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海绵 Spongia sp.中一个新的 D 环为吡啶环的降海绵烷型二萜 

梁咏倩†,a,b    廖小建†,a    凌  珑 a    杨雅婷 a 
赵冰心*,a    徐石海*,a 

(a暨南大学化学与材料学院  广州 510632) 
(b广东药科大学药学院  广州 510006) 

摘要  在对一种 Spongia 属海绵的化学成分研究中, 分离得到一个新的降海绵烷型二萜 dinorspongiapyridine (1)和四个

已知化合物 2～5. 通过核磁共振波谱、单晶 X-ray 衍射以及对比文献的方法, 确定了这些化合物的结构及其绝对构型. 
化合物 1 是首次发现的 D 环为吡啶环的 3,4-裂环-3,19-双降海绵烷型二萜类化合物, 并对其细胞毒活性进行了测试. 此
外, 对化合物 1 的生物合成途径也进行了探讨.  
关键词  海绵; Spongia; 降海绵烷型二萜; 吡啶环 

A New Dinorspongian Diterpene with Pyridyl D-Ring from the  
Marine Sponge Spongia sp. 

Liang, Yongqian†,a,b    Liao, Xiaojian†,a    Ling, Longa    Yang, Yatinga 
Zhao, Bingxin*,a    Xu, Shihai*,a 

(a College of Chemistry and Materials Science, Jinan University, Guangzhou 510632) 
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Abstract  Chemical investigation of the marine sponge Spongia sp. led to a new dinorspongian diterpene dinorspongia-
pyridine (1) together with four known compounds 2～5. Compound 1 was the first instance of 3,4-seco-3,19-dinorspongian 
diterpene bearing a rare pyridyl D-ring system. The structure with absolute configuration of 1 was elucidated by the methods of 
NMR and X-ray diffraction. In addition, the cytotoxic activities against several cancer cell lines of 1 were evaluated. The plau-
sible biogenetic pathway of 1 was also proposed. 
Keywords  sponge; Spongia; dinorspongian diterpene; pyridyl ring  

 

1  Introduction 
Marine organism was a rich source of bioactive mole-

cules with diverse structures.[1] Spongian diterpenes were 
the special metabolites isolated from the marine sponges of 
the orders Dictyoceratida and Dendroceratida as well as 
the sponge predator nudibranchs.[2] Usually, these com-
pounds featured a 6/6/6/5 tetracyclic skeleton (A/B/C/D 
ring system), containing a furan, γ-lactone or γ-lactam ring 
in D-ring,[3] some of which displayed cytotoxic,[4] antimi-
crobial[5] and anti-inflammatory[6] activities. Notably, only 

five spongian diterpenes with rare pyridyl D-ring[7] had 
been isolated so far. Condensation with glycine might be 
the key process in the pyrigyl D-ring biosynthesis. The 
unique structures and biological activities of spongian 
diterpenes had engaged the interest of chemists and biolo-
gists. 

In our previous chemical investigation of the marine 
sponge Spongia sp., a series of novel spongian diterpenes 
with unprecedented skeletons had been isolated.[8] In the 
course of our continue study of this sponge, a new dinor-
spongian diterpene, dinorspongiapyridine (1), together 
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with four known alkaloids 2～5 had been isolated from the 
marine sponge Spongia sp. (Figure 1). Compound 1 was 
the first example of 3,4-seco-3,19-dinorspongian diterpene 
bearing a rare pyridyl D-ring system. Herein, the details of 
the isolation, structural elucidation and biological evalua-
tion of 1 were described. In addition, the cytotoxic activity 
as well as plausible biosynthetic pathway of 1 were also 
discussed. 
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Figure 1  Chemical structures of 1～5 

2  Results and discussion 
Dinorspongiapyridine (1) was isolated as colorless 

blocks (CH3OH), m.p. 353～354 ℃, 25
D[ ]α －34.5 (c 0.52, 

CH3OH). The molecular formula of 1 was deduced as 
C19H23NO5 by the HR-ESI-MS (m/z 346.1651 [M＋H]＋, 
calcd for C19H24NO5 346.1649). The analysis of 1H NMR 
and 13C NMR spectra supposed that 1 possessed 19 car-
bons, including three carbonyls (δC 214.1, 199.5 and 
175.6), five aromatic carbons [δH 8.70 (s), 8.58 (d, J＝2.1 
Hz) and 7.79 (d, J＝2.1 Hz); δC 149.7, 148.6, 145.7, 139.3 
and 120.2], two quaternary carbons (δC 43.2 and 40.3), two 
methines (δH 3.24 and 2.49; δC 56.6 and 46.8), five me-
thenes [δH 4.00 (d, J＝11.1 Hz), 3.81 (d, J＝11.1 Hz), 3.10 
(d, J＝14.1 Hz), 3.03 (d, J＝14.1 Hz), 2.79, 2.46, 2.33, 
2.00, 1.92 and 1.59; δC 65.8, 44.4, 36.1, 33.4 and 22.8] and 
two methyls [δH 2.28 (s) and 1.23 (s); δC 31.8 and 19.1]. 
The above data were similar to those of dinorspongian 
A,(8b) which suggested that 1 might also be a dinorspongian 
diterpene. The 1H NMR and 13C NMR data of 1 were 
shown in Table 1. 

In the 1H-1H COSY spectrum, three spin coupling sys-
tems were observed (Figure 2). The HMBC correlations 
from H-6a to C-10, from H-9 to C-5/C-7/C-12/C-14/C-17/ 
C-20, from H-11 to C-10/C-12, from H-17 to C-14 as well 
as from H-20 to C-5 revealed the B/C ring systems in the 
spongian diterpenes skeleton. Moreover, the HMBC corre-
lations from H-1 to C-2, from H-5 to C-4, from H-9 to C-1, 
from H-18 to C-4/C-5 and from H-20 to C-1, indicated that 
the fragments of acetic acid and acetyl group were attached 
at C-10 and C-5, respectively. Combining the molecular 
formula information, a set of HMBC correlations between 
H-15 and C-8/C-13, between H-16 and C-13/C-15 as well 
as between H-16a and C-12/C-14, suggested that the 
D-ring was a pyridyl ring unit fused at the C-13―C-14 
bond of the C-ring. Thus, the planar structure of 1 was elu-
cidated (Figure 2). 

Table 1  1H NMR (300 MHz) and 13C NMR (75 MHz) data of 1 
in CD3OD (δ, J in Hz)a 

No. δH δC 

1 a, 2.46 44.4 
b, 2.33  

2 — 175.6 
4 — 214.1 
5 3.24 56.6 

6 a, 2.04～2.00 (m) 22.8 
b, 2.00～1.84 (m)  

7 a, 2.76 (dt, J＝13.5, 3.3 Hz) 33.4 
b, 1.59 (td, J＝13.5, 5.1 Hz)  

8 — 43.2 
9 2.49 (dd, J＝14.1, 3.6 Hz) 46.8 

10 — 40.3 

11 a, 3.10 (dd, J＝18.3, 14.1 Hz) 36.1 
b, 2.47  

12 — 199.5 
13 — 139.3 
14 — 145.7 
15 8.70 (s) 149.7 
16 8.58 (d, J＝2.1 Hz) 148.6 
16 7.79 (d, J＝2.1 Hz) 120.2 

17 a, 4.00 (d, J＝11.1 Hz) 65.8 
b, 3.81 (d, J＝11.1 Hz)  

18 2.28 (s) 31.8 
20 1.23 (s) 19.1 

a Overlapped signals are reported without designating multiplicity. 
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Figure 2  Key 1H-1H COSY and HMBC correlations of 1 

In the NOESY spectrum of 1, the correlations between 
H-20 and H-17/H-18 indicated that these protons had the 
same orientation. Meanwhile, the NOE correlations be-
tween H-5 and H-1b/H-9 suggested that these protons were 
in the opposite orientation to those mentioned above (Fig-
ure 3). Thus, the relative configuration of 1 was elucidated. 
The absolute configuration of 1 was determined by X-ray 
diffraction analysis (Figure 4). The refinement on Cu Kα  

 

Figure 3  Key NOE correlations of 1 
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Figure 4  X-ray structure of 1 

data in a good Flack parameter of 0.00(4) supported the 
absolute configuration of 1 as 5R,8S,9R,10R. 

A plausible biosynthetic pathway of 1 was also pro-
posed. Basing on the basic skeleton of a spongian diter-
pene, the intermediate a was obtained by oxidation, which 
was condensed with glycine to yield intermediate b. Then, 
b went through dehydration, oxidation and decarboxylation 
to generate the known compound spongiapyridine.[7a] Fi-
nally, 1 was formed by oxidation and decarboxylation of 
spongiapyridine[8b] (Scheme 1). 
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Scheme 1  Plausible biogenetic pathway of 1 

The four known compounds were identified as 1H-in-
dole-3-carbaldehyde,[9] 1H-indole-3-carboxylic acid,[10] 
1H-indole-3-carboxylic acid acetate[11] and indazole[12] by 
comparing the spectroscopic data with those of the report-
ed literatures. Cytotoxicity of 1 was evaluated against 
K562, A549, Hela, HT29, SK-BR-3 and Huh7 cancer cell 
lines. However, 1 showed no anti-proliferative effects on 
these carcinoma cells with a concentration of 50 μmol/L. 

3  Conclusions 
A new dinorspongian diterpene dinorspongiapyridine 

(1), together with four known compounds 2～5, were iso-

lated from the marine sponge Spongia sp.. Compound 1 
was the first instance of 3,4-seco-3,19-dinorspongian 
diterpene bearing a rare pyridyl D-ring system. The plausi-
ble biogenetic pathway of 1 was proposed, which suggest-
ed that the rare pyridyl D-ring was formed by the basic 
skeleton of a spongian diterpene condensed with glycine. 
In addition, the cytotoxic activities against several cancer 
cell lines of 1 were evaluated, which exhibited no anti- 
proliferative effects. 

4  Experimental section 
4.1  General experimental procedures 

UV spectrum were measured in CH3OH on a Shimadzu 
UV-3600 Plus spectrometer. Termo Nicolet iS 50 FT-IR 
apparatus was used to detect IR spectrum. HR-ESI-MS 
data were carried out on an Agilent 6210 LC-ESI-Q/TOF 
mass spectrometer. The 1D and 2D NMR data were ac-
quired by Bruker AV 300 NMR spectrometers. JASCO 
P-2000 Digital Polarimeter was used for the measurement 
of optical rotations. Preparative HPLC was performed on 
Beijing Tongchuang apparatus equipped with C18 reversed- 
phase column (Cosmosil C18-MS-II column, 5 μm, 20  
mm×250 mm). Column chromatography was conducted 
with silica gel (300～400 mesh, Qingdao Haiyang Chemi-
cal Co., Qingdao, China) and Sephadex LH-20 (GE 
Healthcare, American). Thin-layer chromatography (TLC) 
was performed on silica gel plates (GF-254, Jiangyou Sili-
ca Gel Development, Inc., Yantai, China). 
4.2  Material 

The sponge Spongia sp. was collected from Zhanjiang, 
Guangdong Province, P. R. China, in 2016. It was identi-
fied by Prof. Shi-Hai Xu (Jinan University). A voucher 
specimen (No. 2016-05A) was deposited in the Depart-
ment of Chemistry, College of Chemistry and Materials 
Science, Jinan University, Guangzhou, P. R. China. 
4.3  Extraction and isolation 

The sponge Spongia sp. (wet 8 kg) was extracted with 
95% ethanol. The crude extract was sequentially parti-
tioned with petroleum ether, chloroform and n-butanol. 
The n-butanol extract (15.0 g) fractionated with a silica gel 
column using a CHCl3/CH3OH gradient system and was 
separated into 10 (Frs. 1～10). 4 fractions (Frs. 2-1～2-4) 
was attained from the Fr. 2 (830.0 mg) by silica gel column 
eluted with CHCl3/CH3OH. Fr. 2-2 (230.2 mg) was applied 
to Sephadex LH-20 column with CH2Cl2/CH3OH (V∶V＝
1∶1) to afford 4 fractions (Frs. 2-2-1～2-2-4). Com-
pounds 2 (2.2 mg) and 4 (2.5 mg) were purified from frac-
tion Fr. 2-2-1 (126.4 mg) by semipreparative HPLC using 
methanol/water (V∶V＝35∶65) as mobile phase at a flow 
rate of 6.0 mL/min and with a C18 reversed-phase column. 
Meanwhile, 5 (2.3 mg) was obtained from Fr. 2-2-4 (98.3 
mg) by preparative HPLC using methanol/wate (V∶V＝
40∶60) at a flow rate of 6 mL/min. Fr. 4 (1.8 g) submitted 
to silica gel chromatographic column of CHCl3/CH3OH 
gradient system to give 4 fractions (Frs. 4-1～4-4). Com-
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pound 3 (3.1 mg) was isolated from Fr. 4-1 (88.6 mg) by 
preparative HPLC [6 mL/min, V(CH3OH)∶V(H2O)＝
40∶60]. Fr. 5 (1.5 g) yielded 3 fractions (Frs. 5-1～Fr. 
5-3) by using silica gel column eluted with CHCl3/CH3OH. 
Fr. 5-1 (384.2 mg) was submitted to a Sephadex LH-20 
column chromatographic column by binary mixtures of 
CHCl3/CH3OH (V∶V＝1∶1) give 4 subfractions (Frs. 
5-1-1～5-1-4). Compound 1 (2.1 mg) was purified from 
fraction Fr. 5-1-2 (110.4 mg) by using methanol/water 
(V∶V＝32∶68) as mobile phase at semipreparative 
HPLC with a flow rate of 6.0 mL/min. 

Dinorspongiapyridine (1): Colorless blocks (CH3OH), 
m.p. 353～354 ℃; 25

D[ ]α －34.5 (c 0.52, CH3OH); UV 
(CH3OH) λmax: 215 nm; 1H NMR and 13C NMR data see 
Table 1; IR νmax: 3391, 1692, 1562, 1358, 1416, 1041, 626 
cm － 1; HR-ESI-MS calcd for C19H24NO5 [M ＋ H] ＋ 
346.1649, found 346.1651. 

 
Supporting Information  The X-ray crystallographic 
analysis as well as the cytotoxicity activity method.. 
HR-ESI-MS, IR, UV, 1D, and 2D NMR spectra of com-
pound 1. The Supporting information is available free of 
charge via the Internet at http://sioc- journal.cn/. 

References 
[1] (a) Liu, L.; Zheng, Y.-Y.; Shao, C.-L.; Wang, C.-Y. Mar. Life Sci. 

Technol. 2019, 1, 60.  
(b) Peng, X.-Y; Wu, J.-T; Shao, C.-L.; Li, Z.-Y.; Chen, M.; Wang, 
C.-Y. Mar. Life Sci. Technol. 2021, 3, 363. 

[2] (a) Gunasekera, S. P.; Schmitz, F. J. J. Org. Chem. 1991, 56, 1250. 
(b) Kernan, M. R.; Cambie, R. C.; Bergquist, P. R. J. Nat. Prod. 
1990, 53, 724. 

(c) Dilip De Silva, E.; Morris, S. A.; Miao, S.; Dumdei, E.; Ander-
sen, R. J. J. Nat. Prod. 1991, 54, 993. 

[3] (a) El-Desoky, A. H.; Kato, H.; Angkouw, E. D.; Mangindaan, R. E. 
P.; de Voogd, N. J.; Tsukamoto, S. J. Nat. Prod. 2016, 79, 1922. 
(b) Han, G.-Y.; Sun, D.-Y.; Liang, L.-F.; Yao, L.-G.; Chen, K.-X.; 
Guo, Y.-W. Fitoterapia 2018, 127, 159. 
(c) Ramirez, M. C. A.; Williams, D. E.; Gubiani, J. R.; Parra, L. L. 
L.; Santos, M. F. C.; Ferreira, D. D.; Mesquita, J. T.; Tempone, A. 
G.; Ferreira, A. G.; Padula, A. G.; Hajdu, E.; Andersen, R. J.; Ber-
linck, R. G. S. J. Nat. Prod. 2017, 80, 720. 

[4] Miyamoto, T.; Sakamoto, K.; Arao, K.; Komori, T.; Higuchi, R.; 
Sasaki, T. Tetrahedron 1996, 52, 8187. 

[5] Bobzin, S. C.; Faulkner, D. J. J. Nat. Prod. 1991, 54, 225. 
[6] Keyzers, R.; Northcote, P.; Zubkov, O. Eur. J. Org. Chem. 2004, 

2004, 419. 
[7] (a) Parrish, S. M.; Yoshida, W. Y.; Kondratyuk, T. P.; Park, E.; Pez-

zuto, J. M.; Kelly, M.; Williams, P. G. J. Nat. Prod. 2014, 77, 1644. 
(b) De Marino, S.; Iorizzi, M.; Zollo, F.; Debitus, C.; Menou, J.; 
Ospina, L. F.; Alcaraz, M. J.; Payá, M. J. Nat. Prod. 2000, 63, 322. 

[8] (a) Liang, Y.-Q.; Liao, X.-J.; Lin, J.-L.; Xu, W.; Chen, G.-D.; Zhao, 
B.-X.; Xu, S. H. Tetrahedron 2019, 75, 3802. 
(b) Liang, Y.-Q.; Liao, X.-J.; Zhao, B.-X.; Xu, S. H. Org. Chem. 
Front. 2020, 20, 3253. 

[9] Li, X.; Song, S.-J.; Pu, S.-J. Dong, T.; Lin, H.-W. Chin. J. Mar. 
Drugs 2009, 28, 21 (in Chinese).  
(厉学, 宋少江, 朴淑娟, 董涛, 林厚文, 中国海洋药物, 2009, 
28, 21.) 

[10] Liu, Y.; Ouyang, F.; Yu, H.-Y.; Li, L.; Wang, N.-L.; Yao, X.-S. Chin. 
J. Med. Chem. 2009, 19, 273 (in Chinese). 
(刘远, 欧阳富, 于海洋, 李利, 王乃利, 姚新生, 中国药物化学

杂志, 2009, 19, 273.) 
[11] Wang, R.-P.; Lin, H.-W.; Li, L.-Z.; Gao, P.-Y.; Xu, Y.; Song, S.-J. 

Biochem. Syst. Ecol. 2012, 43, 210. 
[12] Yuan, P.-L.; Wang, X.-P.; Chen, K.-X.; Li, Y.-M.; Jia, Q. Chin. 

Tradit. Pat. Med. 2016, 38, 104 (in Chinese). 
(袁谱龙, 王雪萍, 陈凯先, 李医明, 贾琦, 中成药, 2016, 38, 
104.) 

(Cheng, F.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 600
  /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 600
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


