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Clinical application research of polydimethylsiloxane microchip electrophoresis "
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Abstract; Objective To explore the clinical application of polydimethylsiloxane(PDMS) microchip electrophoresis. Methods
The PDMS microchip was produced by molding a PDMS silicone elastomer against a microfabricated maser. Hydroxypropylcellulose
(HPC) and n-Dodecyl p-D-maltoside(DDM) were utilized to alter channel surface to make it become hydrophilic and nonionic, thus
reducing the interaction between the protein and the surface. DNA markers, multi-PCR products,and serum lipoproteins were sepa-
rated by PDMS microchip electrophoresis. Results The reproducibility of the detection system was evaluated by Sybr Green labeled
DNA markers containing five fragments,and relative standard deviation(RSD) value of peak area to each corresponding fragment
could reach 4. 8% ,6.3%.5.9%,3.5% and 3. 4% respectively. The multi-PCR products,including 165,266,378 and 881 bp frag-
ments,could be successfully achieved baseline separation by this system within 4 min. The proportion of small, dense low density
lipoprotein(sdlLDL) were significantly higher in patients with coronary heart disease than in healthy controls(P<C0. 01). Conclusion
PDMS microchip capillary electrophoresis could be a simple, rapid, effective and cost-low method,and could be a suitable analytical
technique for clinical aplication.

Key words: DNA; lipoproteins; PDMS microchip

BB EFE
CARVERE OO K L 52 01 B2 R 2 D

PR R S E R A 1990 4F Manz 45 2 H 4 70 7 & 1
G S R RR R R B BUR RS A RE e 11

R — A EEA RIS - i T IHEAE /73 P Ak
T ST BT AR EAED ARt Sk
RN 3 AT o 7 B 28 4 B 2 O 2 L R BE W L ]k 2 S A
BAAFEIN . A TRBALR A A A SR s A R E A
BEE AT T A0 o T A DR R S 0 TR A
SR TR o A A R B A T R N PR 43 AT v Y g L i
0T BT T A AR 1 R B A R R B — YRR RO e R
FH T W PR IS A 5 B B RG 43 A 450388 0 $A . AR SO FH A
1 B B 3Rk 4 de (PDMIS) it B L S2 B T A% IR M2 1ML 3 B 7B
FIR3 S . 90 4 3R 3 T PDMS B3 #5085 A F ok 09 W 1R 182
Hrfe .

* o SR TUH LR A4 R R4 B B I H (BE 2010679) 5 4 JH K~ 1t IR 1% % Bt 5 42 € B30 H (yzuems201041), 4

ntdx05yjswh@126. com,

SAIE 52 A AR S B 2 . 2R P 5 B8 % 10 % T PCR 749
B 2 b YR 48 1 15 B BT S - 1 XE R 441 50 1
CHHE B o G B0 A 11140 A2 I G 2 B 4 4

1.2 fUB SR RO R RO B A
EHFRT R CX R G iU CRORHBE L 1 1 4 BB 5% )
AT VA4 R 0~5 000 V, LI 1.2, [ 12 AT H T
DNA I [958 H7 5 1 B 3585 F 10 25 4 % 25 D 3 A
{050 B S 4 63. 5 mm X 317 mm. il EAT 4 A O < B
it () REAR B Tt (SW) L 28 W it (B) L BE I (BW) . S-
SW By BEA T R BIOE I L B-BW Bt 6 A 1 BE BOE I . o )
7 11 B A BT BW S 8 0 1 A A L R R

i HAE # > E-mail .



EfrhhEF$4F20124 1 A% 33454 18 Int] Lab Med,January 2012, Vol. 33,No. 1 * 5 -

SHEE Y 30 pm. HAEHE SR 47 mm, 5388 E 0B
KEN43. 7 mm, SR EFEESR 2 mm, % FJEE R 1 mm,
R R T B W AR 324y R LR LA
PR SU-8(ZEE Micro Chem 24 ) & #LOG 21 145 BA
TE B A4 s F| PDMS Tﬁ%%ﬁ%%—: PDMS [& 1k 5 74 J& A
REE [ 8 0F oAb 2k v B G . B 2 B E R
6] PDMS%H+$?¢X%E’~JHT§E&%E#&%M B HE R
RN SLLF 2 R (HPC, AT 43 F Fi it 100 X 107) , e ik —
2 B g (DDMD) It F 24 [# Sigma 23 7]« NBD Cé-ceramide 14 F 2
[E Molecular Probes 2\ H] .

1.3 73k WUKET. BOmEE 0. 01% DDM 4B 5 min D4R
T T A S K M B 2> PDMS i Rt B R W, 2 5
3% HPC FZE vh g i A #3808 T8 , 410 2 64 5 R 58 m A
FIBE G R A I EFE SR I I Tt 4 b R R O A
HEREEIE . MFE S gl T 558 AR B 3R A G B B
Br. G vl b it n v 5 G YR YT B Bt A R A )
TE RN T AR

2 mm,

l 63.5 I
K o} &t
N 42.5 - 10
#ils 3
36.5 (5
_ ) o)
«i PR HRERD S0t Ef_
R R o) an

I RRESREHREER

10. 5mmX 150 SE(U)

2 POMSER+FX XA PEEFREMEE

3000 m

1.4 S8 RA ¢ KRBTS0

2 4 7

2.1 FJ Sybr Green bric #) 10~200 bp A DNA Marker £
W PDMS R W r B RE S, Bk ROl 3% B4 &R
(HPC) , B Hy JE g 800 V, dERERT ] S 30 s, 43 B A3 JE K
1000 V, L ERE 5 WINAT B 45 5, WL 3, 10.20,50,100 FI
200 bp (1) DNA J BA3 3 T ARG i) BE 28 43 5 Je R 47 38 B 1k, 0%
TR AR A AH X o i 22 40 3R 4. 8%6.6.3%0.5. 9%.3. 5% #
3.4 . IR Uk A R 5 AL Gt BN R IR L vk 25 R —
.

2.2 FIH Sybr Green #Ric (¥ £ B4 53 5 & % 19 £ F PCR
PRI PDMS 5 5 52 B b & i 4r B BE 1 B op IR R S 3%
PN Y F (HPO) , R B g 800 VL ifEFE RS [H] g 30 s, 43
BIEER 1000 V.43 g g5 R LK 4, 7= ) F B 165,266,378,

881 bp 15 BIR4F M ILLe 7k B . SOV 00 o HL DK 25 2R 5 AR B
B L Tk 2 R — K

2.3 PDMS i #0s B HL UK 43 B NBD, C6-ceramide #7ic iY
ML W2 T 2% oP R RO 200 JR T S 27 2 K (HPC) , #E #f K
29700 VL ERERFE] Y 40 s, 4B R 3 000 V., 4y B AR L
& 5, i % 8 Js B 1 (HDL) IR R & 1 A #L(LDL) 5 k%
JERRHE 1 B A (sdLDL, /)N Tl 25 A 85 g 45 1) S 1 Ak £k )
B o Ve BETE O R ORI R A K I 3 AT HL UK 43 AT, 50 4
fl R & h 4 B4y B sdLDL W, 6 th %2 8. 096,52 4l & .0
W R8I AR AR 37 123 8 3 sdLDL U, K5 R T1. 200, B
AR AR 2R AR B L (P<<0.01), RS ES
ﬁtll\?ﬁ%%;ﬁ’?”%ﬁ([zﬁg'ﬁ 5,

Al

15 20 25 30 35 15 20 25 30 34 15 20 75 30 35 15 20 25 30 35 15 20 25 30 35

BHfE (min)

s0tp|

08

L

05

|
Ju

TRMZEIIRE (V)

B 3 10~200 bp #J DNA Marker iR #2715 Fr ik 5> B 1
(n="5) F0 B A5 4% 5% Ak A ik B3

174
378 bp
164 26“”\
15 !
S 1a] [t
=13 165 bp H )
= l
212 | ’ }
2., = H ‘ [ l& ‘H
¢ J
[} N
S SN L WAV R
09+
0e T
1 3 5
HEfE] Cmind

4 £EPCRF4(165.266,378.881 bp)iifiE
iy F vk 5 TR B 4 R AT R K i

23 (4)

e HDL
21
20
19
18
% 17
P16
i[ré 15
B 14 oL
52
& 13
* 12
11
1.0
0.0
0.8 T
0.00.2040.60.81.01.21.41.61.82.02.2242.62.83.03.23.43.63.84.0
BfiE] (min)
16
HOL
15+ (B)
144
ﬂ 1.3 sdLDL.
¥ "
a 1.2
&
1!7'? 1.1
=
1.0
0.9
08
0.00.204060.81.01.21.41.61.82.02.22.42.62.83.03.23.43.63.84.0
& (min)
A XTI B O

& 5 I SRR S F R ik B i

3 it it
WO BB R RE R M E T RGN — 1 EEH R



El b A g [

FREK 201251 A% 334%% 18 Int] Lab Med,January 2012, Vol. 33,No. 1

FAy s AU AL 7 3R S8 AR AR TG L 7647 0 (B3 AR} 4 3R
F I a0 ol S A T 0 4% 0 At 14 ) RE 2R OC L T BLERE LR L G
BRI — A PO R R AR FE R R A AT L L S
I HL VK 43 5 0 T 1) A L R T DA AE — HLE Oy R Y 3 A
AL, m AR R R 2 2 R e A R K
Y5 L AR R AR A R R IR A R R AR — R RO
Pt B . PDMS B A B n] b i 8 4 2RI 1 AN & Ak A HE IR
PR TCTE U AR © ) U T A RO B 4 b
WA, R4E PDMS HA DL E 4R &, {8 HRE i 2 A AR 9 5 K
P2 AR R A R B B R A Rk Ay s .
b BF S — Bl 8 SRR 2% 168 i DT 9 . AT S0TH BR 2 T 0 R A
PDMS BE [ fit) 15 B 2 A BF 7 400 At 2l 1) 56 St i) AL

230k #E DDM il HPC 4 201 Bk PDMS Gl 18 4r#1 )
5 R B AR ERL B . DDM Sy Sl B B 3% 1 06 M T L BE R R
FEB K 1 I B4y F R0 . HPC B PDMS B i 45 %
F A+ DNA 5 B Uk o3 25 W 0 40 A . AS TR e B2 ) HPC fE
R HPC J2 B BE i W B RE T 1 S5 KM R 4 T M A
k¥ B HPC B (<C0. 75 %) , A 4 s Hh ke 48 PDMS EBE [ () 57 7K
PR K PR E A S AEE., YA
HPC(=1.5%) , HPC 43 T4 A 148 258 , {5 45 i 3Kk LA 0 20 (1
fe S, FTLA R I F DNA K B 40 & 4 Mt iR 3.4 FioR,
PDMS {4585 A HL Uk 43 5 DNA K759 R4 B, IF vl I F
LRI B PCR ZH =4 BRI . SR80 R Bk i 2
S5 1 G0 30t i W O T v Tk 45 SRR — 380, (H I 1k L B 0 R 5 e
VKA AR TAT B 3 T R DL 3 I PR R R AT

15 1% % 32 i 2 11 (LDL) UKL AE K /N 258 BE 70l o 20 i b
BA SRR AR AORAR S KN LDL — 432 A B IS, A
R g BE R IBURL S R T 32 41K %% B2 I8 7R 1 (ILDL) , Uk &8/ B
T BRI B %5 B NE 2 1 (sdLDL) , 2 3 fik s A 1 AL & A= 16 i
FE RN 3, 5 0% B B DI AR T, GE AR Ok sdLDL &5
58 97 1) 56 R R A 3 A ATT 56 ¥ R B 2 1 5 LDL W 41
IO BT IR, ZEME S R T AT 8 L ApoB i i PF £
sdLDL 7K 48 . @1 LDL-C 5 ApoB [F il & 345 & TG
KR T A LDL W4l 4y i 288, W&l 5 T 7w, A 5% 57
B J5 ¥ T PR T 5 U 2 sdLDL, 5ef 0o 21 1l 3 H sdLDL £y
R R A 25 A B L(P<C0. 0D, 45 R 2R,
T PDMS filifi #5065 L 3k 9 sdLDL 43 8 43 47 o % E 4 7 o0
99 110 S 1 PR 3R S Bk e 0 5 ) 7 UG U L T B B A sk o o e
7 B I8 SR I B KR

PDMS B0 #5785 B e vk 6k DNA L g & (A 22 30 0k 14 v 45
B Yy B S AT RE T L 1 R A B U AR A

FE e PRI PR 2 W 245 ) 0 32 28 ME LAY o0 i e T T B —
& ik

[1] Harrison DJ,Manz A,Fan ZH,et al. Capillary electrophoresis and
sample injection systems integrated on a planar glass chip[ J]. A-
nal Chem,1992,64(2):1926-1932.

[2] Kato M, Gyoten Y, Sakai-Kato K, et al. Rapid analysis of amino
acids in Japanese green tea by microchip electrophoresis using
plastic microchip and fluorescence detection[J]. ] Chromatogr A,
2003,1013(1/2):183-189.

[3] LiY,Buch JS,Rosenberger F,et al. Integration of isoelectric focu-
sing with parallel sodium dodecyl sulfate gel electrophoresis for
multidimensional protein separations in a plastic microfludic net-
work[J]. Anal Chem,2004,76(3) :742-748.

[4] Munce NR, Li J, Herman PR, et al. Microfabricated system for
parallel single-cell capillary electrophoresis[ J]. Anal Chem, 2004,
76(17):4983-4989.

(5] FEHR,AVRJe, EERE, S SO #2800 v d ik 7e PR 3 25 JR IR A
PO I PR R (ELLT ], rp AR R 0 PR 24 2 5, 2004,27(9) 1 551-553.

[6] Wang H,Wang HM, Jin QH, et al. Microchip-based small, dense
low-density lipoproteins assay for coronary heart disease risk as-
sessment [ J . Electrophoresis,2008,29(9) :1932-1941.

[7] Chen JF,Jin QH,Zhao JL,et al. A signal process method for DNA
segments separation in micro-channel electrophoresis[ ] ]. Biosens
Bioelectron,2002,17(6/7) :619-623.

[8] Duffy DC,Mcdonald JC,Schueller OJA, et al. Rapid prototyping of
microfluidic systems in poly (dimethylsiloxane) [J]. Anal Chem,
1998,70(23) :4974-4984.

[9] Linder V,Verpoorte E, Thormann W,et al. Surface biopassivation
of replicated poly(dimethylsiloxane) microfluidic channels and ap-
plication to heterogeneous immunoreaction with on-chip fluores-
cence detection[ ] ]. Anal Chem,2001,73(17):4181-4189.

[10] Zhang L, Somasundaran P, Maltesh C. Adsorption of n-Dodecyl-
beta-d-maltoside on solids [J]. J Colloid Interface Sci, 1997, 191
(1):202-208.

(11T BB 1 PR 1 A W0 % 5 2 FI L. i R 25 %€, 2006, 21 (10) : 685-
689.

[12] Austin MA, Hokanson JE, Brunzell JD. Characterization of low-
density lipoprotein subclasses: methodologic approaches and clini-
cal relevance[ J]. Current Opin Lipidol,1994,5(6) :395-403.

(18] Zfias, AP AR ENRE AR E O (0 S0 e
Mg 225 ,1999,22(1) . 5-8.

(e fs B 39 :2011-10-20)

CR35E 3 70D
binding protein modulating methicillin resistance in staphylococ-
cus aureus [ J]. BMC Microbiol ,2009,9:15.

(6] RLAZE. 5[ BH. 9% 6920 PCR 3 6 Il i A 460 75 Ak 4 3 €0 %5 45 Bk
W BT[], A R 2 I et 2R 7K, 2007, 17(7) : 898-900.

L7] BRZEEIRAR. 0 FAW BRI MRSA (B 58 L], Hbr
Ko o P2 2% e 32,2010, 31(5) ;475-477.

(8] KA A ke . AR IGE A, 45 DU Aoy 2 A6 00 Tief FY 46 79 b <8 o €2 7

2 BRTA 14 45 5 LB ). RN B 2 B 2 41 2004, 34(1) 1 63-64.

[9] Ender M,McCallum N,Berger-Bichi B. Impact of mecA promoter
mutations on mecA expression and beta-lactam resistance levels
[J]. Int ] Med Microbiol,2008,298(7/8) :607-617.

(100 VERK B, JEW]. | A BT A T WM. Jb ot B4 d i, 20012 29-
31.

W H I :2011-08-27)





