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IR — 003, B RA IR R FE R
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K <357 bp [ B BE DNA B, R T
PMMA 5 7 [F B4 KB R FEAR A STR Al
J7 TR 2% 7.

1 EWEFHE

1.1 iRF

STR 47 £ D13S317 F1 CSF1PO 4547 K ] 43
TUBRHEN) A 2B S e DBt i HRET
Invitrogen 24 & & i%. Cy5-dCTP F1 Cy3-dCTP Iy
Amersham Biosciences A f. £ N 5k £F 4 2 (HPC,
SEIJ RS 431 9 100 000) W4T Acros Organics 24
Al  FRELT4E R (MC, 20°C 2% 7K 3 1K1 386 3 A
4 000 cp) AR N FE H ILA 4E 2 (HPMC, 20T 2%7K
WM B FE A 3 500~ 5 600 cp) T Sigma 23 7] .
0.5xTBE ZZ & 45 mmol/L Tris, 45 mmol/L i &,
1 mmol/L EDTA, pH 7.8. 0.5x TTE 2% &
25 mmol/L Tris, 25 mmol/L TAPS, 1 mmol/L EDTA,
pH 7.8. WNMEMENE, JRE, WM FEL =
558 T Sigma A W] HARBGRIE o rat. K
FIAEAE ] 18.2 MQ 22 B Tk il ikl
1.2 PMMA &HFIT

PMMA i 7 BRI B TR 248 2 5 R o T
PO B N S S R T UV-LIGA- #1886, #uUtk, 4
BEAAET 20N T, 40l 1a fos, SR
TR NG, 4 RGE E R BB AR A
2 mm . & 1o 2 WA 120 pm XL T
RUERE T R i R e, ol DUR H B T
TR, TERE RO

Effective separation ;‘
length 30 mm 5
%)

b Detection
w

Fig. 1 Design of the single-channel PMMA chip(a)
and scanning electron microscope image of
the twin-T injector of the PMMA chip (b)
B, S, W and SW denote reservoirs for buffer, sample, waste and sample

waste, respectively.

1.3 HHiRiR
FR 4 SCHR[12], B B4 0C &M FH & A

7 mol/L IR ) 0.5xTTE 23 fc il 20 ml 6% P4 ik
W, JFE sl B B TP E 1 h LR
SRJE N 20 wl 10% L6 R EE AT 20 wl 10% DY 1AL
Rl R R A N, RN RG D 3R 8 h A S
& 7800 SR A TE e 2R PR TR . s 36 A
RS B AT 7 mol/L JIR (1) 0.5xTTE 2% i LAIE
2 L A8 T - TEC T T 8 AR AN [ 11 06 12 2R TN 0 I e
T
1.4 EEFRMEEME

SRS BIEER T 3 PhAFUERATAN, HHELE
Y Z(MC), FRNFELT 4 22 (HPC) AL F 3 T4 3L 41 4k
2 (HPMO)X 5 e 1 R T AT B M. 18 7 X
I NN BRI HE R A, L Zh & & 2 H
FALTH 73 04BN 0.5%110 &P £ 4 2 17 A W /K i
(R 21 SR TR T AT kg VDK 75 20 e, R A A )
JEAE FLVK Z BT 1% 10 85 21 4 32 AT A 0 /K s
WEE IR S h AL, 2 K
Yo LBR A B T e = AT A e WA L, T
VKIS AU FH AR N LT 4 = AT AR 0 2k 2R TR AR T
R 0 53 RS
1.5 SHEMAEBIKX

O B UK SE B SR IR T L EFE
I, FERE L (S) R b B Wt (SW) 1) () k8
T8 FJitin 250 Viem (REFESg R, [R5l 78 22 v
L (B) A (W) - [a] it i 100 Viem 1 3t )
58, ANTTAER T HEFE 1AL TE Ric— BEAR R 2 (1) FF
aAE. AN BSE, ARG AN PRt 2 A (1 B
T8 B 250 Viem 18153 25 308, RIS 43 il 2 A
R B BB DN 100 Viem (1) (9137 3% 4 B 11 %2
SFERMRE B IE . ks Sl AT
(T 0L oA H L R A B
HIVK A I R 48, [ I 33F AT XU 18 SR 4 (Cy5 T8 i
632 nm ¥ K, 670 nm K4E; JOE ii&: 532 nm ¥
K> 570 nm KA. LERLI PMMA 5 F JEAES
(PO Rt IR > B EILME) L5 STR 432
g, AR T T 0.5xTBE [ 0.5% MC #%
WA T4 7 mol/L Ik, 0.5xTTE 1) 4%k PE2R
TR T e A A 7 5 TS A
1.6 STR NiEEPrtm

FER 241 DNA FFE 5 HH 2 22 5 Pk 28 58 vho 42
fit. PCR JMWAKZE K 25 ul, % 0.2 mmol/L dNTPs,
10 mmol/L Tris-HCI (pH 8.3), 50 mmol/L KCI,
2.5 mmol/L MgCl,, 1.5 U Taq DNA & (54EW)
TRECKE)A R AT, 0.2 wmol/L 51#F1 50 ng %
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Kl 40 DNA. 51 % /7 %) W % 1. PCR & ¥ 7k
PTC-225 Thermal Cycler (MJ Research, Watertown,
MA)H 52, FRF R 95°C 3 min, 94°C 30 s, 68 s,
60C 30s, 50s,70C 45s, {E¥ 10 ¥%X; 90C 30,
60s,60C 30s, 50s,70°C 45s, {22 K; 60°C
30 min Ji 4°C ff47. PCR F=4Jil i NucleoSpin®
Extract II kit (MACHEREY-NAGEL, Diiren, Germany)
Zehaifl. 5 B4 Uk I 2 HiE PCR 774
(2.5 ), FEATHEP 3 BUARE) (2.5 wl), 5 pl 50%
() BRI BOR A, 95°C 281k 2 min, HGHEK BV
W& H.

Table 1 The primers used to amplify STR loci

Locus  Primer name
CSF1PO" CSFIPO-F Cy5-CCGGAGGTAAAGGTGTCTTAAAGT
CSF1PO-R ATTTCCTGTGTCAGACCCTGTT
D13S317? DI13S317-F ATTACAGAAGTCTGGGATGTGGAGGA
D13S317-R Cy5-GGCAGCCCAAAAAGACAGA
CSFIPO® CSFIPO-F Cy5-CCGGAGGTAAAGGTGTCTTAAAGT
CSF1PO-R ACCACCCTGTGTCTCAGTTTTC

Primer sequence(5’'—3')

12 Primer sequences were the same as those used in preparing allelic
ladders, and were used to produce PCR products for STR genotyping.
3 Primers were used to produce PCR fragments for optimization of
electrophoresis.

2 HR5ITH

2.1 PMMA & BIEARFFE

211 HEIO6. BRI SO R
BRI 38, MR GRS A%, BT
FERRIE N T8 R (GR35 e % 48001 5
PEICRFME. BN Pyrex BEFS, A1 UCBEE, ANASBE
7, PDMS, COP Ll K PMMA %5:i% % 15 F i T4F
BHOIAR, BATKIL, PMMA HAT 55 47 55 B 55
Pyrex BEFAH 1 ST ILARM BE T 52986, AN
L5 PDMS AH bt FL A7 50 40 4 DG 5% 1 B[] 60 B A8 11
T RIOGIEE). XEl R RETER I, AT
JIT R FH () PMMA #4 8} L A% 28 1085 v M R 3 T v
PEREDOEARIC Y DNA 3 BUAG M. [mINF, AT TE R
B, RET A7 10 PMMA AR Y 5% 58 6
FAAEZESE, BT RAZE RS N 12 i o5 BT A e B
SR IGII R

212 KRR . A 40 pmol/L  Cy5-dCTP Fl
200 pmol/L Cy3-dCTP [1J7R & /K il 52 Cys M
JOE 1818 (A A I R, 75 31 Cy5-dCTP A1 Cy3-dCTP
PEMELL AN SR 30 121, FLMERE LR T 3 /EH
A RS 5 10 A WAz ik, W) Cy5-dCTP Fi Cy3-dCTP

(1) SE B S I R 1) 43 S 32 4 pmol/L 1 30 pmol/L.
A4 I [R] — Ky I 22 S8 4F PDMS A4 35 4 U 45 v b
Sy AR A 4 40 pmol/L Cy5-dCTP IR £ b 2y 719,
ATLLE H PMMA A BHEIE 85 v A S s (A
TR

2.1.3 HIME. it EHE T K 0.5xTBE 22
W) Cy5-dCTP F1 Cy3-dCTP 3% 45 33E R J5 3T # I 1)
Fge S bR e 22, FH LARAE PMMA G857 () L
PE. W T KIFE S BAT R ORI, U ey bl
HEREBI R IR PR T T R A R
UG 0 L ME . MK Cy3 E IE W
Cy3-dCTP {5 5 1E & W ks 1 — 4 Cy5 18 & 1)
Cy5-dCTP {555, ¥ T /AKHIZZ M AL h Y 3Rk 45
T RGP S AT A I R LR (R 2). A K
HIAE PMMA 5 7 E AT BUIE AN [F] 2 A i 1R 4547
FEDR 5> BURRER) VA — A SRR il T A5 BRE 1 AE
DRy R 2 2L

Table 2 Reproducibility before and after normalization

RSD before normalization ~ RSD after normalization

Sample

I Peak height b Peak height
Cy5dCTP" 1.72% 42.6% 0.05% 4.23%
Cy3dCTP" 1.68% 42.9% Standard Standard
Cy5dCTP? 0.60% 5.04% 0.11% 4.49%
Cy3dCTP? 0.68% 5.19% Standard Standard

D Sample contained 4 nmol/L Cy3-dCTP and 1 nmol/L Cy5-dCTP
dissolved in water, n=16. ?Sample contained 8 nmol/L Cy3-dCTP and
1.6 nmol/L Cy5-dCTP dissolved in 0.5 xTBE, n =9. ¥ t,, denotes
migration time. The effective separation length was 1 cm and the
separation field was 250 V/cm.

2.2 STR o#f
221 M.

MIEA A MR AR T (4% LPA, 0.5xTTE)
HOEAT FKINT S % RS R B B S AN SRR PR i
gy T 4 B A IR 1R A P IS (4% LPA, 7 mol/L
I, 0.5xTTE) FfH i r BEAVH O, WAL IEH, W]
REETE T AR AR, C4 AR I 1) %
DNA FF i (1) 52 1t ok #2 52 240, i BRI T S0
KUEE DNA WU R4, Bt AT Jo 42 S 5 vh 34 0%
PEAE 5 A IR AR PR EA T FLUK.

AT SO TR A R T AN R 1 B 2 i 3 7
B DNA F£ i AR S Wb, SESR A b T 3 Fil
Y L AT A S AT 2 PSR B MR 7 V2%
B R B AR S A K T DNA FE 5 %
SRR B, A IEZR TSRS, WM TR, (HEhSE
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M 5 () o R R A A 2T, A8 H VK AT REAT 1)
W BB ENTS 2] T LU IR 3 B . 3 MC
HPMC 1t 73 #F S R I 7 T R I LT HPC,
AR, MC AR5 ik HAT AR 98 1) TS5 Hh K e 66 2 11 R
J1, FrPATRATT e i 5 PMMA 85 F5 26 1 F MC W
TEAT .

I JE %5 8% LPA IRBEXT LUK 3. — =
it 73 I IR B 8 Ry, /N v X DNA 1)) JF 56 B
e, ARLR] IS FE R T e 3 B0 2 R v e A 1)
Tty AU LEK 3 25 BT T3 (R I )3 2 18 I S 7
TEIMERE , BT LA 20380467 53 ¥ 26 R0 5 A 1R 1 75

(@) (b)
0.5¢ 153 bp 157 bp
0.4} 341bp  345bp
5 184 bp 196 bp A
A

RFU+Offset

80 100 120 140 160
tls

Ko BT 1%, 2%, 3%, 4% LPA 1] 4
ANREE, SRR W LIS SRR T, R 3RAT
EFET 4% LPA, —J71HE ] L /2 DNA Ff i &
LB IESR, S U7 HAE PMMA 5 7
eI FEE PR 7 3PS AR L A PRI

S5k LR O o B RN SR THE U S5 45 AR AR Ak
A 3 min Z WS8R T KA % 4 bp B/
T 350 bp 1] DNA J Bt PMMA ot F 8 18 H (1)
O3 BRI (B 2a), [AIEHEB) 10 Y& SE3EFE T
FE IS TV ARG B O 22 /T 0.23% 140 e B PE (] 2b,
% 3).

10}
10 M A
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Fig. 2 Electropherogram of 6 denatured PCR fragments from STR loci of D13S317 and CSF1PO
(a) Representative electropherogram. (b) Electropherograms of 10 sequential runs. The PMMA chip was coated with aqueous solution of 1% MC prior

to the run. The sieving matrix contained 4% LPA and 7 mol/L urea dissolved in 0.5xTTE.

Table 3 Reproducibility of PMMA chips

with an adsorptive coating
Species 153bp 157bp 184bp 196 bp
RSD of#, 0.2% 0.2% 0.25%  0.23%

Data were calculated from Figure 2b, n=10.

341 bp
0.2%

345 bp
0.2%

2.2.2 STR 7 BUt&n

Zo i UK S Tk, FRATTIEE D13S317
HT CSF1PO P> STR A7 s 34T PMMA &5 v |
143 528 . D13S317 A CSF1PO A7 s 2507 JL K] 7y

RIBRHERI) DNA v BUK 53 7l 3 A E 176~ 208 bp,
321~357bp N, EEHAIE N 4bp. K3 RIER
T Cy5 bric 8 D13S317 H1 CSF1PO {7 s 28 for 3 K]
S RbRUEY) S JOE Aric 1) 55 B A¥ i PCR 97347 4)
MRk E . B3, B A Cys i,
A D138317 FI CSF1PO A7 s 55 47 5 K] 43 B AR 1 4)
VKA R, N7 R B JOE diE, h SEhrff
i PCR 4 34~ iy vk 25 3L, i BRI v bl
AT DA B R A S R 1R 2 2 4 R

D13S317 CSG1PO
020}
184 bp , 345 bp
‘\/ F‘ i
3 § W | Allelic ladder
£ o0.1sf ko)
2
5
0.10
STR sample
0 1 1 1 1 1
100 120 140 160 180 200

tls

Fig. 3 Two-loci STR typing of an individual based on the PMMA chip
The upper electropherogram trace is the Cy3 channel (allelic ladder) and the lower trace is the Cy5 channel (PCR products of an individual). The
sample contained a denatured mixture of PCR products from the individual and the allelic ladder. The effective separation length was 3 cm and the

separation field was 200 V/cm.
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Schmalzing 5155 21 (1) 55 i 73 H 2 A g R K
A2 4 bp, SKE <357 bp [ CSFIPO 47 £ ¥ fi
DNA J By B, JRE AT FEAR R, AR il
YEFRME M B A 2 I, AR . Yeung %5 A
Shi ZFEIR) TAE P BRAO  AR B B 2 8k, R T AR
(1) CSF1PO A7 x5 1¥1 50 M I ) 3478 3 T 10 min, B,
SR LA 38 s B 0 VA A L T I [), (HL 2%
I VAN D . Qin ZEPIE I TAIRECA ) PMMA Lt
Ay AR RS FE 1 HPMC 1R A0 20 A i 2
MUEE DNA F B, Hodsem 0 HE 3 AN 0 Bl REAC BEAH 22
6 bp, S KE <239 bp ) A S STR {i/ s XUEE DNA
R B 8. T SR S U AR TR o e B4
ERLKA I, B LR STR S I A5 11 52 FH
BATFEAEE R TR AT PMMA 5 5, Gl £ 4
FATAEYNTE TER TN B UL 53 Rk
Oy RV BSR4 A AL, $ e T S o B
DNA F B 9%, 16 3 min P 5g il T Bk K &
A2 4 bp, SKJE <357 bp [ CSFIPO 47 /1 B fi
DNA v B R PRas e 25 73 B85 S RO GRS

UBAN, AR 73 R Rk, YR DNA J
B B0 G HE . Wenz Z5E09HE HY T3 51 A1 22
1. 2. 3. 4 bp [ STR %54 & DA A7 mi 45 AL 3R 43
99.7% B Aw DX 1], A fi 22 A AT T+ 0.15 bp.
+ 030 bp. + 0.45 bp M+ 0.63 bp. H L7 PMMA
SR EA BT 2 STR A7 s 8547 He PR 43 B bR UEY)
FUE NI R, AT TR AT LA Y 176~ 357 bp

Z A1) DNA J BoK & 5IE A I i) LA AR (2 vk
FHRNEG?=0.9999). ] A 2fe /> “Peak Analyzer”
X PMMA G857 IR HLK 45 REAT AT I ) 9 ) 4015,
AR5 LA Cy5 FRICH D13S317 F1 CSF1PO A7 15 1) 45
P KRR 53 BURRUED) 9 HE, 4 JOE F i 1) 5 B AN 4
FER I DNA v BRI 51T 8% I ) (R 42 1R O6 3R
BT RS, ik 4 B, A3 E1 DNA
 BOR/NE BB AR R ZE AR /N, L b P 3 A v i 22
Mz 0.07 bp, K A+ 0.130 bp, #H/N A+ 0.057 bp,
WAL T+ 0.63 bp IEAZK, 5 Shi &P bR
R 22+ 0.06 bp,  d5 Kbr#Ef %+ 0.10 AHY, 1M ]
AR TR B 404 HL VKA ABI 3100 + 0.20 bp 45
AE 2209, B FRAT TR PMMA 85 HA R &
MHERRPE RN PE.  [FII XUO S 23 SR A (7] 9
FAR I SR B BB HED) R SE AT i, B2 5k
BT TR]— 2986 bR 1 (R 35437 356 DR 3 B v A0 R SEE o
At L] IR, 3 G T A5 FER 2y B RRHED) S5
S AT il T S S R AR A v AR A A R P B, OROK
167 2B BE SR IAR B . (HAEE 4 th il & H B i
B BERT VT S04 31 1R ot K B8 2 TR A — 5 1)
¥, WRESE T2l T AR SRR R 4y BB RV
S BRRE il 12 3 AR B AR L R 4 1 K
NI ZESE, FEWT DNA FBEREERS e M. J@ it
AT 51 38 A b A [ S50 JEE DR 43 B b E D D 1)
A UK UE S T X R A7 E .

Table 4 Precision of sizing STR products on PMMA chips

STR locus Expected size/bp Calculated size/bp SD between runs”/bp RSD between runs”/%
D13S317 184 184.97 0.057 0.031%
188 188.77 0.075 0.040%
192 192.64 0.053 0.028%
196 196.61 0.069 0.037%
CSF1PO 333 334.05 0.130 0.039%
345 346.25 0.066 0.019%
353 354.29 0.067 0.019%
349 350.28 0.078 0.022%

Y Electrophoretic conditions were the same as in Figure 3, n=8.
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Abstract

A novel method for high-performance and high-resolution separation and detection of single-stranded

DNA based on low-cost plastic microchips using electrophoresis apparatus equipped with dual wavelength

confocal fluorescence detection have been developed. High-quality microchannels are fabricated on a thin poly

(methyl methacrylate) (PMMA) plastic sheet (0.8 mm), ensuring superior limits of detection and good dissipation

of Joule heat. A reproducible allelic profiling assay for the analysis of short tandem repeat (STR) was developed

using replaceable denaturing linear polyacrylamide as the sieving matrix and cellulose derivates as adsorptive

modifiers to suppress nonspecific adsorption of DNA samples to the PMMA surfaces. Under optimal conditions,
all fragments of the STR allelic ladders of the D13S317 and CSF1PO loci as well as PCR-amplified samples from
individuals can be separated unambiguously within 180 s. These results demonstrates the potential of plastic

microchips for low-cost genetic analysis.
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