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Fig. 2-11.The illustration of PDMS microvalve’s function structure.
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B 2—12 ARRT R R EE
Fig.2-12 Optical micrographs of different valve and pump

configurations; control lines are oriented vertically. Optical

micrographs of different valve and pump configuration (A) Simple on—off
valve with 100-mm control line and 50-mm flow line ( “100X50” ). (B)
“100 X 150”7 valve (C) “100X200” valve. (D) A switching valve.

(E) Parallel micropump (F) Single micropump.
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2.3.1.2 PDMS—PDMS W FR M £ &

- “PDMS—PDMS A" &—MEFHMR, UEREINIERT, BiEg
FBATRIE, HH ST, FEEARRENT. 3 /N iR PDMS S Ehis Rk v sk
5, EHENEFES TRERRNFRREAES, TR
. XMMEEMMEAFMN AR, BIAER, HFERSEA,

A 407 RRIBKXFARPRE, “1” REEFBIRS, AT “XXX” 15
FUARR IR valvel. 2. 3 HPRAS, B TASEA: “000%, “100” , “110”
“0107, “0117, “001” . E 2—13 9/ BB Ik M MR T /Rt 3
MAIRTE IR /2 AR BRI TAESERS R . NIRRT LA B, 7EXFEE ATt
APREERIERT, WiAMNEE T sEmaEE Ly,

Liquid




64 PR AR A P S IR BRI 90 R SEAE F vk R O LA

B 2-13 PDMS R =N TEEIMR
Fig.2-13 The images show one cycel of PDMS micropump composed of
three valvel, 2, 3 in sequence. “0” indicates valve closed and “1”

indicates valve open. (A)” 000” , (B)” 100” , (C)” 110”, (D)” 010” ,
(E)” 011”7, (F)” 001” .

2.3.2 FIE—PDMS Z%35 8 B MR E

{E,2 PDMS #R B B BF — S, PDMS REMIRE T 25K
Y, SFZEESEEIEERERK, AR TEF K EERNTE, F
A A S AR FERAER. MAEDREET. Fik 2003 4F mathies WA
R T — B —PDMS 308 A HIRIH12], SIE TR RE, R
N TR AT 2 E P E[13-17].

2.3.2.1 THIE—PDMS ZL3sihs H R IE
PFE —PDMS 2388 H T LA Z B ZE R R (8 2—14)[12].
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B 2—14 BXIE—PDMS 2T E 1R 3 B 4 BB E.
Fig.2-14 Cross sectional, top and side view of (A) three-layer and

(B) four layer diaphragm microvalve on Glass—PDMS microchip.

ZREM ETRES A ARAEBENSBKEE, MEABRESE, HiE
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B2—15 ZBEAXEABELN TERE
Fig.2-15 The photographs of the liquid’s transportation on the three-layers

hybrid microchip
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2—15 JBRAVEIE K = B HEE H3ES —PDMS R R IE M A I X
R, MEBESAMRAR, £APFRBIER T4 1.3mmX0.8mm,
R IR R ~F R 1. 7mm BRI ERE . BEXEERRBERERAMETR, A
EX BT RN TR . NER UERE B —MER PRI s
i 27 o ) SE R AR '

2322 K —PDMS R EREEE

St —PDMS MR BT 2, %GR B 6 ARERAR, TR
2 63mm X 63mm, oA RIHEEME 2—16(B,C) fim. Wit T —RIAEFA
FIRR LI /N R T A8, 6 MUERE (F 1-6) HRRERIRST M
B ERREDA 0. 5mm, lmm, 1.5mm, 2mm, 2. 5mm F 3mm. 7 A5 9
WA /NETRE, SRR 2mm X 1mm BIHEE . =AM FERR PP B9 Pz il T 7] B
B/ MEEE, B 2—16A, Hrh A T i 1R 5 AR I YRR R T R
Ve, G475 v 0 18 SR (diaphragn valve) , BRI/ ELEE MBI
FITRIE 121

& 2-16 (A) :/I\ﬁﬂéﬂﬁkmﬁﬁT (B, C) ZEHHE- PDMS TR
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O SRR IR, B 6 HAFIRTHIMEE, MZ @ T o 8] I FR s

5, 6 MR IR B AR /N BIKSY A9 0. bmm, 1mm, 1. 5mm, 2mm, 2. 5mm AT 3mm.
Fig.2-16 (A)The micropump include input, diaphragm, output

valves. (B, C) The six different microcpumps integrated on microchip and

their diaphragm valve’ s diameter are 0.5mm, lmm, 1.5mm, 2mm, 2.5mm

and 3mm, respectively.

R 2—1 IR MBI BHERE S SR

MRSE | F-F ;4 B=F | HNF BHS EVAv. 2

MR 100 ‘110 010 011 001 000

il Bh 8] T1 T2 T3 T4 T5 6 .

Horp “17 ERMETTE, “0” RRMEXRFRRE, = T “XXX”
FIHSIREMR T NEZGRRMANBE. R, % RERE.

L 2R RUSF /NSRS 390

S BB (T1—T16) ¥ 500ms. Hb L3, HUREHE K
B, ET MR R R A, A MR R R R
EH% K. AE 2—178, 188, 198 AT UG HIFE IR, ERNM
LRSS, 58 P ROt B T A B R R A B R, TR
H K BIR I BIZAT I Cactuation time), ¥4 SEEA TR,
W 2—16A ST LR TS BIRA KT 2. 5mm 2 /5 VR F AR
KK, RTTHAE, SIEEFEBM, % 5RITNED A5
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Fig.2-17 (A) The diagram shows the relationship of pump’ s flow
rate with the actuation time fhat is 500ms (B)Linear plotting the flow

rate of pump 1-4.

BATSUH S5 R RIS 8] (TL—T6) Y82 T 1000ms HATEE. M
12— 185 57 BLE th, ZE R R ST 2mn BT AR KR BB X R,
SMIEERKT 2. 5mn B, JOERE RN E b (8 2—180) . R
EEE ] 2—17A F1 2—18A, ATLLEH, B[R] 500ms FEHK 2] 1000ms BF, ZE
5 (E/2 2. 5mm) MFE 6 (B 3. 5mn) AYIRIELE 1000ms B BILAE 500ms F i
HEHR, XRBT 500ns KB RS A BRI S, M0t IRk
2] 1000ms B, & T EL W B TER, BRI,
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Fig.2-18 (A) The diagram shows the relationship of pump’ s flow

rate with the actuation time that is 1000ms (B)Linear plotting the flow

rate of pump 1-4 .

ATHE—PRAEXMRR, AT HIE 455 2 300ms #1728,
WE 2—19 Fiom. SRKEI, HEFIAM 500ms 45455 5) 300ms Bf, % 4 (B
2mm) JEE P HOIBABIERRT S, BEERAAEARELER, XA GR
SRATRIE TS HT 0 — 3.
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Fig.2-19 (A) The diagram shows the relationship of pump" s flow

rate with the actuation time that is 300ms (B)Linear plotting the flow

rate of pump 1-3.
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1000ms. 2000ms. 3000ms. 4000ms, SRHFFRAN. T HE EXTHRERF .
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Fig. 2-20 The relationship of the diaphragm actuation time with the

flow rate.

ATUAE BIRBRE IR 2. bmn R KATE 2—3 B ER, REIATEE. Wk
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2.4 IhNgE

BB E T HREEAMERER RS, AERENRS, BERKE
HRIER, ZIBT “PDMS-PDMS ” F1 “IHIE—PDMS Z:Ar A7 WFRS A
BT S, ZE T MENMEASE, v ETRIMEEMRERERME TRR.
AR, ETH/MNEEAREIES, HFSFEREMENERNE, &F
SR, AT LRMOBER RS, UAERERFEDNRIRE
MENFFBRTHRIEA S WEERIRE T BE IR BARRENE.
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B=E %ﬁ?ﬁ?ﬁﬁﬂﬁ&%iﬂﬁ*%?HH%})H%?%
3.1 5|8

B EAMEEAAEARA) Manz SR A 5 %8 Oliniaturized total
chemical analysis system, u-TAS) #E&LISk[1], 7EX-+ LEFMKEBE
REARBIT WERREL2, 3], &4 BKIENMRRES LS B AR — B
ETAMFR, —HREMIFAMAELHRAL, 5], &4 Bkl B
AEHNT, KBS FREBTERTIBRAMTALNES, wERRRBH
—FHERZ P 49 4T 4 B AT RO SR

MU IZ B E B IS A Microfluidic capillary electrophoresis
- chip) MR ERBME RIS RABEIGH £, BI85
‘%v%hﬂ#m%ﬁﬁﬂﬁao@H%ﬂﬂ#muﬁ%m%&ﬁﬁﬁ,E@
;am$u%ﬁ%>ﬂmﬁwmmmm@ﬁA%%m'noxﬁﬁﬁﬂm~A
R AMBE S BB EMA RN, BB BE /7R R 7
PR, RAESEBENLR BRI, JEEHATES B REH
S B EEL S (X A\ 4 B S

E LA SRS, ERRUBES BEIMRE, KUEEET L
BRIOAF, 08 ERBIGERE AR, RBEN I RREES S
IR FI AR FIRE A

BIRE—REFRKRBERHENFTR, EHTFrEmss, &
RIS A P T SR BB AT, 2 MR O 4 M 42 R
AR TRS], T A9], +F X XA10], WA+ X[11], £ T B [12]
L. bR AN S FR10] BB LR (8] RFEREL10, 13, 14].
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R EAE[15]. BAE[16) RAM T R, H R I BT KT DA AERE &
XwilgEasas, ARTFRANAE, TUREBREFNSBRR.

Tt i B R BRI A 2k, 2R B R R D R P Uk
BRI, BSR4 CHBMA” (17, 181A “ BB, KE—ER
B IR T B IR R RS A R R, RRRER BB AT
RiF .

B WRE T AGE LR B, EEREHT 2T ANKERY,
20]. BEHRHTERFESES (B MEMEEKAE [7, 2 INERES
[18, 19, 22] (SMEESFAMSHERNTE SHRRLH. HEHIRH—
WRKEREREE ALY, BATENE, BRATRESRS, B
WER KT, WEEESRETL, SBHE AL BLEERY X,
REE 77 BT 3 B i A O VRS B/ B R B S L U 1 P A
K7, WSk, BRI T AN S S, EREBEOESE, FNH
T B R TR — R R TG, RIS RRE, TEMNEER
EORETAVE ST R SRS . TFEAS P 42 AR W VT U SR R B A

K TAEBEAE S F B2 AR ISETL T RE 5 B $ TR SRR HERE (negative
pressure pinched (NPP) injection), FiBidiRIERINMERELR X ZXZ
BT TR, BRI, VRO R R IR, R
PR R R R T A AR . IR P AR I AT LA (B B
MR EE SR TAER, ALIAMTES A SR E 0 RIRAR

[
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3.2 SCIGERSY

3.2.1 S ESAIA T

RIGERMNIE B RIEBEE AT T EEIR (SDS) , BER: BE
B2 Arginine (Arg), H & MGlycine (Gly) 1% & Serine (Ser) 4 &
Sigma-Aldrich 2 ®] (St. Louis, MO, USA) . FITC ¥ H Ameresco 2
(Solon, OH, USA) . W2, NaOHFILFRALZRF B . BREFBRMEASL, &&=
FRHR R B R R A WA, KR P KR 8
- AERAIERABTBENMRIES O, AR K
94730m B WS, T 1OM, KT RA K H520 nm. HEHLIZ IS
ﬁ%ﬁﬂuﬁﬁﬁmﬁ%ﬁﬁ,%ﬁﬁ%ﬁﬁ%ﬁﬁi%%%?%&ﬁou
COMEAREBRTMENSR, SRMAESHEZHRIALT—NTHRFS L,
B CCDTE RN B n 28 B L BT A BB AT O B I = A0, AT DAME
IEERRE . SRR B BT R R BB VB T 1T
i, HREANBRE_E. SEBETEHENIEH TRA0—4000VEE,
SIS BB I AD/ DARE B 4T SE I SREFMETE

322 SR BEIEREHE

3.2.2.1 BHRUFIE

O Fr SR FH 3535 — PDMS — BE RS Fr T M 28, R E 4 BI6. 3X 6. 3 e’
RABRBE S, ERAMBGS, FRAAEG, %R #2500
HIPDMSTERE . I v SRR LRGSR VR, s B (3B
it FiMacromedia Freehand ¥ 451, A4 @38 Wit 0 B LA e R
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BRI AR, BRBEAREENRZIRNBEEER (KRIDELHE
WRERAFD, BIELE 2 IHE/HNO, (210/95, #AFtL) BEATIRIE
ZIoh, ZIHEELA v m/min. 8 5 20005 AR AT FLAX (CK-250L, T 2Rl
ALt EEA AT LITHRZ2. SenfIFLALERERE R ARFZ A, 2 5%
S B NRBRER/WEUK (3: 1) MR ER ZBE40min, 25 AR KB E D
T L ENBARTREE R, BI1E 580um, R 20um; T EASEE, BIE % 2000m,
R80Hm
3.2.22 BRAREE

5 TR BRI A (1001 H,S0,:H,0,) ¥4 5 F — IR R 18 /K i Be it
T FIER UPDMSTE, B 5 9254 pm. TEREL £ 30 B A ST PDMS T i
BETHEFESTE, SBESFEEMNE, ARTHRE S RBAER
S, TR AT IEE AR TR, BEBASCCHET 1008, B
HERRAHNERR, FERBOMIMERE, FASEMIFSRERIT.

3.2.3 R/ AR ERRS R AR R TR

BAMTREMES, MRESESAITHA ZRERKETE B
ARG RAMFITCARC R R E R SN T At A, ZvEBoy (20mM
WER 2L 22 rR VAR (pH=9. 2) +0. 1%SDS). |
SR AR TR RN T
1 WUETH, ERBENRE, RES5002H
2) W1, 2JF/E, W3, 43kH, REFS00ZFD, BLEFEMXHTE S
FEAE R R im E gk 2 X (BI3-3A)
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3) SPGB E R BT R A, S
SEEE R M B | | |
W24k S RIFTFIS ., HEWIIEA, REF100Z=H
B2, SFFA, W1, 4354, 128100028
BI3FFE, EAMITIXRE, RE500ZH

B3, 4FFE, |1, 2%H, HSE300=#

BATFIE, HARBITXA, RE00EH

WA R, ARRE300EH
INMREPRAS, “17 RRWIEITFF . “0” TR,
R3—1 T H AUESREHRIE S

4)
5)
6)
7
8)
9)

1 &2 &3 4 FESNEE | BT (E] (ms)
Stepl 0 0 / 500
Step2 1 0 / 500
Step3 iGN 1800V 19000
Step4 1 0 / 100
Stepb 1 1 / 1000
Stepb 0 1 / 500
Step7 0 1 / 300
Step8 0 0 / 300
Stepd 0 0 / 300
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step 2

Electrodes

step3 (separation) |

step 4

B3—1 MERAERSRRHFFEIERER (955

Fig.3-1 Schematic diagram of the valve’ s actuation used to
generate negative pressure in sequence (9 steps). “0” means valve
closed and “1” means valve opened. “1000” , “1100”, “1100”,
“0100” , “0110”, “0010”, “0011”, “0001” and “0000” mean
different valves’ states in one injection cycle. Cambridge blue:
liquid in the channels, red part: no liquid in channels; pink part:

two platinum electrodes (one for high voltage, one for ground) used

for separation.
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33 ZR51TL

3.3.1 vFigit

B4 RREAAPIS R, LT FRA BNEIRS A b
79250umXJPDMSTE S, ERAMEE S, TEASBGH . TSRSk Te
JE R PDMS T T 1 3 T o E BBt Fr 2 ek,

O Fr B3 —2577R, & A B4 BEEIE Je36mn, HEREBE32mm, T
AR EE AR AL T ARV, V2, V3, VA (BI3-2E) , U/ 18 7T LALE AR 20
MR, AFEERANESD, FIEAVI. V2, V3, RAAEV2, V3, Va; H
V2, VI AR AEMERTHE .

Bl 3—2 RMMERAE#EMEESHE (A B) HAERE ©
SHEME (D) SRZ4MEE (B MRS RARER (FE1. VI,
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V2, V3; FE2: V2. V3. V4,

Fig.3-2 Schematic diagram of microchip integrated with diaphragm
micropump‘ for NPP injection. (A, B) Exploded and assembled
illustrations of a single monolithic valve. (C) Picture of NPP
microchip with its manifold on the top of the instrument. (D) Layout
of the NPP microchip. The distance from cross-T intersection to
reservoirs: SR 0.8cm; SW, 2.4cm: BR, 1.8cm; BW, 1.8cm. (E) Partial
enlarged image of four microvalves and twb pumps. Pumpl:V1, V2, V3.

Pump2: V2, V3, V4.

3.3.2 i

ST, BATEH T ST B — AR B SUE J7RE O MES
WH, ERETETFIEX ORISR HAE “push back (EIE)”
SR, EVRZERMRT, WE MR SWER X0, EERIMT
— SIS G . R SERATEN T IR (V1) BPRIRSR N L I
B, EibE PR VT, ERE TRER LRI, SRR
By o BB TRATT S 5% P S R E I 1 I TS, R B R, 3L 22 14 O
ERER BRI, WA K HIRNE RS EEA T X AE B R E 3T
PR, TN, oI LR W
B AN BT S/ JVBOV2IVAS VL, IR B B 403 — 2B 7R o
I AR, AR T RS, RIS ARTL T RO S TR
RGBT Ao
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R3—2 W@ (V1. V2, V3., V4) R~t&¥$=x

TSR pe— RIREREZ
23] (EFR) (HREED
e KBz | EWEE
V1 100 um 300 um - 600pm 400 pm
| V2 . 400 pm 400 um 1700 pm 900 um
V3 400 um 400 um 2000 um 900 pm
V4 300 um . 300 um 1200 um 700 um

F3—3 SUEFRBRFOGEE () DRTES, #RE+35 A
RSIRE A (B—D) Mk R S S e

Fig. 3-3 Fluorescence images depicting negative pressure

RS

pinched sample injection (A) At loading step, the pinched plug was
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formed ”by integrated micropumps. (B) At dispensing step,
electrokinetic force made sample migrate. (C,D) Fluorescence images
of electrokinetic dispensing at 1s and 2s, respectively. Sodium
fluorescein: 5X10°M. Separation buffer: 20 mM sodium borate buffer

(pH 9.2) with 0.1%SDS, separation electric field= 560V/cm.

3.3.3 ML

BN E e MR MR IR, BEN TR AFHITIN, FEORE
TRHRTE o B TR | R RN AR I EE’JE’HI’]U\&/&EI—JF#XT%%E'JE?“DO

333.1 AFBEERT NN

EMWINERNE AR - BERFEEN, MEKRT R PRMERED
BB POMSEITEAS =4, MR RIE B AR, FEAE I A T T B8 AR
ANo BI2FFER (BT, MESECH “11007), HREESEEEN+FRIX
OFERRE S, ZXEZIAMESZENHENNSTESY BOIKER,
YHREHKT ATV RAERR, XERHHKK, EHEENRNEK, AL
HEBEEAN, AT BNEEE SR SMA, SRXWRE, R
BTSSR

B SHL A1 Toxeh 722 A St 37 1K 4 B B R PO T B R0 R I S P AT T B R
E3— 4R MIRA R B R A BRKEE . BR3I—1TT4, BMRITEN, &
2 B 7 ROVE R, e BE AL T R IR X o FESRIRI2 T /5 B 1 23 51 100ms
500ms, 800ms, 1000ms, 1500ms, 2000msHf, X3¢ YeZRENFEMIZELLFHFELIR.
GEREH, EAENTRIAIRSDAHIA2. 5%, 1.5%, 2.3%, 4.7 %H10.7% (n

=5) . 500msIRHFERRBLTF, FAMIEE ERTLIE HEE R ERER, oK
RIES00msLASE, HykiER EEMIRE, FIIRATEEE00msIE AL fE RISE
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Fig.3-4 The electropherograms of serial separation of sodium

fluorescein (1X10™ M) when the valves 1 and 2 open forming pinched

plugs with different times.  Running buffer: 20mM sodium borate buffer

(pH 9.2) with 0.1% SDS, separation electric field=560 V/cm.

3.3.3.2 BEXFHITIERENT

TEEENADERRE THAESBBEANBBREE, Bk
PRBOUA ZIRE L B FRIKAT 9, B3 —5BIR T 7E1000V~1800V HHERE R ETEE A
B {5 Pk i 1 10 AR {h, o 7E B R KT 1400V, IR T AR (ORSDER A AR 2. 5% (n=5),
B &AL T 1200VAI1000V R ERT 3. 9% F13. 6% (n=5). & FI% &1 B E ]
PAJE I SE I8 B 1800V Ay 5258 5412

CLHE 0 BB, B 2 AT (]
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Fig. 3-5 electropherograms for series of sodium fluoréscein with

different separation voltages (1000v, 1200v, 1400v, 1600v, 1800v)
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—H577 (23] ZEHAERFT 7] EHBRAIRAERE /70075 IR R
W, EERRSEHBIBMEMREREFIERBESE. WRERER
() Grihifiith (B) AN AP IR AR (BW) MBI 53 5 il v Hezoms s o
WA, R E I IR 2 D B 2 T 5198 R =Hamman o Hean BT, 2353
PAIEI B =Hgmman=1.5 cm, Hpan=0.5 cm, THRHMIDH BEHBFE
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AR R .
334 SERMRBAEEETEGEE R

BAVE TR R MR R SR ST, ORISR, AT %
LZITERE PRI TS, AT RARPRET (IX10°M/L) ELEHHS
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Fig.3—6 (A) Reproducibility for sequential 25 injections and
separations ofv1><10*M sodium fluorescein, RSD (peak migration time)
is 0.5% (n=25). Separation buffer: 20 mM sodium borate buffer (pH 9. 2)
with 0. 1%SDS, separation electric field= 560V/cm. (B) Oveérlay of run

1, 6, 11, 16, 21 for NPP injection (marked by arrows in frame A).

3.3.5 ERNRE B EHERTEELR ﬁn oE

3.3.5.1 FITC #ric @&

SEMMSERR. HERNLERRALERRERE (FITC) #
FTATAERFIC. FITC B = B AR B 2x10°M R 2x10°M (I A
AUFTEEIED .

¥ 10 pL 1x10”M FEBRA G EIREE 2 B 10 pL2x10”M FITC #rid,
VAT 80 pL 100mM HIBEEANE IR (PH=9.2), BEEH FITC BE/RELA 1.
10, FITC it . -

%SMJMWMéﬁ@SﬂLLﬂWMﬁﬁ%%%%smanWMHK:
Wi, FEFICEBRIESFAT 80 L 100mM HIBREREANAE R (PH=9.2). &
EA FITC BE/REA 10: 1, RERLE. B ERABRERERMN 2 /)
. B4 EUKFENER.

SEIS BT AL EIR VAR 10 uL YT 90 L —¥R/K .

3352 §EBRERTE

43 BT FITC it B A1 B W I B 1 B Fob e o P B2 UM R WD ) 7L B 7
BT ERAT T 404, B 3—7 REERE A FITC BE/RELEREY 1: 10, B
N FITC T8, HMFITC ETFRERE M.
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Fig.3-7 The negative pressure pinched injection for separation

of amino acids on microchip . Electropherograms of 1X10™M Arginine

labeled with 2X10™M FITC and 1X10™M Serine at labeled with 2X10™M

FITC, respectively.
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Bl3—8 FITCHrL A H &ML &R > & B ikiE &

Fig 3-8. Electropherograms of the mixture of 5X10™M Serine-FITC
and 5X 10™°M Glyine—FITC. separatién buffer: 20 mM sodium borate buffer
(pH 9.2) with 0.1%SDS, separation electric field=560V/cm.
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BARMIAR, BRX IR EERERE RS F 6 2 PIMSHEERE
RS EM, FIHPDNSAN SRR A I BB, XESER
Fih. (A TR E SRR — BT MR 7, SR PDMSHO 18 5 T 1
TEAESEENR. RIS Bk 5 PDMS R M &4 i 7 ik DB R
HATE, BFEEHIE24, 25]. BAKMEI26-291%, 15R4% LiRPDMS
BTG, HESERMEREREEFNIBERER.

3.4 INGE

RETERERMER R IR, ERZITERE T
Bk 40 75 ¥ B BN BEE BT AR FE B BB AR R . A IX P i SR RE25 R, 1R
TERS A [A) A& = IRSD 4 580, 5% A2, 1%, B T RIFMEIIE. &k
fEfIE, RF-ANEERENTERARESBESTERE: ERNEERST
MEZMHETRIERTAS, ARREERSBITRTIRMETHAHER
pa: B
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BME ERNERAERSARTE TR A BkFRIEA
4.1 8l8

WS A 2 e BN EEM AR EARZ —, ERERREM SN
HRLFETRARER/NFE LR RIEESFIREER 1] RIS A
FIEME B (microfluidic chip capillary array electrophoresis f&
FRMCAR) 1B B #2585 Fr mh — F PRud 1) i@ BRI 77 5, 7T LAAR /D BRI AE AR 3k
BRAKEEER, ANCEEARE. WHEFE. ZTEILERS, Rk
GONAD AT T IR FRAT 2% 77 B ESERE, Fael L EERAR RS HAR
TS SR, HSIDNATI T . Sl /04T It BR SIS
BHmAHEFTEER [, 3].

Ha7, BRI —SURE TES LK wF R RIF[3-11]. MathiesH 5T
ANRTERR R S RS Bk AT T — R B @ EDNAE R R BB T
e, HPEFLEESEM12(4], 48[5, 12], 96[7, 13], —HHI384BIE([3];
3 EL R A 384 IRE BB AN PR UK, 3257 P %384 M DNARE 5 it
17T REESBFNF, o RR T ZHARTEDNAT 48U &8 2 74 1R A
RiEt. EhrlichZ ATEMLERY BRB T —F768IRFESIR Fr sk B, X
172000 ANDNABREEXT#EAT T 2047, #EFAZRIEE] 799%(6].

Bt Ab, Harrisonds 223838 SRR A Bk BOAR B T4 43 T sk
[14] . Ewinghff 75 7L £ BIEREFE Fr BavkF & L4047 TDNALS] & ERR (9]
B [15) S FEYRER . RATRBEBETUIEEN. IWHHEET
MEFIIRIET R REF AW T SFEDNMS[10], BEEILPE&#TT T
wEYZBEF RSP,
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ERTEXRZ AR ERSFNTR, AT RO BRNKE “+358
LM IR <877 GHABIE3, 4], BRFEEEN E M, X
18 A R AR B 2 BT, KK T A 3R e LR SR
BiEHA. RSN EASHEKERSA TR A RS RBRN R
B B B TE AR A B E Xt 6 5 5 IR M SRR

T R 7380 RE TT A 0B bt ML, GRSEHERERT 1), SR AT LIRRRRRE
R ER R R R (16, 171, B ANIIFAER I TR R St
FAZG A TRk (MCAE) BiBEAW. Akira [181F1& [11]4F H#E S
SO T 2B RS, ERBENTREE, BB FRE SR
EREE RS RS, ThangS AFIFSMNER, 1055 LS2OL T W8 A
123F 5 R BN 2 818 4 S A [19]

RAVESEZETAERER L, 12 T R B0 5B e S R EE R
FETREBUS I kAR [20) . & R A BT AL A

L RFISUR AR, (R E SRR TR B A, Kk
MR T X E BRI B R, AL T A B R SR i

2. WIS T RSN, i (loading) FIAGEEIR, BIET EE
BRSO AT LR T (R SR SRR B T R TR B 4 B AR 21,
22],

3. A ERMERRGE T S A PBAED, BT 5 MR THTE
B KR EE AR AFORE.
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4.2 SEIGERSY

42.1 #R5EF

+ AR EEREEI(SDS), EERR: YOYO-104 H #5417 (Bugene OR, USA).
SHRFREEFL (Tris) , EDTA, Bl (Boric acid) . NaOHHTPLFAAL 3R
A5 BOLRMNE B RELEFFAT. DNA marker (100—bp ladder,
100bp—-600bp) M B AL R AR ARAF; Ex-Tag DNAR A B K HARPCRIAF Y
MEREFEY A BBRY 76 ERNET &M BIRYILEAY (PG
- BioTech) ; HRWEREL R HPMC-50, HPMC-40000W E sigamaA&; KR4
RIS, AE PR KW EEFI AT A, KIS ZOKERH]

DNA #5434 Bi: 0. 5% HPMC-4000 (hydroxypropylmethylcellulose ) -+
TBE buffer (100mM Tris, 100mM boric acid, 2mM EDTA) +0. 1%PVP+6%H
B, : |
ZIRE DNA RSk B REERIKEMBE ZER, MR & RELR
P IRt E B il T SR B R Y DNA.

314 S1 FFHINIEXSE: 5 -GACTCGTGGTGGACTTCTCTCA-3” |, R .M4k:
5’ ~GAGGACAAACGGGCAACATACC-3’ , E#ARF=¥IA B 229bp.

PCR & MVRA3%: 10XBuffer 5L, 2.5MM dNTP 4pL, primer 2 ML, DNA
AR 1.5 ML, Ex—Taq DNA X585 0.5 ML, TIRZEME/K H20 37 uL.

P

1. 94 C for 5min

2.94 C for 30 s, 56 C for 45 s, and 72 ‘C for 30s, H 1% 30 4
(1282

3. 72 C for 10min
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PCR ¥ 1% RIS~ GeneAmp® PCR System 2700 (Applied Biosystems,

USA) o

Bl4—1 ZBEHRESHEIRNEE A BINE (B) 28
BEFIMARERGEYE (O ZBERLEEREFEER

Fig. 4—1 Schematic of multi-channel fluorescence detection (A)
Photograph of analyzer (B) Photograph of optical system (C) Schematic
of multi-channel fluorescence signal detection.

AE I TARRA BT BB MMESI RIS A I, RSB E LA
4-1o BAXERBOL RS A4T30m 1) #OEER, THR10M, BOLIRE R4 6E
R (473£10nm) EEFGFHRHE R R —FL, BH0 EAFHABREE
BEREEGHEIINCEE L, WTBUR FESHOEE T 5 e R = 5598,
KEHRIEE R R —EERGBETRE, ZFEEEIEEH (520£20nm)
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FEEBEREDL, BEHI2bit CCOD HEk (EREBFEBFETRKATD B
25 Wi/FPHIRERN . BRHSTERSBEFBESHF BB EREAT, &

FEIHEERGEREDSRRSE, HACD BERE, LI EME
BB TIEE. Wil REENE4—-2T7R. '

High vﬁ!tage. supply

l——d’ electrodes@l

o - ;o - ;- ;o
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4 ) i ¥
i : % Micrdchip
1 ‘ f
4 ; i
[ £ SN VA S
Band-pass filter R/ E;:Famera lens
Cylindrical lens L '
D ' E N (3
Concave lens "%, emimmal s nd-pass filter

B4—2 FEFIHRES P E R EREREE

Fig.4—2 (A) Schematic scheme of the instrumentation setup. LIF
detection was achieved by focusing the laser beam into a line across
the array of microfluidic c‘havnnels at a 30° C incidence angle relative
to the vertical. The excited fluorescence was collected by a CCD

camera.
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423 S HHME

GHANZRMPIE—PDMS 5. ETHESATESE, LBEXR
REBERR, TREAREE, IS A RARELZIAL 3G M, A
R LS =28 " . PDMS BEEE N 250um, "WHsETHERE
G e, RTINS B R XARES R IT.

4.2.4 WIS B E B  AE

BT RS, S P A RO R IR 3040 5 1S
DN 5> BAIE N T it . B v, SErbBEMbiE A%, 7ER (R
FONATB A RA I SN BB . A5 5584 700 4) B3 JE DNARE S A
BERMLER, DNASE A AFUIINRE B BEANE o 55 YT 725 9 i =Higman = 1. 5
om , Hea=0.5 cm (LA HAZED), 5 HBE T AT E MR T
LB RS AR (E4—20),
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D BUETH, EKBEIRE, #5002
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5)
6)
7
8)
9

Fi—1 ERHER NS L BEHFRIEDRE

w2, 3FFiE, BRI, 45<H, {RFF1000ZF
BISTFIR, HARMITRM, RiFs002H
W3, AFFR, WL, 23%H, RE300ZH
WAFFSE, HARBIIRH, REF00ZF
BT, REF300ZR
ANMREPRES, “17 RRMBITIF. “0” RRMIERA.

mL | W2 | M3 | M4 | MENRE | M (ns)
Stepl 1 0 0 0 / 500
Step?2 1 1 0 0 / 500
Step3 iR ) 300000
Step4 0 1 0 0 -'/ 100
Step5 0 1 1 0 / 1000
Step6 0 0 1 0 / 500
Step? 0 0 1 1 / 300
Step8 0 0 0 1 / 300
Step9 0 0 0 0 / 300
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HZR5VE

43.1 Rt

2 MR B R FI OB RIPDNS A As M2,  E RS FINBmSE, &
B) 9 B B 9250 mit PDMSTEIE, EENBEE SR, TREAMRBGH .. HES
YT B M POMS VB R AT B T S B0 24 5 At B4 — S,
EH2NSHIEE (Reference channel), 44N BSi@IE K& A B &M R .
WA LRI, WA S AL, G4 IS 5
VL, V2, V3, VAR, P LASKHIR MR 0 SRR RO T, Y15 4 Bl
AR, VALSRER BERIBAREE . BRI B B A2 XS IR 32,
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B 4—3 ERMERMEIIAESHE (A 4 BEMRSIGERESH 3D
BE (B MBREMEREAE, S0M8RTEF 4 MR (V1 V2, V3, V4)

(C) 4 TIEFEF S EdEAEE LY E
Fig. 4-3 (A)Schematic diagram of negative pressure injection array
microfluidic chip actuated by microvalves. (B)The enlarged image. of
two of four parallel separation units. V1,V2,V3,V4 : the integrated
microsvalves in one unit. (C) Photograph of the four—channel array

microfluidic chip used in our approach.
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Fig.4-4 Fluorescence images depicting the negative pressure

pinched sample plugs in four channels, respectively.
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Fig.4-5 (A) The negative pressure to form pinched plug actuated
by the microvalve in channel 1 on array microfluidic chip. (B) At the
__dispensing step, electrokinetic force made the sample migrate C,D)
Fluorescence 1images of fluorescein sodium’ s electrokinetic

dispensing at 0.4s, 2.b5s after sample loading, respectively. Buffer:

20mM sodium borate buffer (pH 9.2) with 0.1% SDS.
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Fig. 4-6 Electropherograms of parallel separations of 100bp DNA
marker used negative pressure with integrated micropumps. Separation
buffer: TBE buffer (100mM Tris, 100mM boric acid, 2mM EDTA) containing
0. 5% HPMC (4000 cps), 0. 1 %PVP, 6% mannitol and 20uM YOYO-1. Separation
electric field: 400V/cm.
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Fig. 4-7 Electropherograms of parallel separations of human HBV PCR
samples. Channel land 2: two different negative HBV sample PCR product.
Channel 3: positive HBV sample PCR product (229bp). Channel 4: DNA
marker (100bp-600bp) . Separation buffer: TBE buffer (100mM Tris, 100mM
boric acid, 2mM EDTA) containing 0.5% HPMC (4000 cps), 0. 1 %PVP, 6%
mannitol and 20MM YOYO-1. Separation electric field: 230V/cm.
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