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Effect of Electric Field Modes on the Separation Performance of DNA in
Capillary Electrophoresis
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Abstract DNA fragments ranging in size from 0.1 to 10.0 kbp were separated by constant electric field, square-wave
pulsed electric field, and inversion pulsed electric field in hydroxyethylcellulose (HEC, 1300 K) polymer. The influence of
electric field modes on the separation performance of DNA fragments was investigated when the modulation depth of pulsed
electric field varied. We found that when other electrophoretic conditions were the same: (1) under constant electric field,
DNA fragments can only be effectively resolved up to 1.0 kbp, whereas DNA fragments above 1.0 kbp co-migrated; (2) un-
der square-wave pulsed electric field, high modulation depth favors the resolution of larger DNA fragments higher than 1.0
kbp, simultaneously the resolution of DNA fragments between 0.6 and 1.0 kbp deteriorates with the growth of modulation
depth; (3) under inversion pulsed electric field, DNA fragments ranging in size from 0.1 and 8.0 kbp can be effectively re-
solved with high resolution. Furthermore, we have successfully separated the .-DNA endonuclease fragments digested by
EcoT14 I/Bgl II under inversion pulsed electric field. The results above demonstrate that inversion pulsed field capillary elec-
trophoresis is a method with fast speed, accuracy, high reproducibility, and thus it can be applied for the separation of DNA
fragments with a wide molecular range.

Keywords capillary electrophoresis; DNA; hydroxyethylcellulose; pulsed electric field; direct current electric field

1 3|= R Tl R K BRI Ay BTk, B
L . ‘ \ W) E SIS B R, A B AR TR
F4IE H YK (Capillary electrophoresis, CE){E Jy—F MR 9 TRk, A1 K4 B DNA 77

* E-mail: zhenqingli@163.com
Received May 18, 2012; published June 21, 2012.
Project supported by the National Natural Science Foundation of China (No. 21205078), the Innovation Program of Shanghai Municipal Education Commis-
sion (No. 13YZ073), the Shanghai Committee of Science and Technology (China) (No. 10540500700), the Cultivating of Teacher’s Innovation Ability Pro-
gram in University of Shanghai for Science and Technology (No. GDCX-Y-1205) and partly supported by the Leading Academic Discipline Project of
Shanghai Municipal Government (No. S30502).
T A 52 5 4 AR 34 (No. 21205078) il S RHAF GUFT I H (No. 13YZ073). L i RH & FE A 4 (No. 10540500700)F1 it 3 1k 2 £ 1)
Brie I B (No. GDCX-Y-1205), #i7> %% 1 it 7 #5027 BH0H 25 = HI(No. $30502) %t ).

Acta Chim. Sinica 2012, 70, 2073—2078 © 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 2073



W F F R

MR

TS TRt . (HIE, WI9TRY, ERbs NS
YN KA /N B DNA A8 HI 0 B RCR, 1k
B DNA fEHEESAE—il. & THm K7 B DNA 173 2
B, Carle S5 ki sy 5 | A CSTARBERE FL vk, S T
50~750 kbp ¥ AT N DNA F B2 5, H 2 k-
PR HLVKTE 20 AT DNA BAA/ERERT K. #E 8. A
AL EARAE A . 1990 41 Heiger 25171 Uk ik iz
T B HIK B DNA (<2.0 kbp), JFHUE T
R B, T PR s ke B A A FUK (Pulsed
field CE, PFCE)Xf DNA Jy B¢ ¥ 73 B R, TN Dk &
PN B Bk v 3 B T B 404 ik, Wi =800
H 7B A H UK N, DNA 23 85 1 75 3 S5 43 B I
)3t K. WA 2 ikl i 31 O R A A H B AR /N o
JUFE ) DNA F By B, Ak, Morris /N1 B )
Bt 5 1EsZ kR A H3% 5 25 DNA F Bl TR,
RIZEE I HLIA F S/ BE DNA (<1.0 kbp)7r &, 2
S It bk vk L% 00 B K R BE DNA (>1.0 kbp), iXFh 7
EEAR LYK DNA Z3 B H3E L, (2 g il e %
B, HhCRERERR. L BRI, Hos s 4t — e i,
Jit 0 He 3 7 AN A, B4 B vk 7 B AH ] DNA F B
R AR ).

o
. £
a wv
=
ER
&
2 £
g 4 -
153 s —
2 o
2 =
o o )
§ 2 ﬁ (=
= —
S
|
0+ T T T T T 1
4 6 8 10 12
Migration time/min
*] 5
¢ ~
v
=9
6- Z
4

Fluorescence intensity/a.u.
0.5 kbp

[=) [\
1 1
0.1 kbp

6 8 10 12
Migration time/min

B 1 Hi S kb BN Ik 7 B DNA Ik P i
Figure 1 Electropherograms of DNA by DC-CE and SW-PFCE

.

A S P FR & KR 4 4E 3R (Hydroxyethyleellulose,
HEC)#AE M i 73 A, #afE 0.1~10.0 kbp DNA ¥ iy
VENWFFURT S, E9256 = O HF9T TAEM I S6at 1,
DO s T =733 L NI [0} 17 UL EER /DA St Al K=
UK B DNA [R520, JFitie T AR R80T DNA
B oy B Re, LA ARSI 8 4y 7 EVu [l DNA fr
Bty e A 2 S 17 2

2 FR5WE
21 EREMAERIKXSE DNA

HLUK AR S 4.3.1 (AN, BRI BE HIK
Sr B hRAE DNA FES 45 T 1a fros. A HL K E G n]
LA H, 24 DNA F BN T 1.0 kbp B, #H45 DNA JE;
)2 B PR, 1 DNA FBEKJE KT 1.0 kbp 1, 4>
HLPK I J LT S, D ANRERE 2 2. X R 3
R DNA - FF 55 B T G675 1 2 25 Bk 141 46
DNA F B & A7 A6 B 2, M A% i 8 5 i o vl
FGR 43 A 1) Kuhn KB A7 51, 4 DNA F BHE /N T3
K E NI, AR 2 7 /N8 24 DNA B
FERT Ny, SR 5007 /N, i At 1 it Jon e

o
b o
8 - i
2
:
.@ 6_ &
Q -~
E -
[=N
©
2 S
£
2 24 &
23 =
=]
0 G |
o T T T T T T T
4 6 8 10

Migration time/min

5 kbp

(=9
1 kbp

Fluorescence intensity/a.u.
S
1

(=)
L n
4>E().l kbp

6 8 10
Migration time/min

(a) DC-CE (E=100 V/cm); (b) M=100%; (c) M=150%; (d) M=200%. Injection voltage: 2 s at 100 V/cm; Aex=460~490 nm, Ae,, =521 nm; Dimension of capil-
lary: ;=15 cm, [;=8 cm, ID=75 pm, OD=360 um; Detection system was enclosed in a black box

2074  http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2012, 70, 2073—2078



W F F R

W AR o A o T BT R FLAR R/, X — IS N
2a P ATLLRIL, 24 DNA FBOKT 1.0 kbp I, AHAR
DNA J Bz [l 7218/, 04T DNA Bl v 4
HRELJLTh 0(E 2b).

a

—s— DC-CE
—o— M=100%
—A— M=200%

o
n
1

N
'S
1

o
w
|

Mobility difference/(10°8 m2-v-1.s71)
S
1

0.1 A
0.0 4
T T T T T T T
0.1/0.2 0.9/1 9/10
Adjacent DNA size/kbp
12
im ° B DC-CE
10+ M=100%
1l dm 3 mM=200%
8 -
=1
2
2 6
]
5
o4
2
04 1|

0.1/0.2 0.5/0.6 0.9/1.0 2.0/3.0 4.0/5.0 8.0/9.0 9.0/10.0
Adjacent DNA size/kbp

B2 Eitsrskeldids FAHS DNA Jr BRI B 22 5 00 B
Figure 2 The separation results of adjacent DNA fragments by DC-CE
and SW-PFCE

(a) Mobility difference; (b) resolution

2.2 FHiRBKHEMEBIKSE DNA

Bl 1b~1d 277 kit iz %2 4.3.2 1i(A) &AM
25 DNA FRaERE S I s vk B i, 1 2 2 S5 7 ik
H37 N AHAR DNA R Bl 22 53 B B, d R oR: (1)
T EIR B AN k5 3 DNA, Jrifikrh B4
YKISE, KA B DNA (1.0~ 10.0 kbp)AHAR B2 8] (I3 5
ZHTHERESE 2a), 7 EEALSGEE 2b), 755
SR WIE 1b~1d Przs. X2 T DNA 4> ekt s
YEFIT, DNA g5 AN B IR 2546 (B T8 46 44 o 3 21
U JB(EL V JB) G510 5 28 G 504 K B DNA 2 1]
W EEZERE R, o B LR S ()7 kb Hidg T,
IR BE R, K B DNA 7 B R (B 1e, 1d), &
Z, PWHIREE AR, %/ Bt DNA 73 Bl F)(E 1b);
QeI M—x, P AR R, R HR
BK, DNA TE&E S NI R 1 S (B 1e, 1d), X2 KR

Acta Chim. Sinica 2012, 70, 2073—2078

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

ik o B AN A UK I, RN A R VE T
Vaus 7, i Vavus=Voe+Vae . MR 2 s 5mE F,
VAR S, Mk e s S 0B IRE A E AE ) HE EERIOK
T A AR R 2 R AR i i ok U, IRk DNA T
Bl 3ok, S ah, JrdRkeb g AR O T K B
DNA (> 1.0 kbp) 17 B30, HIFK T /N Bt DNA (<
1.0 kbp) 94> 85 5, Wil 1b~1d F7R, 0.6~1.0 kbp i
PIAHAE DNA Bz 1) 43 125 155 B U T B 3 K T A
23 EEKFEMEEIKSE DNA

S 6] ik HL 3 4 2R 4.3.2 5 (B) A A B AN FELIK 40 2
DNA FrUEFES S5 BUE 3b~3d s, g8 R1EW: (HH
ST ER BN E BIKEARE 3a), K flkef kT LA
GE 3.0~9.0 kbp K BE DNA 402 [l 1) 43 B RUR,
$EE T >1.0 kbp X[ DNA FBLHI2 B, (X T 5
WK AN Ik, Ak I 4R, 0.3~1.0 kbp
DNA Jy Bt )3 FE 2543 B 308 (& 4a), M7 25
132 5 (B 4b), TREN T J7 Rk v 43 Bt 5 o
DNA FE /N Bt DNA (0.6~ 1.0 kbp)J3 25 75 BRI Sk
Fa; Q) ik b g 4, Bl P HIRFE 1R, 43
VI T8 i, IR DR A R TR 3G O, SO0 B A 5
SRR 2 8K, DNA F BTS2 IR0 ik, IfiT
B RAR Y, (4B TPk B AN Ik BAR, S ik
HL3) T FE b 20 2 B (AT, 32 fh 1 2 ) ik L 3 )T
P F AR T 7 Y bk v F 3 A B S T (1500 V); (5)
AHTE] A R R (900 VYIS, Jz Il ik HL 37 ¢ EL I L 3
TR UK B FRE DNA FBOSCE ] B4 e (B 3a,
3c).
24 REBKFEME KL S E A-DNA BREIEF

X e B E R g O Bk H B ) ik L3
TR K 0.1~10.0 kbp DNA K50 245 5,
AFLLR I, B ) ok e AN A LUK A 2 B 43T
DNA J BEI oy B iy, ik, ATTHAE 0.4% HEC
(1300 K)F7i 735 2R H e 1m) ik b B 40 4 Fo vk (Ve= V=
1500 V, =30 ms, t,=10 ms)%" 2 EcoT14 1/Bgl 11 [l
PEW VIR YD) A-DNA B 5). HE R, 0.1~10.0
kbp DNA Jv BC7E bk i e 3% 1 38 A m] DS B 56 43 7 1
DNA F B2y, X1 60/74 F1415/421 DNA Jr B, #8
SEILSEA A 15, T — AR R ) kb F % 4 A

3 #Hi

FEAT A o T AT AR, e SEIR e . K
B DNA 731 1P S B a0 v bk 43 3 e — N
AR TARR IS J7 B bk e 3% LUK 1) Jik v e
Y = MpAS A IR B 4 bk AR H F 0.1~10.0
kbp DNA FrEFESI &, R (HHERHEST,
/N BEDNA (<1.0 kbp) i A #4053 25, K B DNA

http://sioc-journal.cn 2075



FIANIR
F F R
6 -
a
=]
S £
8 ~
2 —
2
8 41
g o
8 £
8 0
‘8’ =
£ 24 &
= ~
= = g
S =
wv
—
0
T T $ T ¥ T J T ' 1
6 8 10 12 14 16 18
Migration time/min
£
= o
c — )
v
; o
= =)
8 =
2 24 Ls)
= s
=
2
g
[}
3 o
5 =
2 —
<] =
(=]
=
=
0
T T T T X T T T 1

Migration time/min

B3 Hi S Sm kb B0 vk 7 55 DNA I i ok Fe i
Figure 3 Electropherograms of DNA in DC-CE and IFCE

b s
. ~
g .,
= [=9
z =
(72}
wv
g &
8 ~4
8 '
S
5 2
2 5
<] i~
[=] —
= S
(=9
0
—T T

T T T T T T~ T 7T T
6 8 10 12 14 16 18 20 22 24 26

Migration time/min

I =9
d N 2 8
o) Lm 7o)
= ~
< 0
ke
Z 7
w
g
13}
g 24
()
2 o,
3 e
S —
3 1 s
=
" L.UU.N
Y T L T ¥ T T T T
6 8 10 12 14 16 18

Migration time/min

(a) DC-CE (E=60 V/cm); (b) M=3; (c) M=4; (d) M=5. Other conditions are the same as those in Figure 1

0.6

—a SW-PFCE (M= 100%)
—— [FCE (M=3)

Mobility difference/(108 m2.v-1.s1)

0.1/0.2 0.9/1 9/10
Adjacent DNA size/kbp

B4 Tyl Sl bkak B R 14K DNA 5 Bl 2215 0) B

144 ¢
| Il SW-CE (M=100%)
124 %

[ZA PFCE (M =3)

Resolution

0.1/0.2 0.5/0.6 0.9/1.0 2.0/3.0 4.0/5.0 8.0/9.0 9.0/10.0

Adjacent DNA size/kbp

Figure 4 The separation results of adjacent DNA fragments by SW-PFCE and IFCE

(a) Mobility difference, (b) resolution

(> 1.0 kbp)IE B JLT-EEBAE—E; (2)LARRIRAH /N T
Bt DNA 73BN, Jrbkat iadz vl LA R ek
JrB DNA 73 B85 (3) I i ke B4 IR BOARAE
SrES T B DNA FESLIN, BERAT E I L B4 Hivk
RERS w2 i/ Be DNA IO A, aliess T kb sy

2076  http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

BN YK 2 K7 B DNA R3S, S —FhERAR ) ik
BN KBRS i) kb B A H ik A 2 B
K Be DNA I EAT A RN AT, b7 M g ol
EW TR RATE R T R

Acta Chim. Sinica 2012, 70, 2073—2078



| #REX

=3
S
S

9000, 10000

Relative fluoresence intensity
13286~22010

L 60, 74
L 415, 421

1 651

—
(=)
—
W
[\
S

Migration time/min

Bl 5 Seinl kb a0 i ik 7 2 ()bl DNA 5 (b) BRI P O
EcoT14 I/Bgl IT i) --DNA J B v vk 1%

Figure 5 Electropherograms of (a) DNA ladder and (b) -DNA frag-
ments digested by EcoT14 I/Bgl Il restriction enzyme by IFCE

Other conditions are the same as those in Figure 1

4 HWEs
41 RE[MEERH

L HELT YR HEC (1300 K)(E[H Sigma 24 7)),
SYBR Green I(3£[H Invitrogen Zv#]), 10X Tris-borate-
EDTA (TBE)(3[H Bio-Rad A7), 0.1 15 1.0 kbp DNA
ladder #£8h(1H 4% Takara #&X2541)7E 0.5 X TBE 220
HRG RORE AN 16 pg/mL IARERE S, a7
T —20 CHMEHIAE . 2-EcoT14 1/Bgl 11 digest(H A<
Takara ££ 2 41).

K F SE 565 F BN ik R0 R

RPN A SEBANE AR (N ARIME T 75 1 360
urn) (32 Polymimicro Technologies) @K 15 cm, H
KB 8 em, 18]E WAHER 1X71(H 4% Olympus); MODEL
610 E w5 HLJE (32 M Trek); Mkh 9 B K 2 $0E it
Labview(Z£[E National Instrument)f2 745, K AT HGIR
KL e B U-MWIB-3(H A Olympus)id i€ 5
PN 460~495 nm (UKL, TG4 60 X Ptk
PlanApo/IR( H A& Olympus) 2 J& W £ T 't i £ 18 4
R928(H A Hamamatsu Photonics), #/5 H A KI4E R
PCI-6024E(3 [ Austin 22 7))AbHE. 4 PR HIB G, AN
WrARYE SCHR[21, 22100053k, RITL LR R B B
AN N B T D MEAREE. DNA FESHEL 100 Viem HLZ)HE
FET-BANE, HEFERTR 2 s, SEAM I FE7E 5L R IR
T,
42 Rz AN
42.1 kot w3

J7 kb e 88 KBRS TF ) ik
HLHS Ve ST RS Vs 1E 1) SRR ) 2 A2 A7 1] Jik
IFTA) g, "EATTAL R RGE T 0K B 405 FR vk R~ 2 L s

Acta Chim. Sinica 2012, 70, 2073—2078

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Vaverages WITRIVRIE M FUKIMARE £ (=8, I, TAT#F
T3 P K L3 R (B A0 H vk e SR T B K B A A
HLUK. 7 B Bkt B 41 Yk 7 2 DNA B, P R
Vaverage YE7E T DNA TR I BT 52 B (15K 5 I3 K0S, 1
& XN

Vaverage = (Vitr— Vito ) (1 1) (1

WHIREE M RBET WKt R Ve 5 HR Vayerage XS
FEER R, & SN

M=V Vayerage) Vaverage X 100/% (2)

Bk g e 7 DNA TEBAN4E N IE [ F S [m) 3z 3l i (]
M, SR

AHz)=1000/(t;+t,) (3)
Wt LI B o B u Y, BRATTR ik L dg R e
& XN

U= LS XV pyerage) 4)

Ho 1o BN RS, LI BANE AR, ¢y H kg
ﬁﬁ%%ﬁm
422 R EBRAFH g

KT B kb e, BT TR I 1) HUE Ve R 1)
kb e R vy AHAE, IF R kS A 1) ek B T AR [, B
Vi=Vs, ity BRI E SON R R K 37y, SHR S ) Y,
N R A Bk BN UK, TSR Viverages WA
M B S w3 il e UM

Vaverage V(tf tb)/(tf+ tb) (5)
M=t/t, (6)
=WV it Voto) (1 1,)] O]

43 RWHE
43.1 HARPYTEMET LKS B KKK DNA »F

H #1405 HIk (Direct current CE, DC-CE)%y
2 DNA FrERESh, SEIG 4T

(A)F SRR 0.5X TBE+0.5% HEC+1XSYBR
Green I, {13798 : 100 V/em.

(B)Y 5+ HU: 0.5X TBE+0.3% HEC+1XSYBR
Green I, H1373#/)%: 60 V/em.
432 FRERGHRF G T EL@E Bk H XA K
DNA 4F

AR BRATTHT I AN By i 5 I v ik HRL %)
B4 VK5 5 DNA ﬁ{ﬁﬁunﬁﬂ“/«#ﬁ%wn?:

(A)T7 9 Bk b B 41145 FL ¥k (Square wave pulsed field
capillary electrophoresis, SW-PFCE)I 1 5 FL# - 0.5
X TBE+0.5% HEC+1XSYBR Green I, Jikif fiz 451k
SFRIHER 1500 VL kb AiE 50 Hz. PREIEE 100%~
200%, AN [F] U TR S B 6 WY I 1) Bk b B Ve 5 47 ) i
MHHE 1, il 6a .

(B) Jx I Jhk v & 411 % 2 9K (Inversion field capillary
electrophoresis, IFCE) 1 5t HU# 4 : 0.5 X TBE+0.3%
HEC+1XSYBR Green I, ki ig4c 0 IAHIEREE 3~

http://sioc-journal.cn 2077



W F F R

5, RRSTRHE S 50k 750, 900 11000 V, AN 1
TR TS IS0 . (4 X ) ke B ] 2 55 470 i ik 6F T3] 2, 21 14] 6
.

a M=200%
300 |

M=150%

200 M=100%

J{1118 R NS I -

E/(Vem™)

-100 | L

0 20 40 60

20001,

1000 e

Pulsed voltage/V

-1000

2000 T T T T T T T T T
0 20 40 60 80 100 120 140 160

Relative pulse duration/ms

Bl 6 Jrifka ()i 1) ikl (b) Hidg o i 18
Figure 6 Schemes of electric field in SW-PFCE (a) and IFCE (b)

2078  http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

References

[1] Woolley, A. T.; Hadley, D.; Landre, P.; Demello, A. J.; Mathies, R.
A.; Northrup, M. A. Anal. Chem. 1996, 68, 4081.
[2] Wang, R.; Jia, Z.-P.; Dong, Y.-L.; Chen, X.-G.; Xie, H. Acta Chim.
Sinica 2010, 68, 269. (T3¢, TIIEF, HEWE, FRXE, W1k, 14
F 4R, 2010, 68, 269.)
[3] Wang, Q.; Xu, X. Acta Chim. Sinica 2004, 62, 66. (£, VFH, 1%
$ 23R, 2004, 62, 66.)
[4] Wang, Q.; Xu, X.; Dai, L. X. Chin. J. Chem. 2006, 24, 1766.
[5] Zhang, Y. X.; Zhang, Z. J.; Yang, F. Chin. J. Chem. 2008, 26, 489.
[6] Carle, G. F.; Olson, M. V. Nucleic Acids Res. 1984, 12, 5647.
[7] Heiger, D. N.; Cohen, A. S.; Karger, B. L. J. Chromatogr. 1990,
516, 33.
[8] Kim, Y.; Morris, M. D. Electrophoresis 1996, 17, 152.
[9] Sudor, J.; Novotny, M. Proc. Natl. Acad. Sci. U. S. A. 1993, 90,
9451.
[10] Morris, M. D.; Schwinefus, J. J.; de Carmejane, O. Methods Mol.
Biol. 2001, 162, 307.
[11] Kim, Y.; Morris, M. D. Anal. Chem. 1994, 66, 3081.
[12] Li, Z.; Dou, X.; Ni, Y.; Sumitomo, K.; Yamaguchi, Y. J. Sep. Sci.
2010, 33,2811.
[13] Li, Z.; Dou, X.; Ni, Y.; Yamaguchi, Y. Anal. Bioanal. Chem. 2011,
401, 1661.
[14] Todorov, T. I.; Morris, M. D. Electrophoresis 2002, 23, 1033.
[15] Shi, X.; Hammond, R. W.; Morris, M. D. Anal. Chem. 1995, 67,
1132.
[16] Shi, X.; Hammond, R. W.; Morris, M. D. Anal. Chem. 1995, 67,
3219.
[17] Kim, Y.; Yeung, E. S. Electrophoresis 1997, 18, 2901.
[18] Siles, B. A.; Anderson, D. E.; Buchanan, N. S.; Warder, M. F. Elec-
trophoresis 1997, 18, 1980.
[19] Li, Z.; Dou, X.; Ni, Y.; Sumitomo, K.; Yamaguchi, Y. Electropho-
resis 2010, 31, 3531.
[20] Li, Z.; Dou, X.; Ni, Y.; Chen, Q.; Cheng, S.; Yamaguchi, Y. J.
Chromatogr. A 2012, 1229, 274.
[21] Schmalzing, D.; Piggee, C. A.; Foret, F.; Carrilho, E.; Karger, B. L.
J. Chromatogr. A 1993, 652, 149.
[22] Hjerten, S. J. Chromatogr. A 1985, 347, 191.
[23] Slater, G. W.; Desruisseaux, C.; Hubert, S. J. Methods Mol. Biol.
2001, /62, 27.

(Zhao, C.)

Acta Chim. Sinica 2012, 70, 2073—2078




<<
  /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


