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Figure 1 Conceptual demonstration of Lab-on-a-chip (Note:

different numbers represent different operations)
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I XFRS 528 %= (Lab on a Chip), ¥SRIEIRAEYR(L2LE
GEAF T LREREE. RN 98, BRNSEARER TERSEELE
BT EXR (BEEFE N WS A L, AMEER RS, DTSR
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MMEER . WRESHBEIAIRR —HLREENRFRART —, 2. 4
ABARNEELART T, BREREEVEFA AN IERARAFEEZ—(8-11,
13-17].

WIS N EESAREET ARG SIESOR 21, 22]. MR
RESE23]. WA SE4[24, 25]. HERWETAE26, 27]. KNS
BE28, 29]. oESAL30, 311, WHHA32-34). WM AL3S]. #A
BR[36)FMARSGEM[37, 38]%.
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TWRRERAEMER, hanfbs (422391, BHLEE[40]. ik
% (41150, W% (- TFHEWSE . SHIEWSE . AN (10, 42-45).
EZx (HATRE. AWML (46, 47). H2(12, 48], {28249, 50]
MEBSFRZ511%. BAT, SIRES AR FE &SI T EaEEm
W (52). ZAWiik53, 54]. FRIEARIMI(S5, 56). &REA[56]. HEE
S BTIUARMAKR 58] FEATE, FEETIZHEM. b, BHmTEE
BZOE (K. 318, &R%) NEANAE B2 SRS A mEK
— R, BRI —A RO, 2 1-1 A — L5 mmsis b
AR A | [52].
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Table 1-1 Commercial available chip based diagnostic systems.
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Company Target Website
Advanced Liquide Logics Immunocassay www.liquid-logic.com
Cepheid DNA www.cepheid.com
CombiMatrix CustomAsray DNA, biological threads www.combimatrix.com
Invitrogen DNA WWW.INVIrogen.com
Affymetaix DNA www affymetrix com
Caliper DNA www caliperls com
Febit DNA/RIA/Proteins www febit.com
Clares Diagnostics Proteins www clarosdx com
HandyLab DNA, proteins www handylab.com
Abbott Diagnostics (1Staf) Markers www. istat.com
LabNow HIV/AIDS www.labnow.com
Micronies Enteric pathogens www.micronics net
Nanogen DNA/RNA WWW.nRanogen com
Nanosphere DNA, protems www.nanosphere-ine com
Sensata (Spreeta) Viruses, bacteria Www.sensata.com
Sequella Proteins www.sequella.com
BlAcore Bacteria, viruses www biacore.com
Canary B-lymphocytes www canarysystem.com
Rapid Plex {ICx Biosystems) Bacteria, protein www.inivirogen.com

1.2 BN BTS2 R

YL EIRT2 W (Point of care testing, POCT) XA RILMMERA
i, ZARRKRE, ENZFRNES. FE LK “Hilg” AR g CR
B~ [59, 60]. RE®MIAZGYEEE (Food and Drug Administration, FDA)
T MR BE XA UEABG M ZRRKS%E, Wk 1-2 fir

(60].

%12 $EESHGUWEERN T ¢

(http://www. fda. gov/cdrh/oivd/guidance/)

Table 1-2 FDA definition of a simple test.
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FDA defunitvion of a simple tese®

Fully auromated instrument or unitized, self-contained rest

Uses direct unprocessed specimens/eapillary blood (fingerstick), nasal swabs, or urine

Needs only basic, non-technique-dependent specimen manipulation, including any for decontamination

Needs only basic, non-technique-dependent reagent manipulation, such as “mix reagent A and reagent B”

Needs no operator intervention during the analysis steps

Needs no technical or specialized training

Needs no electronic or mechanical maintenance

Produces results that require no operator calibration, interpreration, or calculadons

Praduces results that are clear 1o read, such a5 positive or negative, 3 direct readout of numerical values, the clear presence or absence
of a line, or obvious color gradations

Has test performance comparable to a traceable reference method, as demonstrated by studies in which intended operators perform
the rest

Conuains a quick reference instruction sheet written ar the educational level of the user

*Simple as defined in R » dations for Clinical Lat v Impy A d of 1988 {CLIA): CLIA Whiver Applications.

PZE AW ISR, TLZE RS WHEE T R R . KA7EATE 1500
SRR, 240 B B A R BB AR S — PR 0 T ) R B SRV TR B
AR TR . TR X EBUH B2 B IE T 20 42 80 %, %
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MPE, B, HE. RALH, GTETES, 58, RRAT. mEs
W, [61]
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LAE AR B B I — LT85 B MR ARSI M . TR &
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TS . RN ZHRREELR, EAREERXKIG L
WImECARTENLTFESE: D EEENSRTE: 2) #tElh.
RS HIERAR; 3) . REMGRERTE: O DAN—REER;
5) WFED LK. TREMTE: 6 FmiTAEESH ERNERS: T X
TOL TN R 8) WEMSERAETIE (FR AR LEE R E S A
2%). [60, 63-79]
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EB/ESES AR ETS S, AR RN EETRENE.

1.3.1 ZBigHS R

BRI RS TEYFRERFSA, B ERFE B4R DNA 2 RNA
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MREL A ERIEWH AR~ Z R, SPRMMTEE, BANEER
FiAELFE DNA ZEEL/ 44k PCRY I, 4 F7:3. BRIk BN, HE%
HHZSEIZ BTRETRENER, SIPE. EHELsh, BEXRE. E
Bk, (38, 80-84]
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Fi. DNA ZEATFIERALZERGI, AT AT A JLZE T B 4 M0 A% & A T BUR 77 B
(4n £ coli K12) . [85]
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PCR X FIH A KA & RMX . TR MRS R G TR T R
HARENE AR BENER S, 20 EAZ 30 74, [86]
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chip
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PCR chamber (50 pl) E-DNA chamber {7 L)

B 1-2 ERABREZR IS S
Figure 1-2 Some examples of integrated microfluidics platforms for

nucleic acid based diagnosis
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P& — 1 B R R A B AR R AR 2T

X TERAERN, BABGHFRERNEUTLERSE: (1D RN
RIRTATIA nL E pL &, HSMRFIEERD, EFEHNEESTOW. REAL
{8 Ze ke SR R R B YR AR (2) RMEH A REMR. R A4
Wy () LRRUFMRE, RMFREAFE; (9 TUERSMHAR
BERT, MBERN. REBEMRCLSE, BEFHE, ZTSUSEE, €T
B3k, MBfk. [89-92)
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B3, RNBE/NF 1448, SRRRR XL 0. 43nM. BFES R IMIE L,
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GLRFEANNRFEMBEE RO EMI M T AR BELISBE. (93,
94]
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RO, B TEFE 2061, SHTRHE) T 10 40k, [95, 96)
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Bt et RS, WEImE 1-3C . ZRSEREKNMELRT. HiiER
MEEFRITMER RN RIS, ATLERENEIE. RllHEEmE %2R
RNERESTTSER, BEOMER. MIERFEETRRT 20T C R
&R, FEmIEFEDU SHL, HAP 10ng/mL RE C RN H K217
BN 3 o CRIUEHRIRE N 1 ng/mL I FE 14 41 [97)
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Figure 1-3 Some examples of integrated microfluidics platforms for

protein based diagnosis



B—F WRESHSRTIRER 9
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Figure 1-b5 Some examples of microfluidics platforms for cell based

diagnosis
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PDMS #I/E T MR H Ik DT GE TS HEZE R 5T A 1e6 )
GRS

2, WHET PDMS IR ZBHIZATEH, LA PDMS ENBEE . BELK
o E AR I S T A OB, RHBELEARIES, SHRIETS Rt d
SRS RO RRE I A%KY (W Inagepro, Photoshop) X HER{EM
ITEENN, KILT A 1g6 R

3, FIEEELA G R BT . PDMS S48 A Bk MEM AL 45 & E B IR AR & 4
SWETETEAE=M: 1D, HEHS: 2) BMBITHNESEERSZN ) B
EEITER ., #UEEREAITHEMBERS, W 10 M2 NER, THEEFE.
BN R M. F DREGE R, 58T HRP, BI&EFH BSA I B B4,

4, ETHE 3 ERN L, FARRAERBEIEAIE A IHIEME, 7RIS
BEFTENRORBIA KN, FHHERAERBEATHANATEARGE . 2&
S ATRIRE RIS AT IR

5, ZETHE 4 BIBERE -, UIRHIRA 4 RIRAE 7 9 B FUR BRI IE S & T
PDMS 5/, SEILT PDMS fL (B, WA, =ZAKSE) F PDMS HBE
HRIEHI %, DR T LA PDMS ARPRIH RIS IS A BIIT R .

S

[1] Manz, A., Graber, N., Widmer, H. M., Miniaturized total chemical
analysis systems: A novel concept for chemical sensing. Sensors
and Actuators B: Chemical, 1990, 1(1-6): 244-248.

- [2] vonHeeren, F., Verpoorte, E., Manz, A., Thormann, W., Micellar



12

HIEILIZ BN B2 WS i ZE RS

[3]

[4]

[5]

(6]

[7]

(8]

electrokinetic chromatography separations and analyses of
biological samples on a cyclic planar microstructure.
Analytical Chemistry, 1996, 68(13): 2044-2053.

Kopp, M. U.,.de Mello, A. J., Manz, A., Chemical amblification:
Continuous—flow PCR on a chip. Science, 1998, 280(5366):
1046-1048.

Woolley, A. T., Hadley, D., Landre, P., deMello, A. J., Mathies,
R. A., Northrup, M. A., Functional integration of PCR
amplification and capillary electrophoresis in a
microfabricated DNA analysis device. Analytical Chemistry, 1996,
68(23) : 4081-4086.

Woolley, A. T., Sensabaugh, G. F., Mathies, R. A., High—speed
DNA genotyping using | microfabricated capillary array
electrophoresis chips. Analytical Chemistry, 1997, 69(11):
2181-2186.

Hadd, A. G., Jacobson, S. C., Ramsey, J. M., Microfluidic assays
of acetylcholinesterase inhibitors. Analytical Chemistry, 1999,
71(22) : 5206-5212.

Waters, L. C., Jacobson, S. C., Kroutchinina, N., Khandurina,
J., Foote, R. S., Ramsey, J. M., Microchip device for cell lysis,
multiplex PCR amplification, and electrophoretic sizing.
Analytical Chemistry, 1998, 70(1): 158-162.

Craighead, H., Future lab-on-a-chip technologies for

interrogating individual molecules. Nature, 2006, 442(7101):



B—E MAECHSATTRER 13

(9]

[10]

[11]

[12]

[13)]

[14]

[15]

[16]

[17]

(18]

[19]

387-393.

deMello, A. J., Control and detection of chemical reactions in
microfluidic systems. Nature, 2006, 442(7101): 394-402.
E1-Ali, J., Sorger, P. K., Jensen, K. F., Cells on chips; Nature,
2006, 442(7101): 403-411.

Janasek, D., Franzke, J., Manz, A., Scaling and the design of
miniaturized chemical—analysis systems. Nature, 2006,
442(7101) : 374-380.

Psaltis, D., Quake, S. R., Yang, C., Developing optofluidic
technology through the fusion of microfluidics and optics.
Nature, 2006, 442(7101): 381-386.

Whitesides, G. M., The origins and the future of microfluidics.
Nature, 2006, 442(7101) : 368-373.

Yager, P., Edwards, T., Fu, E., Helton, K., Nelson, K., Tam, M.
R., Weigl, B. H., Microfluidic diagnostic technologies for
global public health. Nature, 2006, 442(7101): 412-418.
WA, FEE, BRETHFERE. 2006, dbx: BlEEHRE.
WA, REE, MRETHIMLELRE. RFEERAFEFER,
2009 &£ 3 H, 30(3): 433-445.

WA, FEE, EREREDTERE. 2008, b5t BHEEdiRit.
Dittrich, P. S., Tachikawa, K., Manz, A., Micro total analysis
systems. Latest advancements and trends. Analytical Chemistry,
2006, 78(12): 3887-3907.

Vilkner, T., Janasek, D., Manz, A., Micro total analysis systems.



14

WIRIE L BN B2 WS 7 AT R

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Recent developments. Analytical Chemistry, 2004, 76(12):
3373-3385.

West, J., Becker, M., Tombrink, S., Manz, A., Micro total
analysis systems: Latest achievements. Analytical.Chemistry,
2008, 80(12): 4403-4419.

Becker, H., Gartner, C., Polymer microfabrication technologies
for microfluidic systems. Analytical and Bioanalytical
Chemistry, 2008, 390(1): 89-111.

Becker, H., Locascio, L. E., Polymer microfluidic devices.
Talanta, 2002, 56(2): 267-287.

Muck, A., Svatos, A., Chemical modification of polymeric
microchip devices. Talanta, 2007, 74(3): 333-341.

Nguyen, N. T., Huang, X. Y., Chuan, T. K., MEMS—micropumps: A
review. Journal of Fluids Engineering~Transactions of the Asme,
2002, 124(2): 384-392.

Luo, Y., Qin, J. H., Lin, B. C., Methods for pumping fluids on
biomedical lab-on—-a-chip. Frontiers in Bioscience, 2009, 14:
3913-3924.

Lichtenberg, J., de Rooij, N. F., Verpoorte, E., Sample
pretreatment on microfabricated devices. Talanta, 2002, 56(2):
233-266.

Grodzinski, P., Liu, R., Yang, J., Ward, M. D., Microfluidic
system integration in sample preparation chip—sets — a summary.

Proceedings of the 26th Annual International Conference of the



[28]

[29]

[30]

[31]

[32]

[33]

[34]

(35]

B—E MRESHG AT RER 15

Teee Engineering in Medicine and Biology Society, Vols 1-7, 2004,
26: 2615-2618

Lin, W. Y., Wang, Y. J., Wang, S. T., Tseng, H. R., Integrated
microfluidic reactors. Nano Today, 2009, 4(6): 470-481.
Mansur, B. A., Ye, M. X., Wang, Y. D., Dai, Y. Y., A
state—-of—-the—art review of mixing in microfluidic mizxers.
Chinese Journal of Chemical Engineering, 2008, 16(4): 503-516.
Lenshof, A., Laurell, T., Continuous separation of cells and
particles in microfluidic systems. Chemical Society Reviews,
39(3): 1203-1217.

Wu, D. P., Qin, J. H., Lin, B. C., Electrophoretic separations
on microfluidic chips. Journal of Chromatography A, 2008,
1184 (1-2) : 542-559.

Teh, S. Y., Lin, R., Hung, L. H., Lee, A P., Droplet
microfluidics. Lab on a Chip, 2008, 8(2): 198-220.

Wang, F., Burns, M. A., Performance of nanoliter—sized
droplet-based microfluidic PCR. Biomedical Microdevices, 2009,
11(5) : 1071-1080.

Xu, T., Chakrabarty, K., Functional testing of digital
microfluidic biochips. 2007 Ieee International Test Conference,
Vols 1 and 2, 2007: 505-514

Mogensen, K. B., Klank, H., Kutter, J. P., Recent developments
in detection for microfluidic systems. Electrophoresis, 2004,

25(21-22) : 3498-3512.



16

TR IS B 2 W A ERRETA

[36]

[37]

(38]

[39]

[40]

[41]

[42]

Atencia, J., Beebe, D. J., Controlled microfluidic interfaces
Nature, 2005, 437(7059): 648-655.

Velten, T., Ruf, H. H., Barrow, D., Aspragathos, N., Lazarou,
P., Jung, E., Malek, C. K., Richter, M., Kruckow, J.; Packaging
of bio—-MEMS: Strategies, technologies, and applications. Ileee
Transactions on Advanced Packaging, 2005, 28(4): 533-546.
Liu, P., Mathies, R. A., Integrated microfluidic systems for
high—performance genetic analysis. Trends in Biotechnology,
2009, 27(10): 572-581.

Xu, X. L., Zhang, S., Chen, H., Kong, J. L., Integration of
electrochemistry in micro-total analysis systems for
biochemical assays: Recent developments. Talanta, 2009, 80(1):
8-18.

Marre, S., Jensen, K. F., Synthesis of micro and nanostructures
in microfluidic systems. Chemical Society Review, 39(3):
1183-202.

Lee, W., Fon, W., Axelrod, B. W., Roukes, M. L., High-sensitivity
microfluidic calorimeters for Dbiological and chemical
applications. Proceedings of the National Academy of Sciences
of the United States of America, 2009, 106(36): 15225-15230.
Kim, Y. 7., Karthikeyan, K., Chirvi, S., Dave, D. P.
Neuro—optical microfluidic platform to study injury and
regeneration of single axons. Lab on a Chip, 2009, 9(17):

2576-2581.



B—E WRELWE AR -

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Chronis, N., Worm chips: Microtools for C. elegans biology. Lab
on a Chip, 10(4): 432-437.

Shi, W. W., Qin, J. H., Ye, N. N., Lin, B. C., Droplet—based
microfluidic system for individual Caenorhabditis elegéns assay.
Lab on a Chip, 2008, 8(9): 1432-1435.

Qin, J. H., Wheeler, A. R., Maze exploration and learning in
C-elegans. Lab on a Chip, 2007, 7(2): 186-192.

Cheung, K. C., Implantable microscale neural interfaces.

Biomedical Microdevices, 2007, 9(6): 923-938. |

Hediger, S., Fontannaz, J., Sayah, A., Hunziker, W., Gijs, M.

A. M., Biosystem for the culture and characterisation of
epitheiial cell tissues. Sensors and Actuators B—Chemical, 2000,
63(1-2): 63-73.

Chandrasekafan, A., Packirisamy, M., Integrated Optical
Microfluidic Lab-on—-a—chip - art. no. 70992B. Photonics North
2008, 2008, 7099: B992-B992

Hashimoto, M., Feng, J., York, R. L., Ellerbee, A. K., Morrison,

G., Thomas, S. W., Mahadevan, L., Whitesides, G. M.,

Infochemistry: Encoding Information as Optical Pulses Using
Droplets in a Microfluidic Device. Journal of the American
Chemical Society, 2009, 131(34): 12420-12429.

Thomas, S. W., Chiechi, R. C., LaFratta, C. N., Webb, M. R., Lee,

A., Wiley, B. J., Zakin, M. R., Walt, D. R., Whitesides, G. M.,

Infochemistry and infofuses for the chemical storage and



18

PRI T BN 2 W A BRI T

[51]

[52]

[53]

[54]

[55]

[56]

transmission of coded information. Proceedings of the National
Academy of Sciences of the United States of America, 2009,
106(23) : 9147-9150.

Burton, R. E., White, E. J., Foss, T. R., Phillips, K. M., Meltzer,
R. H., Kojanian, N., Kwok, L. W., Lim, A., Pellerin, N. L.,
Mamaeva, N. V., Gilmanshin, R., A microfluidic chip—compatible
bioassay based on single-molecule detection with high
sensitivity and multiplexing. Lab Chip, 10(7): 843-51.
Mairhofer, J., Roppert, K., Ertl, P., Microfluidic Systems for
Pathogen Sensing: A Review. Sensors, 2009, 9(6): 4804-4823.
Maguire, T. J., Novik, E., Chao, P., Barminko, J]., Nahmias, Y.,
Yarmush, M. L., Cheng, K. C., Design and Application of
Microfluidic Systems for In Vitro Pharmacokinetic Evaluation of
Drug Candidates. Current Drug Metabolism, 2009, 10(10):
1192-1199.

Ye, N. N., Qin, J. H., Shi, W. W., Liu, X., Lin, B. C., Cell-based
high content screening using an integrated microfluidic device.
Lab on a Chip, 2007, 7(12): 1696~1704.

Li, H F., Lin, J. M., Applications of microfluidic systems in
environmental analysis. Analytical and Bioanalytical Chemistry,
2009, 393(2): 555-567.

Lauri, A., Mariani, P. 0., Potentials and limitations of

molecular diagnostic methods in food safety. Genes and Nutrition,

2009, 4(1): 1-12.



£—E MRECHEATTRER 19

[(57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

Kong, J., Jiang, L., Su, X. 0., Qin, J. H., Du, Y. G., Lin, B.
C., Integrated microfluidic immunoassay for the rapid
determination of clenbuterol. Lab on a Chip, 2009, 9(11):
1541-1547. |
Willis, P. A., Hunt, B. D., White, V. E., Lee, M. C., Ikeda, M.,
Bae, S., Pelletier, M. J., Grunthaner, F. J., Monolithic Teflon
(R) membrane valves and pumps for harsh chemical and
low-temperature use. Lab on a Chip, 2007, 7(11): 1469-1474.
Price, C. P., Regular review — Point of care testing. British
Medical Journal, 2001, 322(7297): 1285-1288.

Yager, P., Domingo, G. J., Gerdes, J., Point-of-care diagnostics
for global health. Annual Review of Biomedical Engineering, 2008,
10: 107-144.

R, AE— , POCT-RBREX¥REESZ — BHARERTE,
2008, 21(4): 335-337.

28, TAH, POCT MIREERENM. THEZ, 2008, 43(1):
56-58.

Hosokawa, K., Sato, K., Ichikawa, N., Maeda, M., Power—free
poly(dimethylsiloxane) microfluidic devices for gold

nanoparticle-based DNA analysis. Lab on a Chip, 2004, 4(3):

- 181-185.

Ahn, C. H., Choi, J. W., Beaucage, G., Nevin, J. H., Lee, J. B.,
Puntambekar, A., Lee, J. Y., Disposable Smart lab on a chip for

point—-of-care clinical diagnostics. Proceedings of the Ieee,



20

PRI B 2 W7 BRI R

[65]

(66]

[67]

(68]

[69]

[70]

[71]

2004, 92(1): 154-173.

Ahn, C. H., Choi, J. W., Kim, S., Sohn, Y. S., Puntambekar, A.,
Murugesan, S., Beaucage, G., Nevin, J. H., Disposable smart
plastic biochips for clinical diagnostics. Biomems and
Bionanotechnology, 2002, 729: 29-38

Botrous, M., Dheda, S., Liu, K., Sreedharan, A., Velasco, K.,
Point of care tuberculosis diagnostics in developing world.
Proceedings of the 2nd Frontiers in Biomedical Devices
Conference, 2007: 69-70

Biehl, M., Velten, T., Gaps and challenges of Point—of-Care
technology. Teee Sensors Journal, 2008, 8(5-6): 593-600.

Lin, B. C., Qin, J. H., Lab on a chip: A potential platform for
point of care testing and drug screening. Proceedings of the
First Shenyang International Colloquium on Microfluidics, 2007:
3637

Linder, V., Microfluidics at the crossroad with point-of-care
diagnostics. Analyst, 2007, 132(12): 1186-1192.

Martinez, A. W., Phillips, S. T., Whitesides, G. M., Carrilho,
E., Diagnostics for the Developing World: Microfluidic
Paper-Based Analytical Devices. Analytical Chemistry, 2010,
82(1): 3-10.

Sista, R., Hua, Z. S., Thwar, P., Sudarsan, A., Srinivasan, V.,
Eckhardt, A., Pollack, M., Pamula, V., Development of a digital

microfluidic platform for point of care testing. Lab on a Chip,



B—F HURESHE AR 21

[72]

(73]

[74]

[75]

[76]

[77]

2008, 8(12): 2091-2104.

Soper, S. A., Brown, K., Ellington, A., Frazier, B.,
Garcia-Manero, G., Gau, V., Gutman, S. I., Hayes, D. F., Korte,
B., Landers, J. L., Larson, D., Ligler, F., Majumdar, A”.MascinL
M., Nolte, D., Rosenzweig, Z., Wang, J., Wilson, D.,
Point—of—care biosensor systems for cancer
diagnostics/prognostics. Biosensors & Bioelectronics, 2006,
21(10) : 1932-1942.

Weigl, B., Domingo, G., LaBarre, P., Gerlach, J., Towards non-
and minimally instrumented, microfluidics-based diagnostic
devices. Lab on a Chip, 2008, 8(12): 1999-2014.

Lu, Y., Shi, W. W., Qin, J. H., Lin, B. C., Low cost, portable
detection of  gold nanoparticle—labeled microfluidic
immunoassay with camera cell phone. Electrophoresis, 2009,
30(4): 579-582.

Lu, Y., Shi, W. W., Jiang, L., Qin, J. H., Lin, B. C., Rapid
prototyping of paper-based microfluidics with wax for low-cost,
portable bioassay. Electrophoresis, 2009, 30(9): 1497-1500.
Lu, Y., Shi, W. W., Qin, J. H., Lin, B. C., Fabrication and
Characterization of Paper—Based Microfluidics Prepared in
Nitrocellulose Membrane By Wax Printing. Analytical Chemistry,
2010, 82(1): 329-335.

Qiu, X., Thompson, J. A., Chen, Z., Liu, C., Chen, D., Ramprasad,

S., Mauk, M. G., Ongagna, S., Barber, C., Abrams, W. R., Malamud,



22

BRI W R

[78]

[79]

[80]

[81]

[82]

(83]

[84]

D., Corstjens, P. L. A. M, Bau, H H., Finger-actuated,
self-contained immunoassay cassettes. Biomedical Microdevices,
2009, 11(6): 1175-86.

Stevens, D. Y., Petri, C. R., Osborn, J. L., Spicar—Mihalic, P.,
McKenzie, K. G., Yager, P., Enabling a microfluidic immunoassay
for the developing world by integration of on-card dry reagent
storage. Lab on a Chip, 2008, 8(12): 2038-2045.

Hosokawa, K., Omata, M., Sato, K., Maeda, M., Power—free
sequential injection for microchip immunoassay toward
point-of-care testing. Lab on a Chip, 2006, 6(2): 236-241.
Mir, M., Homs, A., Samitier, J., Integrated electrochemical DNA
biosensors for lab—on-a-chip devices. Electrophoresis, 2009,
30(19) : 3386-3397.

Chen, L., Manz, A., Day, P. J. R., Total nucleic acid analysis
integrated on microfluidic devices. Lab on a Chip, 2007, 7(11):
1413-1423.

Ng, J. K. K., Liu, W. T., Miniaturized platforms for the
detection of single-nucleotide polymorphisms. Analytical and
Bioanalytical Chemistry, 2006, 386(3): 427-434.

Horsman, K. M., Bienvenue, J. M., Blasier, K. R., Landers, J.
P., Forensic DNA analysis on microfluidic devices: A review.
Journal of Forensic Sciences, 2007, 52(4): 784-799.

Szantai, E., Guttman, A., Genotyping with microfluidic devices.

Electrophoresis, 2006, 27(24): 4896-4903.



B—F HMEELHSAAHRER 23

(85]

(86

[87]

[88]

[89]

[90]

Liu, R. H., Yang, J. N., Lenigk, R., Bonanno, J., Grodzinski,
P., Self-contained, fully integrated biochip for sample
preparation, polymerase chain reaction amplification, and DNA
microarray detection. Analytical Chemistry, 2004; 76(7) :
1824-1831.

Easley, C. J., Karlinsey, J. M., Bienvenue, J. M., Legendre, L.
A., Roper, M. G., Feldman, S. H., Hughes, M. A., Hewlett, E. L.,
Merkel, T. J., Ferrance, J. P., Landers, J. P., A fully
integrated microfluidic genetic analysis system with
sample-in-answer—-out capability. Proceedings of the National
Academy of Sciences of the United States of America, 2006,
103(51): 19272-19277. |

Pal, R., Yang, M., Lin, R., Johnson, B. N., Srivastava, N.,
Razzacki, S. Z., Chomistek, K. J., Heldsinger, D. C., Haque, R.
M., Ugaz, V. M., Thwar, P. K., Chen, Z., Alfano, K., Yim, M. B.,
Krishnan, M., Fuller, A. 0., Larson, R. G., Burke, D. T., Burns,
M. A., An integrated microfluidic device for influenza and other
genetic analyses. Lab on a Chip, 2005, 5(10): 1024-1032.
Ferguson, B. S., Buchsbaum, S. F., Swensen, J. S., Hsieh, K.,
Lou, X. H., Soh, H. T., Integrated Microfluidic Electrochemical
DNA Sensor. Analytical Chemistry, 2009, 81(15): 6503-6508.
Leng, C., Zhang, X. Q., Jue, H. X., Microfluidic Chip—Based
Immunoassay. Progress in Chemistry, 2009; 21(4) : 687-695.

Henares, T. G., Mizutani, F., Hisamoto, H., Current development



24

IR I B B2 W A AT

[91]

[92]

[93]

[94]

[95]

[96]

in microfluidic immunosensing chip. Analytica Chimica Acta,

2008, 611(1): 17-30.

Jia, H. X., Wu, Z. Y., Fang, Z. L., Microfluidic chip-based
immunoassay. Chinese Journal of Analytical Chemiétry, 2005,
33(10) : 1489-1493.

Selvaganapathy, P. R., Carlen, E. T., Mastrangelo, C. H., Recent
progress in microfluidic devices for nucleic acid and antibody
assays. Proceedings of the Ieee, 2003, 91(6): 954-975.

Hatch, A., Kamholz, A. E., Hawkins, K. R., Munson, M. S.,
Schilling, E. A., Weigl, B. H., Yager, P., A rapid diffusion
immunoassay in a T-sensor. Nature Biotechnology, 2001, 19(5):
461-465.

Weigl, B. H., Hatch, A., Kamholz, A., Yager, P., Novel
immunoassay formats for integrated microfluidic circuits -
Diffusion immunoassays (DIA). Micro— and Nanotechnology for
Biomedical and Environmental Applications, 2000, 1(6): 50-56
Herr, A. E., Hatch, A. V., Giannobile, W. V., Throckmorton, D.
J., Tran, H. M., Brennan, J. S., Singh, A. K., Integrated
microfluidic platform for oral diagnostics. Oral-Based
Diagnostics, 2007, 1098: 362-374.

Herr, A. E., Hatch, A. V., Throckmorton, D. J., Tran, H. M.,
Brennan, J. S., Giannobile, W. V., Singh, A. K., Microfluidic
immunoassays as rapid saliva-based clinical diagnostics

Proceedings of the National Academy of Sciences of the United



B—E MREZWHOARER 25

[97]

(98]

[99]

[100]

[101]

[102]

States of America, 2007, 104(13): 5268-5273.

Gervais, L., D'elamarche, E., Toward one-step point—of-care
immunodiagnostics using capillary-driven microfluidics and
PDMS substrates. Lab on a Chip, 2009, 9(23): 3330—3337.
Sato, K., Mawatari, K., Kitamori, T., Microchip-based cell
analysis and clinical diagnosis system. Lab on a Chip, 2008,
8(12): 1992-1998.

Nagrath, S., Sequist, L. V., Maheswaran, S., Bell, D. W., Irimia,
D., Ulkus, L., Smith, M. R., Kwak, E. L., Digumarthy, S.,
Muzikansky, A., Ryan, P., Balis, U. J., Tompkins, R. G., Haber,
D. A., Toner, M., Isolation of rare circulating tumour cells in
cancer patients by microchip technology. Nature, 2007,
450(7173) : 1235-U10.

Antia, M., Herricks, T., Rathod, P. K., Microfluidic approaches
to malaria pathogenesis. Cellular Microbiology, 2008, 10(10):
1968-1974.

Cheng, X. H., Irimia, D., Dixon, M., Sekine, K., Demirci, U.,
Zamir, L., Tompkins, R. G., Rodriguez, W., Toner, M., A
microfluidic device for practical label-free CD4+T cell
counting of HIV-infected subjects. Lab on a Chip, 2007, 7(2):
170-178.

Moon, S., Keles, H. 0., Khademhosseini, A., Kuritzkes, D.,
Demirci, U., Integrating Microfluidics and Lensless Imaging for

Point—-of—Care Testing. 2009 Biosensors and Bioelectronics 2009,



26

RIS N 2B

o BRI

24 3208 - 3214.



% SRR PDMS RE K N WERMIRIES A R HRI R AR E TR 27
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BLER61F[7]. EEMRER TG, BshIRsh 77 BRES AR
BOS5VE AR AT R — R B B IR SV R B R A A A R,
BT e 5 & A 1E AT NS & I IRE) ). X5 A T/EEESR: David
Junker S \HIfE T SRR R E KD BERBIRIED F, RIFABAIERKE
B B SRR A R R o T B A RFUR O BB IE F, AT
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B HE, SSUARES T MITRIBXM e LR T A C RNEAKRE
SRR (4, 5, 8-10]. Patrick Morier ZF|FE HIKENSLHIRFIZEMIEE
HREREN, TERLT BEERTR PR S i I N &R E P BRI S R N AT T
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WARRT, WARR RS ARt POMS BEBER I, TER T — MUK, TEXF
JE F7 FIBR BN T 4 G 43 A B 2 PR AR AR OR E ARV AR N R M, 7R R TRV Y
PDMS B8 B SE R e e At A8 [12-14] . WL B TR SEIL T /AN F30 77
B RESTERE, ARXETEEFEE LA HEER AR RER S,
FEFE PR RBMS .
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Figure 2-1 Map of micfofluidic chip with PDMS capillary pump

A: Sketch map of microfluidic chip with PDMS capillary pump B:

sequential injection of different solutions into the chip.

R B & TR R BIR R 7 1) 7E PDMS Bef iR LAE S Ik b
BIE X IBIREE AR LR PDMS, 78 80°C HEAG [ 4L 20 73-4F; 2) 7 PDMS fR
X R PR A I R EVE RIS IR PDMS, ZEMAEF Bk 2 /DR 30 AREE
H1fY) PDMS WR4% %5/~ PDMS AR, ZERLAEPELL 2 NN, ES AR —1 8
fh. REBE, TP THERTEA L. PDMS SR BBAR AT LUR A
FZVH I T R R AR TR 2.
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EHN 16 5 RN ;
5) FEINEERIE H N A PRSI PBS+0. 05%Tween 20, ek &NV,
6) FEMNFRBIE R BRSO FITC #R1E M 2EBUA TG ¥, FITC #RiChIE
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23 BREWE

2.3.1 PDMS $8ZL{&45

B FRIRE IS MRS 2181 PDMS FFB T RGP EALS , BRATF B
F8 M E1X Dataphysics OCAH200 (Dataphysics Instrument GmbH, Germany)
Xt 4. SUREVE LB 240 PDMS REM/KEMARIT TINE, £RILE 2-2.
MBI ERTLLE W, A Triton X-100, Tween 20, Tween 80, Span 80 B &1
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JK7E PDMS T b fh 180s f&, L&Al 4R/ A
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H. TREH AR PMS FEEBAMATE 0 s i 105.85° , 180s /EHL
NA101.5° , RPREB BN PDMS RE—HEIHAKE.
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§ o e
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20 —4&—4.5% Tween 80 PDMS
. g4 5% Span 80 PDMS
10 -—g—— Native PDMS

0-20 I (IJ ' 2lo ' 4|0 I 6I0 . slo I 1c|)0 ' 12|0 ' Ml,o ' 1EI30 ' 1;30 ' 2(')0
time (s)
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Figure 2-2 Dynamic contact angle measurements on different

modified PDMS surfaces

EEFREEEMETSZEM0 POMS BEZ B HSE/KERE KRR T
DI FAER (i 2-3 Fr) [15]: PDMS iRAB AT REREENE, &
B EREETABE —EREEER. KMBEEEN, REOBEEANSE
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2-3 FBETIRRMBEERB BN POMS REFAEREREE

Figure 2-3 Schematic illustration of the wettability on

the modified PDMS surface

A The contact angle decreases over time when the surfactants
diffuse into water on the PDMS surface; B The contact angle becomes
constant when the surfactants diffusion between PDMS and water

achieved equilibrium.

2.3.2 PDMS FH K IR AR R

EFRRT SRHEHER, BATSERERT THR. SHRTmE 2-4A
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I RS ENR AR, DFEAMAZIE KK, THEE B PR R,
LAV B b2 L PDMS i A B, RHRATERE N RE, TTUHE
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Figure 2-4 Flow rate adjustment of PDMS capillary pump

A: the layout of the microchip used B: the linear correlation
between the average flow rate and the ratio of uncovered outlet

holes.
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Figure 2-5 Fluorescence intensity of protein immobilization in

PDMS microchannels
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Figure 2-6 Fluorescence image of PDMS coated With FITC-BSA
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Figure 2-7 Fluorescence intensity of protein immobilization in

different PDMS microchannels
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Figure 2-8 Fluorescence intensity of protein immobilization in

PDMS microchannels with different immobilization time
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Figure 2-9 Fluorescence immunoassay A Schematic illustrationof
sandwich immunoassay configuration for h-IgG. B C h-IgG

immunoassay fluorescence results B: 5 wg/mL h-IgG C: blank
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detection conditions: 10Xobjective lens ; 2 s exposure time
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Figure 2-10 Working curve for h-IgG
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FZE MREREERESTTS RS REFHAREEN
3.15l8

SR —ME TR SR A LR —M O E ERK
ZHT. BRGNS GEE G Z N RN RN & W
96 FLRZ R THEBEAKREF &R, aMEERE JL/NTE—X).
WANHFER L (100 T8 BL LD RS A 2 —FH/N REM RN TS,
EREMRAITER . BREFERENRE, EmFE 2 s &-—mRE
SRR T RIEFERZ 2B EZ 15 [1-12] . HREaEL A TERN
REMBRNITENEERATERSE EENHT, ¥R SHMES, 13].
PoEGE (14, 16] BALERM [16-18]. REEE FIIR 191 M3 K56 120,
21]%F . XA AIRBER . AR BAEED, TERBRES A1
FGFILES, ToiEsEO LR E & e (22, 23]).

EAZFIRANFET PDMS FIF K ZM 722515 4, LA PDMS 2 W B
AN 0 B AR S i EE, AHBFIUE ARG, WM
FREERBEDITREELERBGIFASRM (A Inagepro, Photoshop) it
HPEHTEEDT, FIT A L6 MARENHT. FIAHBFEIELRNLE
BT RAREE, SRS, FReb, BEME, £RETLRREBER.

3. 2 KIER S

3.2.1 (N5

SMEREAMTEZEAT ( Roche, Switzerland). AHREEREN
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Chuman 1gG) , FHALBEIREBMT NEBERS A A MR EEFIEETA
GEREAMTILEBERA T . RAEESREE RS (Silver Enhancer Kit,
SE-100) J&G B Sigma AF . #ETHMEFVAREBEILE K790C (Fikk
B, 320 FEE, 16 BHALTE) , WEHHBHTE BRI 4 R K445
% Imagepro (Media Cybernetics, USA) . RBESITERMAREZIGEM BE
Grenier A . Sylgard 184 PDMS FZR{AFN5| &5 B3LE Dow Corning
N LW AKAERERELEEK .

3. 2.2 BRI SHI&

SZI BT A RS S POMS SR ZBMZAZT A EE N B RRIEY
B PDMS 51, TR AR GBI B AR AR 25T . PDMS E %
BB N EEY, FEEEH 300Mm, WREEN 50um, FEEERIPIRITILAE BN
e, M. PDMS % F SR PDMS TR ABREIE. BRI TEBE], R
A DR R 2B E S R SR ik 77 SR E

3.2.3 FHIHBRN RESMERTE

P 90 B AU BRI 0 1 4 47 0 26 SR AT A R AR S B 3-1
1), TERMIRED ¥ & RS SR o1 i BXT 4 REITRE AR

i USB $3E 4. 4T4NERE BEPEA SIS T R A B B PR, 4), FIH
B4 W34 (4 ImagePro, Photoshop &) S5 & B X IR BB (5 5 H LAk
Wi 5), FFSE 4 PEINEERTERNE.
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(b) (c)
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Bl 3-1 FAARFISRRE S B0t 4 R TR R fE B

A SIS TR MOBORETS A B MBI EENL C A AL
B B Ry AT BB AT 45 SR 4

Figure 3-1 -Schematic illustration of camera phone detection for
microfluidic chip immunoassay a) the hybrvid microchip made of
PDMS with microstructures and a flat polystyrene with immobilized
antibody strip ; b) the camera phone used in the experiment for
image catching with following parameters :camera 3.2 megapixel,
digital zoom: 16x;auto focus; c) image analysis with software by
converting each image into grayscale and measuring the average

values within the immunoassay area.
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3.3 R E5iTiE

3.3.1 RESITEREIRRIEE

PR ETS A 4 43H o B FR AR PDNS, B 3SRl R A T
uﬁﬁ%%ﬁ%ﬁiﬁﬁﬁ%ﬁKE%mﬁﬁamm$§Eﬁﬁﬁm%m&
BRI AA T DB R e LR E LI E € (5, 10, 24]. MAEXRERTE
IR BRE ZIBVE A BN A, TER B TR AR PDMS #18 E#
TERR, AMERREERREAERNWE RER . RIERELSE.
REEB T PDMS AT HH FAIER PDMS L& FENEF TAE
f9F 3mm [EFLE PDMS, FER&FE SR ABEFLBRM & NFLF A 100
T AR AR, SRR RN EEHIL P RE AR R T IFHA
PBST Pedg st Hopedk . M 3-2 ERTLLEH, RPARR B LB S MRE
FEEHETHENPMS MRS, ERFEREERER. HWRERERN
PDMS BR/K PELLER, WIERKRERZVIIRERRME.
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35 ~ /9
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] —&— pol _—*
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o
]

time/min

3-2 MPEEWE=ZMMERE (EEHTLEPIMS, PDMS, BEZ
) MBELER

Figure 3-2 Comparison of the autocatalytic
reduction/precipitation background of the silver staining
solution on different substrates including native PDMS,
polystyrene and PDMS oxidized in the plasma cleaner. The substrates
were sealed with an oxidized PDMS layer, where microwells with 3mm
diameter were punched out. The silver enhancer solution was
pipetted into the microwells and the substrates were incubated with
it. At the indicated times, dry the solutions in microwells and
wash them with PBST buffer. The resulting silver films on the
substrates were measured by a flatbed scanner and the average

grayscale values were obtained with the imagepro software (the
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minus results between the grayscale values in the microwells and

the background).

3.3.2 SIEAHRISH MH&FiE 5 RE R RIBIERTE

W75 H — 4B IE R PDMS 5 A AN S B TR R R 2% AR b, PDUS
EROBE TR Ion, B 50um. FEIBIEH)— AR A
IgGC B, 7EER T a3 /Net. EEBEFHER, A PBST X BiEN
B, FEETHERTZE, % PDMS BHBE. IREREZE TR L
HEH Ion FHFASE . BT POMS AR (S04 2nm 2075 37E
RAELIGFREPUEET L. BREZIHFIRNES 5H—5A 3000 5588 LW
HPDMS B EANSBETEEPESE FA4E 1 /048 MASEFLENERS
B 1, SETFAESHXE A LHEIERRK: 2), FEFLAETHX
HAEF K, BWHETTL B3R REE, 5TmESHRE R8RERE
=S . BEFREZE TR LK POMS R, BEE FAE K PDMS HuE
EEHETRERZHR L (HPRUBE SR T RER), EHREST
PAA A TeG BBRE SRS TS .

EETREFFEEFISFEEFTMA 2. 5% BSA R (50mM BRER £ 2%
VB, pH=9. 6) X PDMS iR IE &5 F 2K Z &R E 1 30 408 FAKIKIMAN 1gG
B BARSHRIDEHIA g6 WS RAY 10 4-40, F PBST YRR BIE R
SV 3 IR, TERGRER TR,
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3.3. 3 HHERFH RIFETh BERYIE 5

H3-3 BOARFIMERREEEE

Figure 3-3 Home made micro-shot enhancing apparatus

—REAR TR A ERETIRE, AMERNER. RITAEMLKN
FNSRMFYHEER AR B E B R FIMEEDIAE, & 3-3A 4 BITAER
WMEEEE R %, HPROHSNMKE, MKRBHLN 3 5. B 3-3B H%F
LSRR R & AR — R A

3.3. 4 FHHBE G ERELE

FIFAFH B XFIHEE, WRA USB iRtk 44, BEBNE T
TR E R LM R . R R BRI ST R
RNEERAE, BRFIRESRERGEN, STk TN RN RHITHR
B ARHFL TR, KIIZIF. TRELH. BRAERIIRHNE, &
TPk S 8 (LR BERES, ARG I E G 437 IR 3R 18 4 (X 33 A 35 2R
R, KOEREN, WA 3-4 xR,
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& 3-4 FIF Imagepro #AITH g e ot BAR S REATIE

Figure 3-4 The signal analysis with the image pro software to get

the average grayscale values within the immunoassay zones

3.3.5 RENITER
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TR E YR, S EVA] A A R AL R RO R 2T B R AT 1 R
M, BEERWE 3-58 Frx (B 3-5A AMPARELD.
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THedhs

Figure 3-5 A the time profile of silver deposition in immunoassay,
the highest signal to background ratio were obtained after 12
minutes of silver staining ; B the calibration curve of h‘IgG with
the immunoassay conditions as follows: 500 u g/mL g;h IgG in 50
mM NaC0O;, buffer (pH=9.6) for antibody immobilization on the
polystyrene surface, 1:20 dilution of gold nanoparticle labeled
g-h IgG, 12 minutes for silver staining ( the micropatches shown

in the figure are-1 mmX 0.3 mm).
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