Control Treatment

1st
day

1 up 0.0213 0.0582 gi|131386 oxygen-evolving enhancer protein1 (OEE1) 
(33 kDa subunit of oxygen evolving system 
of photosystem II)

35148.9 / 5.58 Spinacia oleracea 232

2 up 0.0415 0.1313 gi|35213280 gsr2711 9980.2 / 5.91 Gloeobacter violaceus 
PCC 7421

 81

4 up 0.0159 0.0544 gi|12580859 glucose regulated protein homolog 4 precursor 48187.7 / 4.83 Picea abies 194

7 up 0.0807 0.0197 gi|68555136 PpiC-type peptidyl-prolyl cis-trans isomerase 54197.2 / 7.88 Ralstonia metallidurans
CH34 

 82

9 down 0.0273 0.0099 gi|51090590 26S proteosome regulatory particle triple-A 
ATPase subunit5a 

47767.6 / 4.94 Oryza sativa 383

11 up － 0.0245 gi|9837422 heat shock protein 90 63241.7 / 5.39 Paramecium tetraurelia 129

12 up － 0.0810 gi|35213280 gsr2711 9980.2 / 5.91 Gloeobacter violaceus 
PCC 7421

 78

3rd 
day

4 down 0.0338 0.0116 gi|12580859 glucose regulated protein homolog 4 precursor 48187.7 / 4.83 Picea abies 194

7 up 0.0170 0.0798 gi|68555136 PpiC-type peptidyl-prolyl cis-trans isomerase 54197.2 / 7.88 Ralstonia 
metallidurans CH34 

 82

14 down 0.0384 0.0088 gi|19256 heat shock protein cognate 70 71242.3 / 5.15 Lycopersicon 
esculentum 

158

15 down 0.0373 0.0125 gi|67595854 hypothetical protein Chro.60634 8336.3 / 8.68 Cryptosporidium 
hominis TU502

 80

17 up 0.0467 － gi|7620557 F1 ATPase alpha subunit Metasequoia 
glyptostroboides

36429 / 6.69 Metasequoia 
glyptostroboides 247

5th 
day

18 up 0.0256 0.0832 gi|37529492 beta-tubulin 3 48165.2 / 5.47 Gossypium hirsutum 234

22 down 0.1580 0.0255 gi|37529490 alpha-tubulin 4 49539.3 / 4.93 Gossypium hirsutum 104

24 down 0.0623 0.0200 gi|1084372 glyceraldehyde-3-phosphate dehydrogenase 52972.3 / 6.53 Pisum sativum 141

26 up － 0.0632 gi|37529490 alpha-tubulin 4 49539.3 / 4.93 Gossypium hirsutum 232

27 up － 0.0706 gi|37529490 alpha-tubulin 4 49539.3 / 4.93 Gossypium hirsutum 152

28 up － 0.1554 gi|71653235 prolyl-tRNA synthetase 91290.1 / 8.46 Trypanosoma cruzi  88

which caused the depressed oxygen evolving activity of 
PSII and inhibition of photosynthesis (Zouni et al., 2001; 
Svensson et al., 2004; Lu et al., 2000; Yamane et al., 
1998; Henmi et al., 2004). In addition, OEC33 is one 
source of carbonic anhydrase (abbreviation: CA) activity 
and requires manganese as a cofactor for maximal CA 
activity. Removing the OEC33 from PSII also removed 
CA activity (Lu et al., 2005). Shutova(Shutova et al., 
1997) found OEC33 has the good resistance to low pH 
value. During the salicylic acid stress period, spot 1 that 
was up-regulated at 1st day was matched with OEC33. 
The increment of OEC33 promoted the stability of core 
complex and the activity of PSII oxygen evolving and 
CA, indicating the photosynthesis intensity and the en-
durance to acid stress. 

HSPs

HSPs have the typical physiological function of mo-
lecular chaperones which help to repair and aid the 
renaturation of stress-damaged protein so as to maintain 
their natural function (Guy et al., 1998; Cho et al., 2006; 
Guy et al., 1998). In addition to temperature, many factors 
such as salt, anoxic conditions, heavy metals, acid toxic, 
nutrition, hormones may also induce heat shock response 
(Wang et al., 2003; Ahsan et al., 2007). But at some 
stress, not all HSPs act the function at the same time and 
the cell resistance to stress conditions is related to special 
stress proteins induced by stress. In the current study, 
three proteins were identified as the differentially expressed 
HSPs in Chinese fir leaves, including Hsp cognate 70 
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Fig. 3. MAIDI－TOF－TOF/ MS spectra of differential protein spot 9 as an example to show the results by using Proteomics 
Analyzer. The spectral peaks in (1) picture showed the intensities of different peptides and the four peptides with the 
most intense spectral peaks were further analyzed by MS/MS which were shown in (2), (3) and (4) pictures.
Note: Spot 9 as an example to show Mascot search results as followed. Search title: SampleSetID: 8338, AnalysisID: 
15676, MaldiWellID: 510519, SpectrumID: 1507822, Path=\zxw\060802\com 1.
Database: Ncbi0603 0603 (3466531 sequences; 1190035678 residues)
Warning: A Peptide summary report will usually give a much clearer picture of MS/MS search results.
Top Score: 383 for gi|1174613, 26S protease regulatory subunit 6A homolog (TAT-binding protein homolog 1) (TBP-1)
Probability Based Mowse Score
Ions score is -10*Log(P), where P is the probability that the observed match is a random event.
Protein scores greater than 78 are significant (p<0.05). 
Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits.

(Hsc 70), Hsp90 and glucose regulated protein homolog 
4 precursor (“function=’’78 kDa, Grp78). Hsc70 and 
Grp78 belong to HSPs70 family and Hsp90 belong to 
HSPs90 family. The unusual proteins are transported to 
endoplasmic reticulum by Grp78 and to be degraded, 
which avoid the further damage to cells. So Grp78 has 
the quality of resistance to cell apoptosis and act as the 
information receptor of cell face (Wang et al., 2005; Li 
et al., 2006; Fu, 2006). Although the study on Grp78 
usually involve in human diseases, those results will help 
the plant Grp78 research. Hsc70 and Hsp90 can repair 
those denatured proteins by stress. Hsc70 combining with 
nascent polypeptides would promote proteins to fold cor-
rectly (Beckmann et al., 1990). Hsp90 can combine the 
wrongly folding proteins and help them to fold again to 
resume the natural conformation finally or promote the 
degradation of denatured proteins (Mayer et al., 1999; 
Yonehara et al., 1996). According to the 2-DE maps, 
Grp78 was up-regulated at 1st day and down-regulated at 
3rd day, Hsc70 was down-regulated at 3rd day and Hsp90 
was up-regulated at 1st day. So they were either up-or 
down-regulated at least one time by treatment, indicating 

that HSPs played the important roles to degrade the 
denatured proteins or rehabilitate their natural structure, 
which assured correct proteins synthesis and prevent cell 
apoptosis. At the same time, maybe HSPs operated the 
response function to phenolic. 

26S Proteasome

The 26S proteasome has similar functions to molecular 
chaperones. In eukaryotic cells, 26S selectively prevents 
the accumulation of non-functional, potentially toxic proteins 
by degrading those folded wrongly or damaged polypeptides. 
This process is of particular importance in protecting cells 
against harsh conditions (for example, heat shock or oxi-
dative stress) (Goldberg, 2003). It is presumed that prote-
olysis may be a self-controlled system during the process 
of cell preventing the harm by stress and its role in plant 
resistance to stress had been revealed. By 2-DE and 
MALDI-TOF-MS technique, Yamazaki (Yamazaki et al., 
2004) identified this proteasome expressed differentially 
under the darkness stress. In this research, 26S proteasome 
was down-regulated at 1st day but not differential at 3 
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and 5th day, which hinted it participated in degrading 
abnormal proteins by salicylic acid treatment. So 26S 
proteasome was supposed to mediate Chinese fir response 
to phenolic acid for its holding back the accumulation of 
toxic proteins by change its expression in operating the 
function. 

Peptidyl-Prolyl Cis-Trans Isomerase

Spot 7 was identified as peptidyl-prolyl cis-trans isom-
erase (PPIase). In peptide chains there are cis and trans 
isomers in the peptide bond between peptide and prolyl. 
Rotamer is one of the limited speed steps in protein 
folding reaction, which is extremely essential for the 
protein to form dimensional structure with the biological 
function activity (Fruman et al., 1994; Rinfret et al., 
1994). In the study, salicylic acid treatment affected 
protein synthesis. PPIase helped the peptide-prolyl of 
target protein to transform between cis-trans and trans-cis 
configuration correctly and decrease the quantity abnormal 
proteins. The identified protein had the highest homologous 
to PPIase of Ralstonia metallidurans CH34 with 82 score. 
Ralstonia metallidurans CH34 is separated and filtrated 
from the sentiment in a zinc factory and possesses high 
ability to degrade phenol. In high concentration of heavy 
metal, it still remained stronger activity to degrade phenol 
(Gao et al., 2005), which hinted that, as the special 
protein induced by phenolic acid treatment, PPIase played 
the key role in remaining the protein’s natural conformation 
and the resistance ability in Chinese fir leaves.

F0F1-ATPase

F0F1-ATPase widely consists in mitochondria, chloroplast 
and bacteria. F0 and F1 co-operate the biological function 
to regulate and maintain pH gradient both inside and 
outside cell. In the study spot 17 was identified as α sub-
unit of F1 ATPase which had the highest homologous to 
the same protein of Metasequoia glyptostroboides with 
247 score.

F0F1-ATPase is the main regulation mechanism of adap-

tation and resistance to acid in bacterial cells (Suzuki et 
al., 2000; Welin, 2003). The more researches on its func-
tion were undertaken about bacteria mainly, especially, 
F-ATPase of streptococcus sanguis (one of the most 
endurace to acid, pathogenic bacteria of decayed tooth) 
had been the emphasis all along for its effective con-
tribution to acid endurace (Kuhnert et al., 2003; Li et al., 
2002). In acid circumstance, F0F1-ATPase induce an acid 
tolerance response of cells by pumping out proton to 
make pH value approach to neutral level, which assured 
that cell could perform the function in cell growth and 
metabolism (Sheng et al., 2006), and at the aspect of 
contribution to aciduricity, F0 acted better than F1 (Cotler 
et al., 2003). Under the salicylic acid stress, it was 
suggested the differential expression of F0F1-ATPase was 
associated with the maintenance of pH homeostasis by H+ 
extrusion, which might be a principal regulation mechanism 
of aciduricity in Chinese fir leaves.

Glyceraldehyde-3-Phosphate Dehydrogenase

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
relating to ATP synthesis closely is one of the necessary 
core enzymes during glycolysis process in cellar respir-
ation, which implements important function in producing 
energy (Pi et al., 2000). The content or activity of GADPH 
and the transcription level of coding genes were sensitive 
to adversity circumstance, for example, the mRNA level 
of GADPH in Arabidopsis thaliana increased 5-10 times 
(Yang, 1993) and the expression content and activity of 
GADPH increased in maize roots (Manjunath et al., 1997) 
under anaerobic treatment. GADPH in the root tips of 
tomato up-regulated under hungry or excessive Fe stress 
(Herbik et al., 1996) and, during the rice grain develop-
ment, GADPH also up-regulated under high temperature, 
which accelerated glycolysis speed and promoted starch 
decomposing (Lin et al., 2005). 

In this study spot 24 was identified as GAPDH which 
remained normal level at 1st and 3rd day and down- 
regulated at 5th day. So we speculated that its differential 
expression was the results that it participated in both 
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photosynthesis and respiration, or salicylic acid stress 
might up-regulate the transcription level but down-regulate 
translation level of GADPH. In addition, GAPDH maybe 
have the function to transcript promoter, help tubulin 
array and induce apoptosis (Berry et al., 2003). The 
complicated situation and the predictions should be 
validated by further researches.

Tubulin

Tubulin is the main component of eukaryotic cyto-
skeleton which is recognized as important elements in 
plant development, being composed of α- and β- tunits. 
Tubulin not only plays main roles at maintaining cellular 
morphology and interior structure but also relates to 
substance transport in cell, cell movement, cell differentia-
tion and development, cell division and reproduction, signal 
transduction, and so on (Hepler et al., 1996; Mitsopoulos 
et al., 2003). Being destroyed Tubulin structure would 
lead to cellular function obstacle and affect on cell lives, 
which induces cell to die. So keeping α- and β- tubulin 
units at appropriate level contributes to normal tubulin 
function.

Tubulin skeleton is sensitive to environment. Low tem-
perature induced tubulin to depolymerize in guard cells of 
stoma and root tip cells of some warm-liking corps such 
as tomato, cucumber and rice, going with the harm to 
plant (Jian et al., 1989). Chu (Chu et al., 1993) also 
reported that β-tubulin expression in Arabidopsis thaliana 
decreased at low temperature. In the research on cold-
resistance of cucumber, the tubulin of root tip in the 
species with weaker resistance depolymerzed earlier, its 
filamentous structure turned to be more unclear even to 
disappear; but the content of resistance species increased 
after cold training (Zhao et al., 2006). But Bongani 
(Bongani et al., 2005) identified that the tubulin protein 
down-regulated under salt stress, which related to mRNA 
of tubulin being suppressed. From above, different plant 
species have various responses to different stress conditions.

Four spots were identified as tubulin that showed dif-
ferential expressions at 5th stress day, including spots 18, 

26 and 27 up-regulated at 1st day but spot 22 down- 
regulated at 3rd day, which were suggested that tubulin 
involved in Chinese fir resistance in response to salicylic 
acid stress by polymerizing and depolymerizing itself.

Amino acyl-tRNA Synthetase

Amino acyl-tRNA synthetase (aaRS) guarantee the gen-
etic information of mRNA to reflect on the amino sequence 
exactly for the single and accuracy to discern amino and 
tRNA, which make the protein synthesize fidelity (Hati et 
al., 2006). In our study, spot 28 was identified as ProRS 
that showed differentially expression at 5th stress day.

In theory, each kind of aaRS corresponds to one kind 
of amino and corresponded tRNA, while later research 
find that ProRS possesses the unusual bi-catalysis charac-
teristic that a single enzyme can attach two different 
amino acids, proline and cysteine, to their cognate tRNA 
species, accordingly, to prevent amino from mismatching 
with tRNA (Stathopoulos et al., 2001; Lipman et al., 
2002). In addition, ProRS often exist as amalgamation 
form with other aaRS, which improve the catalytic effi-
ciency of enzyme (Rho et al., 1999). Such as glutamyl-
prolyl-tRNA synthetase (EPRS), one peptide fragment with 
GluRS and ProRS catalytic activity can catalyse Glu and 
Pro to bind the corresponding tRNA, respectively, which 
elevate the utilization efficiency to tRNA followed by 
elevating protein synthesis. In addition,the complex of 
ProRS and LeuRS increaseD the catalytic efficiency of 
ProRS by five fold while no effect on LeuRS, whose 
interaction improve the aminoacylation function to assure 
the fidelity of protein translation(Practorius-Ibba et al., 
2005).

Although there is not reported about the change of 
aaRS under stress conditions, according to the past research 
on aaRS or aaRS complex, it was suggested that salicylic 
acid stress might lead proteins to hydrolyze followed by 
more dissociative Pro, which induced the increment of 
ProRS synthesis to accelerate ProRS aminoacylation and 
benefit usual protein synthesis.
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CONCLUSION

By using 2-DE coupled with the MALDI-TOF-TOF/MS 
analysis, a total of 16 differential proteins were identified 
in response to salicylic acid stress. These proteins were 
categorized into five types: (1) the proteins involved in 
protein stability and fold, which suggested that salicylic 
acid stress has severe effects on protein denaturation 
and regulation, including 26S proteome, Grp78, Hsp70, 
Hsp90 and PPIase; (2) the proteins involved in photosyn-
thesis and respiration, including OEC 33 kDa subunit, 
GAPDH; (3) the protein related to cell endurance to acid, 
F-ATPase; (4) the protein related to cytoskeleton, tubulin; 
(5) the protein related to protein translation: prolyl-tRNA 
synthetase. These results suggested that Chinese fir coped 
with salicylic acid stress in a complex manner by the 
signal transduction system and interaction system. These 
differential proteins formed to play their roles in the Chi-
nese fir resistance to the stress.

Although, we launch here an initial proteomic investi-
gation into Chinese fir response to salicylic acid stress, it 
is believed that this kind of study provides a good starting 
point in understanding the responses of Chinese fir to 
auto-toxic substance and taking further investigation into 
their functions using genetic and other approaches. With 
the improving protein staining techniques, the sensitivity 
of mass spectrometry and the protein database, future 
work will involve attempting to identify the remaining 
other auto-toxic substances stress-responsive proteins whose 
identities were not successfully established in this study 
could be identified. In addition, further other auto-toxic 
substance treatments and comparative analysis should be 
conducted in order to gain a better understanding for the 
response mechanism or Chinese fir to overall autotoxity.

 

Literature Cited

Ahsan, N., Lee, D.G., Lee, S.H., Kang, K.Y., Lee, J.J., Kim, P.J., 
Yoon, H.S., Kim, J.S. and Lee, B.H. 2007. Excess copper induced 
physiological and proteomic changes in germinating rice seeds. 
Chemosphere 67: 1182–1193.

Beckmann, R.P., Mizzen, L. E. and Welch, W. J. 1990. Interaction 

of Hsp 70 with newly synthesized proteins: implications for 
protein folding and assembly. Science 248(4957): 850-854.

Berry, M.D., Boulton, A.A. 2000. Glyceraldehyde-3-phosphate dehy-
drogenase and apoptosis. J Neurosci Res 60: 150-154.

Bongani, K. N., Stephen C., William, J. S. and Antoni, R.S. 2005. 
Identification of Arabidopsis salt and osmotic stress responsive 
proteins using two-dimensional difference gel electrophoresis and 
mass spectrometry. Proteomics 5: 4185-4196.

Boston, R.S., Viitanen, P.V. and Vierling, E. 1996. Molecular 
chaperones and protein folding in plants. Plant molecular biology 
32(1-2): 191-222.

Bradford, M. M. 1976. A rapid and sensitive method for the 
quantitation of microgram quantities of protein using the prin-
ciple of protein-dye binding. Anal Biochem 72: 248-254.

Cao, G.Q.., Lin, S.Z. and Huang, S.G. 2001. Effects of the ferulic 
acid and cinnamic acid on the germination of Chinese fir seeds. 
Journal of Plant Resources and environment 10(2): 63- 64. (in 
Chinese)

Chen, L.C., Liao, L.P., Wang, S.L., Huang, Z.Q. and Gao, H. 2002a. 
Effect of phenolics on 15N nutrient absorption and distribution 
of Cunninghahia lanceolata. Acta Phytoecologica Sinic 26 (5): 
525-532.(in Chinese)

Chen, L.C., Liao, L.P., Wang, S. L., Huang, Z.Q. and Xiao, F.M. 
2002b. Effect of vanillin and P-hydroxybenzoic acid on physio-
logical characteristics of Chinese fir seedlings. Chinese Journal 
of Applied Ecology 13(10):1291-1294. (in Chinese)

Chen, L.C., Wang, S.L. 2003. Preliminary study of allelopathy of 
root exudates of Chinese fir. Acta Ecologica Sinica 23(2):393-
398. (in Chinese)

Cho, E. K., Hong, C. B. 2006. Over-expression of tobacco NtHSP
70-1 contributes to drought-stress tolerance in plants. Plant cell 
reports 25(4):349-358.

Chu, B., Snustad, D. P. and Cart, J .V. 1993. Alteration of β-tubulin 
gene expression during low-temperature exposure in leaves of 
Arabidopsis thaliana. Plant Physiol. 103:371-377.

Cotler, P.D., Hill, C. and Colin, H. 2003. Surviving the acid test 
responses of gram-positive bacteria to low pH. Micrnbiol MoL 
BioL Rez 67(3): 429- 453.

Damerval, C., De Vienne, D., Zivy, M. and Thiellement, H. 1986. 
Technical improvements in two-dimensional electrophoresis in-
crease the level of benetic variation detected in wheat-seeding 
proteins. Electrophoresis 7: 52-54.

Du, L., Cao, G.Q. and Lin, S.Z. 2003. Allelopathic effect of extractor 
of Chinese-fir rhizosphere soil on germination of Chinese-fir 
seed. Acta Botanica Boreali- Occidentalia Sinica 23(2): 323-327. 
(in Chinese)

Duy, N. V., Mäder, U., Tran, N. P., Cavin, J. F., Tam, L., Albrecht, 
T.D., Hecker, M. and Antelmann, H. 2007. The proteome and 
transcriptome analysis of Bacillus subtilis in response to salicylic 
acid. Proteomics 7: 698-710.

Fruman, D. A., Brurakoff, S. and Bierer, B. E. 1994. Immunophilins 
in protein folding and immunosuppression. FASEB J. 8: 391.

Fu, Y., Lee, A.S. 2006. Glucose regulated proteins in cancer pro-
gression, drug resistance and immunotherapy. Cancer Biol Ther 



Differential Proteomic Analysis of Chinese fir Clone Leaf Response to Salicylic Acid ‧ 93

5(7):741-744.
Gao, Z.X., Ma, H. J. and Zhen, H. 2005. Study on phenol degrad-

ation in Ralstonia metallidurans CH-34. Microbiology 32(1):44-
47.(in Chinese)

Goldberg, A.L. 2003. Protein degradation and protection against 
misfolded or damaged proteins. Nature 426 (6968):895-899.

Guy, C.L., Li, Q.B. 1998. The organization and evolution of the 
spinach stress 70 molecular chaperone gene family. Plant cell 
10(4):539-556.

Hati, S., Ziervogel, B., Sternjohn, J., Wong, F.C., Nagan, M.C., 
Rosen, A.E., Siliciano, P.G. and Chihade, J.W. 2006. Pretransfer 
editing by class II prolyl-tRNA synthetase: role of aminoacylation 
active site in “selective release” of noncognate amino acids. J 
Biol Chem 281: 27862-27872.

He, H.Q., Liang,Y.Y., Shen, L. H., Song, B.Q., Ke, Y.Q., Guo, 
Y.C, Liang, K.J. and Lin, W.X. 2004. Analyzing functional 
proteomics of weed-suppressing effect of allelopathic rice. Journal 
of genetics and genomics 31(9):1018-1023. (in Chinese)

Henmi, T., Miyao, M. and Yamamoto, Y. 2004. Release and 
reactive-oxygen-mediated damage of the oxygen-evolving complex 
subunits of PSⅡ during photoinhibition. Plant Cell Physiol 
45(2): 243-250.

Hepler, P. K., Hush, J. M. 1996. Behavior of microtubules in living 
plant cells. Plant Physiol 112: 455-461.

Herbik, A., Giritch, A., Horstmann, C., Becker, R., Balzer, H.J., 
Baeumlein, H. and Stephan, U.W. 1996. Iron and copper nutrition-
dependent changes in protein expression in a tomato wild type 
and the nicotianamine-free mutant chloronerva.Plant Physiol 
111(2):533-540.

Jian, L. C., Sun, L.H. and Lin, Z. P. 1989. Study on the rela-
tionship between cold stability of microtubules and freezing 
tolerance of plant. Acta Botanica Sinica 31,737-747.(in Chinese)

Kuhnert, W. L., Quivery, R. G. 2003. Genetic and biochemical char-
acterization of the F-ATPase operon from Streptococcus sanguis 
10904. J Bacteriol 185(5): 1525-1533.

Li, J., Lee, A.S. 2006. Stress induction of GRP78/BiP and its role 
in cancer. Curr Mol Med 6(1), 45-54.

Lin, S.K., Chang, M. C., Tsai, Y.G. and Lur H.S. 2005. Proteomic 
analysis of the expression of proteins related to rice quality 
during caryopsis development and the effect of high temperature 
on expression. Proteomics 5(8): 2140-2156.

Lin, S.Z, Cao, G.Q., Huang, S.G., You, H.M. and Huang, Z.Q. 
2003. Changes of the chlorophyll content, membranous permea-
bility and stoma of Chinese fir treated by aqueous extracts of 
several source plants. Chinese Journal of Ecological Agriculture 
11(3): 29-31 (in Chinese) 

Lin, S.Z., Huang, S.G., Cao, G.Q., and Hunag, Z.Q. 1999. Auto-
intoxication of Chinese fir. Chinese Journal of Applied Ecology, 
10(6): 661-664 (in Chinese)

Lipman, R.S., Beuning, P.J., Musier-Forsyth, K. and Hou, H,M. 
2002. Amino acid activation of a dual-specificity tRNA synthetase 
is independent of tRNA. J Mol Bio 316(3): 421-427.

Lu,C.M., Zhang, J.H. 2000. Heat-induced multiple effects on PSII 
in wheat plants. J Plant Physiol 156:259-265.

Lu, Y.K., Theg, S.M.and Stemler, A. J. 2005. Carbonic anhydrase 
activity of the photosystem ii oec33 protein from pea. Plant Cell 
Physiol 46, 1944-1953.

Ma, X Q, Liu, A. Q. and Huang, B. L. 2000. A study on self-
poisoning efects of Chinese fir plantation. Journal of Nanjing 
Forestry University 24(1), 12-16. (in Chinese)

Ma, Y.Q, Liu, G.Y. 1998. Effect of vanillin on the growth of 
Chinese fir (Cunningghamia lanceolata) seedlings. Chinese Journal 
of Aapplied Ecology 9(2): 128-132. (in Chinese)

Manjunath, S., Sachs, M. M.1997. Molecular characterization and 
promoter analysis of the maize cytosolic glyceraldehydes-3- 
phosphate dehydrogenase gene family and its expression during 
anoxia. Plant Mol Bio1 33: 97-ll2.

Mayer, M. P., Bukau, B. 1999. Molecular chaperones: The busy life 
of Hsp90. Curr Biol 9:322-325.

Mitsopoulos, C., Zihni C., Garg R., Ridley, A. J. and Morris, J. D. 
H. 2003. The prostate-derived sterile 20-like kinase (PSK) regulates 
microtubule organization and stability. J Biol Chem 278: 18085-
18091. 

Pi, R. B., Yan, G. 2000. Glyceraldehyde-3-phosphate Dehydrogenase 
Neuronal Apoptosis. Chinese Journal of Neuroscience 16(1): 73-
75 (in Chinese)

Practorius-Ibba, M, Rogers, T. E,. Samson, R., Kelman, Z.and Ibba, 
M. 2005. Association between Archaeal prolyl- and leucyl-tRNA 
synthetases enhances tRNA(Pro) aminoacylation. J Biol Chem 
280: 26099-27104.

Rho S B, Kim M J, Lee J S, Seol, W., Motegi, H., Kim, S. and 
Shiba, K. 1999. Genetic dissection of protein interaction in multi-
tRNA synthetase complex. Proc Natl Acad Sci USA 96(8): 
4488-4493

Rinfret, A., Collins, C., Menard, R. and Anderson, S. K. 1994. The 
N-terminal cyclophilin-homologous domain of a 150-kilodalton 
tumor recognition molecule exhibits both peptidylprolyl cis-trans-
isomerase and chaperone activities. Biochemistry 33:1668.

Sheng, J., Marpuis, R. E. 2006. Enhanced acid resistance of oral 
streptococci at lethal pH values associated with acid-tolerant 
catabolism and with ATP synthase activity. FEMS Microbiol 
Lett 262(1): 93-98.

Shutova, T., Irrgang, K.D., Shubin, V., Klimov, V.V. and Renger, G.. 
1997. Analysis of pH-induced structural changes of the isolated 
extrinsic 33 kilodalton protein of photosystem II. Biochemistry 
36: 6350-6358.

Stathopoulos, C., Kim, W. D., Li, T., Anderson, L., Deutsch, B., 
Palioura, S., Whitman, W. and Söll, D.2001. Cysteinyl-tRNA 
synthetase is not essential for viability of the archaeon Methanococcus 
maripaludis. Proc Natl Acad Sci USA, 98:14292–14297.

Suzuki, T., Tagami, J. and Hanada, N. 2000. Role of F1F0-ATPase 
in the browth of Streptococcus mutants GS5. J Appl Microbiol 
88: 555-562.

Svensson, B., Tiede, D. M., Nelson, D. R. and Barry, B.A. 2004. 
Structural studies of the manganese stabilizing subunit in pho-
tosystem II. Biophysical Journal 86:1807-1812.

Wang,Q., He, Z., Zhang, J., Wang, Y., Wang, T., Tong, S. and 
Wang, L. 2005. Over expression of endoplasmic reticulum mo-



94 ‧ Journal of Forest Science

lecular chaperone GRP94 and GRP78 in human lung cancer 
tissues and its significance. Cancer Detect Prev 29(6): 544-551.

Wang, S.L., Chen, L,C., Liao, L.P. and Huang, Z.Q. 2002. Effects 
of three kinds of allelochemicals on growth of Chinese fir 
seedlings. Chinese Journal of Applied and Environmental Biol-
ogy 8 (6): 588-591(in Chinese)

Wang, W., Vinocur, B., and Altman, A. 2003. Plant responses to 
drought, salinity and extreme temperatures, Towards genetic 
engineering for stress tolerance. Planta 218: 1-14.

Welin, J., Wilkins, J.C., Beighton, D. and Svensäter, G. 2003. Ef-
fect of acid shock on protein expression by biofilm cells of 
Streptococcus mutans. TEMS Microbiol Lett 227: 287-293. 

Yamane, Y., Kashino, Y., Koike, H. and Satoh, K. 1998. Effects 
of high temperatures on the photosynthetic systems in spinach, 
oxygen-evolving activities, fluorescence characteristics and the 
denaturation process. Photosynthesis Research 57: 51-59. 

Yamazaki, D., Motohashi, K., Kasama, T., Hara,Y. and Hisabori, 
T. 2004. Target proteins of the cytosolic thioredoxins in 
Arabidopsis thaliana. Plant Cell Physiol 45(1):18-27.

Zhen, Y., Qi, J.L., Wang, S. S., Su, J., Xu, G.H., Zhang, M.S., 
Miao, L., Peng, X.X., Tian, D.C. and Yang, Y.H. 2007. Com-
parative proteome analysis of differentially expressed proteins 
induced by Al toxicity in soybean. Physiologia Plantarum 131: 
542-554.

Yang, M., Chen, W., Lin, S.Z. and Cao, G.Q. 2007b. Optimization 
of two-dimensional polyacrylamide gel electrophoresis for proteome 
of Chinese fir leaves. Journal of Tropical and Subtropical Botany 
15(5): 438-442.(in Chinese)

Yang, M., Lin, S.Z., Huang, Y.H., and Cao, G.Q. 2006. Allelopathic 
Effects of salicylic acid stress on membrane lipid peroxidation 
and osmosis-regulating substances in different Chinese fir clones. 
Acta Botanica Boreali-Occidentalia Sinica, 26(10): 2088-2093. 
(in Chinese)

Yang, M., Lin, S.Z., Huang, Y.H., Ji, M. and Cao, G.Q. 2007a. 
Variation characteristics of free amino acids in Chinese fir leaves 
under salicylic acid stress. Journal of Northeast Forestry Uni-
versity 35(2): 40-41, 63. (in Chinese)

Yang, Y., Kwon, H.B., Peng, H.P. and Shih, M.C. 1993. Stress 
responses and metabolic regulation of glyceraldehydes-3-phosphate 
dehydrogenase genes in Arabidopsis. Plant Physiol 101, 209-216.

Yonehara, M., Minami, Y., Kawata, Y., Nagai, J. and Yahara, I. 
1996. Heat-induced chaperone activity of HSP90. Journal of 
Biological Chemistry 271 (5): 2641-2645.

Zhang, J.W., Deng, S. J., Liao, L. P. and Gao, H. 1994. Influence 
of repeatedly planting soil on Cunninghaimia lanceolata sapling 
growth. Chinese Journal of Applied Ecology 5(4): 241-244.(in 
Chinese)

Zhao, J.L., Zhao, Z. J. and Zhang, H. 2006. Relationship between 
freezing tolerance of root-tip cells and cold stability of microtubules 
and tubulin in cucumber. Journal of Hebei University (Natural 
Science Edition) 26(2):188-192.(in Chinese)

Zouni, A., Witt, H.T, Kern, J., Fromme, P., Krauss, N., Saenger, W. 
and Orth, P. 2001. Crystal structure of photosystem II from 
synechococcus elongatus at 3.8Å resolution. Nature 409(6821): 
739-743.

(Received August 17, 2010; Accepted September 25, 2010)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


