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Capillary Electrophoresis of DNA in Hydroxyethylcellulose
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Abstract Using hydroxyethylcellulose (HEC) solution as polymer matrix, this work systematically studied the separation
performance of 100 base pairs (bp) DNA ladder (100~1500 bp) by direct current electric field capillary electrophoresis
(CE). In the present paper, we systematically investigated the influence of polymer concentration and molecular weight of
HEC, electric field strength (E), the effective length (/,) and the shape of the capillary, the temperature of the background
electrolyte (BGE) on the separation performance of DNA. Furthermore, we compared the migration of DNA in polymer with
the non-gel sieving model. Results show that: (1) When the concentration of HEC is above the entangled threshold c*, the
mobility difference increases with the growth of molecular weight, whereas the mobility of DNA decreases with the rise of
concentration of HEC. (2) The resolution of adjacent DNA fragments linearly increases with the effective length (/) of the
capillary when /, ranges from 4 to 12 cm. (3) The mobility of DNA increases with the growth of area ratio R (Siaerat/Ssection)s
and thus the separation performance improves. (4) The increase of BGE temperature strengthens the diffusion effect of DNA,
thus increases the mobility, and deteriorates the resolution. Based on the results above, we separated the ¢ X 174-Hirc 11 di-
gest by CE in an optimal electrophoretic condition. Experiment shows that rapid separation of ¢ X 174-Hirc II digest was
realized with high resolution. In our experiment, the fused-silica capillary is coated by acrylamide, and the background elec-
trolyte (BGE) used for the sieving matrix contains 0.5 X Tris-borate-EDTA (TBE) and 1 X SYBR Green 1. The DNA sample
was injected for 2.0 s at an E of 100 V/cm. The self-build CE device involved is reliable and showed some remarkable
achievements previously. Such a study is beneficial to the realization of rapid and effective separation of DNA, and allows
deep insight into DNA migration in the polymer matrix under constant electric field.
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Figure 1 The effect of molecular weight of HEC on the separation performance of DNA by CE, (a) mobility vs. DNA size; (b) resolution vs. DNA size
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Figure 3 The effect of electric field strength on the migration time of DNA in: (a) 0.15% HEC; (b) 0.7% HEC; and the resolution of DNA in (c) 0.15%
HEC; (d) 0.7% HEC. The molecular weight of HEC is 1300 k, and other conditions are the same as those in Figure 1

Acta Chim. Sinica 2013, 71,265—270 © 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences 267

http://sioc-journal.cn



W F F R

TAERAATIZ N, R D) FA5ki a3 g v fg
FURGEE n BUELG: F=nv, HHRER g MR FAE R E R
FHTRBEIBVER S Fe=qE, 47 k14 ik
NEFRE)R: F=Fg, W v=qE/y, S&H8w ]
G

t=In/gE (3)
3a, 3b MWL T TG AE TIER I a] ¢ FIIg 0 E 2
] (1) 26 3.

K 3¢, 3d Bos THLI% 80 Viem F, 7£ 0.15%55 0.7%
AN HEC 405 F vk 70 25 DNA BN 23 25 .
25K W (1) HEC K BEAAIK(0.15%) I, HL 37 5 B2 A
40~80 V/em N4y FE Rl A FL I 5m 5 ) s R, 78
80~ 140 V/em PN 73 &5 5 Bl FEL 37 50 B T = b (2)
HEC WJZH5(0.7%) 1, /T 500 bp DNA J Bty 245
B 37 AR IR B, KT 500 bp DNA FBE4»
25 15 B L 37 5 T s B URAk, SER R L DNA H
VKU 5 Bt G A o S ORI AR %, IX & (1)
Wyl 8K, DNA E BN WIER MG, QBRI
FEAE IR S AN P (1) U OB T, PR R, T
JIE PN 7= A T £ EERGBR O, AT S MRS PR RS BE AT, A By
MR ZEFE DNA 240 B R0 1 R 4%, M
DNA HLyKIEAR A,

24 EMEBRMIKEX DNA 2 ERIF N

FADRGL T, i kLA EH T isghiny, 45
Yyt g —, WILTBEE —¢. B ik DNA Y,
FEAH ) B0 o0 A R, 5 B A B ) v 3 e —
5E , DNA I K25 73 25 BE BB A0 A 0K B O R n 1]
4 Fs. BRI (D) BMEG KA, X T/
7300 bp ) DNA Jr B, HaiAEJLFESAE—E, M
I KT 300 bp 1 DNA F B, L EZERROK, X
Al fEAE T DNA TEFf 20/ 5 s 8 A & — N i
123), HT DNA 754N A EAER, KBRS
BRI, IF HIXFPARE B — 2 (Rl AL
PE, SRS IR R AR A s g, T2
FEAN RIS B BT A5 PR S O HE — 2 I B LM 21k, (2)
XFF R 2HAHAR I DNA F B, L7 2 Rl B 445 51
K 1, IR T . X B il TR Wit F %)
SRS —E, AR, AHARE)—41 DNA v B
JE e, B KK, TR, PR A
ZBZH 5> DNA [R] [0 E (1T A% B[] X O 2 ) th i A 5
25 EMEARZEMIKI DNA 5 ERIF M0

K 5 WoR T B ke, Heseg &z,
DNA 7 BB E N TR C R, AEARSK
g b, FRATTAE I T 40 BT 43 0l 4 [ JE (Cirele) A
1EJ5 e (Square), oA [R] JE 48 1 B 40 5 11 W A2(1L.D.) 20 51
975 um 5 50 pum, 1EJ7 AR B0 AR KR
50 um. ZHEEATE, ME AR S AT A EL R 7 R7s un circle

268  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

X10°

1.8+

N
(S}
1

Mobility/(m? « V' + s)
o
1

0.9+

T T T T T T T 1
0 400 800 1200 1600

DNA size/bp
b
The adjacent DNA
16+ size/(kbp/kbp)
= 0.2/0.3
O 0.3/0.4
12 A 0.5/0.6
5 | v 0.9/1.0
3
o
@ 84
4 4
4 v
A
A . v
v
0 T T T T T T T
4 6 8 10 12
I/em

B4 BMEABICEA DNA 73 BRI @M, (b))
0.3% HEC(1300 k), HAbszug404-5E 1 —3

Figure 4 The effect of effective length /, on the separation performance
of DNA by CE: (a) mobility vs. DNA size; (b) resolution vs. /. The
concentration of HEC (1300 k) is 0.3%, and other conditions are the same
as those in Figure 1

<R50 um circle <R50 ym square: H1E S WTLURIL: WHEE. 359
FE. LRI, HD DNA 43 B RCRMAE R 987N FRIK.
X T BT B A0S P i v RN, B A0 N
PEE RIEADC. R BN, B I BIE, i
G5 53 5 PN L RE TH 5, DNA I 20 5 A S84 B
NI, LAEL DNA AR se ik, mA& SRR R
Jk DNA 73 B R BRI
2.6 E=BREEREN DNA 5B

K o6 Won T B ke, el &,
DNA 73 B 0K B 5% LR (BGE )L E ARt A, 2530
0, BGE i £t =, DNA ST #3 EHOK, #H48 DNA F
B) o3 1 B A, 31X RSt TR T =, BGE Al
J55 AR, DNA T BER 47 sy 14 5 B 5
2.7 FEME K ¢ X 174-Hirc |l digest

FRIE T B4 YK DNA 2 BRI oY, AT
HLIZ 58 % 100 Viem, FR0KER 8.0 cm 4544 X BRI
PE N DIEE Hine THAEAIIE) @ X 174 am 3 DNA J Bl T

Acta Chim. Sinica 2013, 71,265—270



% F F HK | #REX
-6
54 2X10 a X10° 4 ]
—a— 75 umcir 1 Temperature/ C
1 ——50 um cir 214 : 28
o~ 4 —4A— 50 um squ -
® 1.8 umsq | 60
T | = —+—45
: . 184 —o—25
Né .5+ S
3 : 1
£ 1 E
S 12- 3 15
3 i
i o
=
0.9+ 1.2
j — T T T T T T T T T ] T T T T T
0 300 600 900 1200 1500 0 300 600 900 1200 1500
DNA size/bp DNA size/bp
16
124 b b Temperature/ ‘C
1 L a < —=—30
10l 4 A @ 75 pumcir —O0—60
O 50 umcir —A—25
: . A 50umsqu
S 8- O o 4 5
=} L] ke]
5 o =]
3 . A 2
¢ 6 A A A &
°
i o 5
A
4l ° * o
Y a
i ° .
2 ——— 01— T T T T T T T T T
0.3/0.4 0.6/0.7 0.9/11.0 0.3/0.4 0.6/0.7 0.9/1.0
« g The adacent DNA size(Kop/kop) The adjacent DNA size/(kbp/kbp)
5 © o 75umar B 6 15 ROARGRILA DNA A BACRRIN: QML (0)5BIE
g A 50 um cir 0.3% HEC (1300 k), HALSCH A58 1 —E
g 4 N N A 50 umsqu Figure 6 The effect of temperature of BGE on separation performance
g | o of DNA by CE: (a) mobility vs. DNA size, (b) resolution vs. DNA size.
% 3 The concentration of HEC (1300 k) is 0.3%, and other conditions are the
a A N same as those in Figure 1
T A
0 o
o ] 4
2 . ; a o o g
{a 8
= 1 o TeToe e
1 ° 3
o7
300 600 900 1200 1500

DNA size/bp

Bl5 BAEBIRNT DNA 73 BRI ()i B (b)) 25 JE; (o) Bt
IWHEHEL. 0.3% HEC(1300 k), HAbSR 4 5K 12

Figure 5 The effect of capillary shape on separation performance of
DNA by CE: (a) mobility vs. DNA size; (b) resolution vs. DNA size; (c)
number of theoretical plate vs. DNA size. The concentration of HEC
(1300 k) is 0.3%, and other conditions are the same as those in Figure 1

BN VK2, LR wmE 7 PR, iR B
Y T LSRN UK POE A 80 BN F 1100
bp () DNA JBt. %f1 341/345 DNA J B, #5588 5¢
A0y B, TRk E s Ik A AR

3 i

BINE IR, A BRKPEIE . TSR

Acta Chim. Sinica 2013, 71,265—270

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Fluorescent intensity
N

P'79

6 8 10 12 14
t/min

B 7 THEHEIKDE ¢ X 174-Hirc 11 DNA marker. HIKSAE, FE

BEFE: 100 Viem (1.0 s); Fi20 Bt 1.0% HEC (250 k); FLIZ#RJ%: 100

Viem, BME: [/L.=14/8 cm. HALSLIRFKA S 12

Figure 7 Separation of ¢ X 174-Hirc 11 digest by CE. Electrophoretic

conditions, Loadings: 100 V/cm (1.0 s); polymer: 1.0% HEC (250 k);

electric field strength: 100 V/cm; capillary: //l,=14/8 cm. Other condi-
tions are the same as those in Figure 1

e LA RUK A LI, 253 DNA PR 2000 B
SEREA. AT R B KL (1) HEC 3K

http://sioc-journal.cn 269



W F F R

MR

FEAR ] HE T IR B oI, W% 5 HEC 41
WK, HEC 4> RAHIRINE, I8 40 A T vk 5 ik v,
FHAB DNA F B i)y B 22k, i Rl T4 8. (2)
HEC (1300 k) EMK T 0.4%H}, m] LASEZHL 1500 bp 3l
W DNA Jr B PR o 25, B8 m it 40/ IR B m] LA
e/ i B DNA (114 B 1. (3) DNA 7207 40 i
PRI A N ) B B 40 5 P i B PR R LR AR R R (4)—
SEYEIE P, AHARF BE) DNA 3 55 B BN A K
SRR, (5) T St UL B =, DNA L 43 /5
TSNV GO, S BRI, L EPTHUS IBST 4h
WX 25 2 DNA B BCEA HE R 58 L

s A 5
4 SLIGERSY

41 FHB[BMEIWEH

& L H AT 4 3 (HEC, £ H Sigma 22 #]), SYBR
Green I(3£[H Invitrogen A 7]), 10X Tris-borate-EDTA
(TBE)( 3% [ Bio-Rad A #]), 100 bp DNA ladder,
¢ X 174-Hirc 11 digest W4T A Takara Fkalssth. Hrp
100 bp DNA ladder 7£ 0.5XTBE ZEiHiEA R 13
ng/uL [FEAL, 4 CORAE.

K S8 = AR vk /M0 s
W HHEEMEFEER Polymimicro Technologies), &
a0 KB K B (L) 11/6 em; 31 B 1B
IX71(H A Olympus); MODEL 610E 7 [k Hi J (35 &
Trek); RATIGUE & AL Z U-MWIB-3 386 A (H A
Olympus) L i€ 72 AE 3 K 460~495 nm [F30R e, ¢
64 60X #)8% PlanApo/IR(H A Olympus)Z Jri 8 T
HL A5 145 R928(H A Hamamatsu Photonics).

N BEACHVBTR, R STHR[17, 181777k, R4tk 2
PR TR JYe 0 B 40 45 Y B T S P Ab R, DNA HERE 4 1
100 V/em (2.0 s), DNA MK FEAE 25 ClElL TG =
5
42 FWRHE

AL EFRT HEC /0T R, HIgimE.
B E AR B0 TR S R e F 5 DN 3%
X ELBEAN G Uk DNA FE 5 15200,

(DHHLIZTRE 40~140 Viem F, 2 5I4ED T8 90,
250, 720, 1300 k, ¥ 0.1%~1.0% HEC HiHE47 415
LK DNA; ()B4 B K 14 om, KR 4~12 cm,
TEMR ¥ 0.3% HEC (1300 k), 13755 /% 80 V/iem N B4I%
Hyk DNA; (3) B4 AR 7358 75 pm circles 50

270  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

um circle. 50 um square i, 7E HEC (1300 k), HEIZamE
80 Viem I 73 il AN E HIYK DNA; (4)Kf IR A 15 5
WK THE S 45, 60, 80, 90 “CJia, 7 HEC (1300 k),
HLIZ 50 % 80 V/em T 43l "B 41 HiJk DNA.
43 EMEBRIXIBUERINSE
LEARR I, B4 IR DNA 23 & 30%, Wiy
1251 [ (Mobility, ) F1 43 25 5 (Resolution, R) 737 & X k-
u=v/E=L/(E?) 4)
R=16(t,—ta/ Ws+ Wp)* 5)
A v HLIKI DNA 7EB 418 HIT ML, E 2 Ik,
BN P N I IRIE, ¢, ta, ts 23RS Y FE KU
AR, HE S0, W7y, W 23500 A, B A FELK IS PR Hef T 0

References

[1] Cheng, H.; Chiou, S.; Liao, Y.; Chen, Y.; Wu, S. Electrophoresis
2011, 32,2021.

[2] Liu, Y.-Y.; Wang, R.; Jia, Z.-P.; Guo, Z.-Q.; Xin, X.-T. Acta Chim.
Sinica 2009, 67, 323. (KB, F2, SEIEF, T, e,
1 F 4R, 2009, 67, 323.)

[3] Dai, R.-J.; Zhang, S.; Li, F.; Xin, H.; Zai, J.-L.; Fu, R.-N. Acta
Chim. Sinica 1998, 56, 594. (FZR4k, skik, 2507, Mgk, 7EIRI%,
AR, 1R, 1998, 56, 594.)

[4] Zhou, D.; Wang, Y.-M. Prog. Chem. 2006, 18, 987. (A}, TIEA,
1 &, 2006, 18, 987.)

[5] Ueno, K.; Yeung, E. Anal. Chem. 1994, 66, 1424.

[6] Mcgregor, D.; Yeung, E. J. Chromatogr. A 1994, 680, 491.

[7]1 Guo, X.; Xue, J.; Zhang, Y.; Lin, B.-C. Prog. Biochem. Biophys.
1995, 22, 403. (SBKH, B¥R, TRA, MMk, 245 A HhHR
# &, 1995, 22, 403.)

[8] Wang, R.; Liu, Y.; Jia, Z.-P.; Gao, L.; Xie, H.; Zhang, Q.; Guo,
Z.-Q. Conference Proceedings of the Sixth Northwest Chromatog-
raphy Academic Report the 11th Gansu Province Annual Chroma-
tography Meeting, The Sixth Northwest Chromatography Academic
Report the 11th Gansu Province Annual Chromatography Meeting,
2010. (CEZR, XI5, SHIEF, s, e, jkiR, TR0, Habi
RENBEEFARERFAE+ — B EFFLLE, T
e S (BRI E SN A B T M (i E 2, 2010.)

[9] Li, Z.-Q. Ph.D. Dissertation, Shanghai Jiao Tong University,
Shanghai, 2011. (ZRC, 4w, RS, B, 2011.)

[10] Bashkin, J.; Marsh, M.; Barker, D.; Johnston, R. Appl. Theor. Elec-
trophor. 1996, 6, 23.

[11] Li, Z.; Dou, X.; Ni, Y.; Sumitomo, K.; Yamaguchi, Y. Electropho-
resis 2010, 31, 3531.

[12] Viovy, J. L.; Duke, T. Electrophoresis 1993, 14, 322.

[13] Heller, C. Electrophoresis 2001, 22, 629.

[14] Li, Z.; Dou, X.; Ni, Y.; Chen, Q.; Cheng, S.; Yamaguchi, Y. J.
Chromatogr. A 2012, 1229, 274.

[15] Li, Z.; Dou, X.; Ni, Y.; Sumitomo, K.; Yamaguchi, Y. J. Sep. Sci.
2010, 33, 2811.

[16] Chen, J.; Li, Z.-Q.; Ni, Y.; Liu, C.-C.; Dou, X.-M.; Yoshinori, Y.
Acta Chim. Sinica 2012, 70, 2073. (FE, Z4RIK, fil—, YRR,
FEHENG, (L EEN, A F R, 2012, 70, 2073.)

[17] Hjerten, S. J. Chromatogr. A 1985, 347, 191.

[18] Schmalzing, D.; Piggee, C. A.; Foret, F. J. Chromatogr. A 1993,
652, 149.

(Cheng, B.; Lu, Z.)

Acta Chim. Sinica 2013, 71,265—270




<<
  /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 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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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


