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Microfluidic Devices for Fraction Collection of single
strand DNA Fragments
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Fraction collection of select components from a complex mixture plays a critical role in biomedical
research, environmental analysis, and biotechnology. High-throughput and high-purity fraction collec-
tion is always required both in the application and research of gene express profile and lab-on-a-chip.
Recently, it is attractive for the analysis of DNA fragments of interest from select polymerase chain
reaction (PCR) products generated by high coverage gene expression profiling (HiCEP) methods. Few
automated fractionation systems are currently established, as the development of methods to capture
high-purity fragments of interest has been hampered by difficulties in cross-contamination of multiple
collections, insufficient separation and fast mobility.

Fraction collection of single strand DNA fragments uses the electrophoresis theory, which applies
an electric field to charged objects in a solution and makes them to get into motion in capillaries or
microfluidic devices. Microfluidic devices allow us to undertake the separation, fraction collection,
with very high efficiency of DNA molecules. (Chapter 2)

The use of microfluidic chips has attracted great attention as microchips offer several advantages in-
cluding portability, speed to analysis, ability to multiplex, and compatibility with other techniques.
The microfiuidic devices for fraction collection of DNA fragments are designed using CAD and fabri-
cated using photolithography technique. By setting up the optical tracking of DNA, preparing of DNA
sample carefully, the experiment for fraction collection is run. With determination of the recovery by
PCR and CE analysis, the resolution of fraction collection can be demonstrated. (Chapter 3)

In response to improve the resolution and reduce the cross-contamination in the collection of multiple
target fragments with short running time, two methods were developed using lab-on-a-chip techniques
in this thesis. The first method demonstrates a new structure and collection procedures for multiple
target collection successively with an electrophoretic separation run. Thoroughly isolated extraction
channels were used for each selected target to reduce the risk of cross-contamination between targets
due to cross-talk of extraction channels. Three single strand DNA (ssDNA) fragments were isolated
successively and collected successfully. Analysis on the influence of the delay on multiple collections
demonstrated that high-throughput may be possible by further improvement of transfer. (Chapter 4)
The fraction collection of DNA fragments for studying gene expression, like HiCEP has also suffered
from technical difficulties, including those related to the accurate capture of fast moving targets and
pure collection under conditions of insufficient separation. The second method introduces a new con-
cept of simultaneous space sampling for capturing targets in complicated situation, like overlapping
fragments. Ten parallel extraction channels which covered 1.5 mm long sampling ranges were used

to facilitate the capturing of fast moving fragments. Furthermore, the space-sampling extraction made
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it possible to acquire pure collection, even from partly overlapping fragments that had been insuffi-
ciently separated after a short electrophoretic run. Three fragments differed in size by one base, were
simultaneously collected. (Chapter 5)

We realized on-chip successive collections of selected ssDNA fragments using isolated extraction
channels. Using isolated extraction channels decreases the possibility of cross-contamination from
targets due to sharing the same extraction channel. We successfully solved technical difficulties using
a novel simultaneous space-sampling method that realized the collection of select ssDNA fragments
differing in size by just one base by using a separation length of only 70 mm. The use of a wide
sampling range decreased the difficulty of capturing rapidly moving fragments. Moreover, it provided
the capacity for high-resolution collection at insufficient separation lengths. This property is useful
for high-throughput and high-resolution applications. Furthermore, this method provides a roadmap
for the reconstruction of the separation to explore the separation mechanism. These fractionation-
integrated electrophoretic microfluidic device will also provide an important reference and could be-

come a new and powerful analytical tool for bioanalysis and related applications.
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EE. FROBECTHERZZDICEREOBVWEETFIHEROBERICHFNFE SN T
5, RO -IRNCBETZHERELTIIDNAYI 707 L1 BET N30, BAEBRROER
RHIRBIRETKD LT —NENI ERNA TYF 1 — 3 VBT 2-DRHEBE - B3
BICBAVD2REOREEEF TS, RIREEHEFRORBEBHES N —TE. HLWEETF
Wil & LT, HiCEP (High Coverage Expression Profiling) &I13415 DNA OHEEEFIEH O
FEICEDSYT, HHMTEERBL NVICERRD2BREFEFYET ) —BRKBICXDEN
BEALERETHRNICHERS - RET3EF2ERELEZ. ZOFEORBENAAIZ. DNA
RA7O7 b1 DEIRHONUDEERFNEH > TBBEN L, BROKBRLEBETFEE
[HKENC L DVBEBEBOBNCE TV THEL ., BENICRHETELETHD. £, UTVI1A
PCR ZAWTWS=0BEFOREBEZERTIIENTES, ThLOEEICLD, 1.2 5EBE
DB NS VBRETFRAECTOEEEICRATES 20, HLWRETFIHIES L TSR
FENTWB, /., HIiCEP i3 DNA 2B 2FH T3, BEICS U THRRGETES 24
MITBIEDTED, TOED., BELEBEFERB LT —IR—2{bT 5 2 EA0REIZR
B, BRI ASTSINVEKIKEI 2 A WT HiCEP EMESBEL. vy —F 1 72 ETHR DNA
WAL OTINZEDES THHL., PCR THEIEL 2% DNA 27— 8 —ic & D EERFI 2 3RE
LTWe, LML, ZOFRBRHEDEZ D BETOBHETIE. SEEMEVNEDICEREICLST
HRVRRZDZEP, TOABELBEHETH DI END, $ L1 DNA SEREHROBRIRD 51
Twi=,

BEPRELMAFTORE /N —T13. Fv S ) —BLKEKHERE (DNA >—7 > 8—) 2%iEL
T DNA 28BS 25 EERHI, BROMRICEEEZAML 7 RETENREF2HHT 3
HEROMBEIREZEOE. TOXIRMEERENS., 1 7 OREEEECRITELIAY
OF y 7TEKKEVH L WERETFLIREOF—F7 ) 0P —& UTHRE N, REHEESTRRT
REREBRRI N — 7 L BB/ L OEE OHERE TH 5Ll k¥ E TR SH IR =L
TN—7 L OFEREAD 2007 ED ST oz, KRN OEER. BHERLEEICEST 3D,
2008 £ 2 AA 5., ILBERZETRHERAFROERMEERE L TR 2E 25 AH, <1 70Fy
TEZENE T HICEP EY2BREICART 2 EROBRICEDY. @R RED
bE, FWHEERE 30 cm) A DOEWABEREN ZFIA L T | HEOHMEETHN D DNA BH %
DI DEWMOBRBICRII LI A N—D—ATH D, LhL, FEMIEEWME T DNA KH %
ST BHETIERD D2 bOOERNHRERR ZEH L TWS DY) OFEEECHEREIES .,
AN=Ty bBHEWE WS BN H 5 7o, FRXOEEIL. 2010 4 4 AlcBTHIEBICAREL
TeBARE. ABLUENEEORIZ2HED 1 A8 DNA. YIVF¥—4w k DNA. 2BWHIETHR
THHEMEMLT D& & BIT, HBHE WS BEIRT HiCEP B % | HEOHRETHRTS
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EZHERET 2 2BRICHEZ2ED T,

EEI. BEASAEREZ 74 NIV TST4/T2y hIvF U VHECEDVIESS ¢ mBEX
250 mOYA 7 ORBEEEORH THERTIEMNOMBIIRIILE, SIVFF¥—4w k DNA
EHET 272012, BEIDNA W 2587 270 ORIMHKK 2 MERICH L TEEIZ 3 FF0
FIVMMIZ 155 t m O FTERELZ., EERAL. MERRICEELZEBEAMTS &2
X0 BRSO DNA WA HERBICBALZWES KHIBL AR TH D, Lid, EZIHE
BE (BH - BRIKEICEBITAN I VAT 7 —) LBHEOMHZ2ER L Ial—avick
DBEREEORECHMT 2BRBOKRESZHONUDHEL THRICRBRAES Z LITRIIL
o THUZED, 3 DOMHEREZFNENFAL T, 94% U LOMETESKEIZ O NI A
DE—IBBEEL TWRWEEMNYILFS—4 v h DNA OZRE2EBRLE, S5I12, EFITHE
EPE VI BERRRE T HICEP E# % 1 lME O BETHRT 2N R T 220, 10 KO HRK
2OBERKICEERIC 160 w1 m DY v F TR AMBBEREBROY I 7 0F v T2 B L.
KEIZ 10 5 LW KBRHEWKEITHETZE -7 (1 HEE) 2 84% D LOMETHRT 54
ERORRBICRII L. (EROSBHEIR. BEMIC DNA 250WT 52805, BRNICHEE
fIO2HETH - W, FEORKIL, 10 XOLBREEFAL ZBRERY > 7Y o Fickss
BA#ET, RMEEMOmAOHRZFATZ LIV ENSBERE THERM. BOoESM®@Ee
\ZDNA 2595 Z ENFARICRD E Vo ERBEETS, ZHIZED. F—N—Sv LR
B2 1 HEEZEDDNA MR 25T ENTRRICARD, B &2/ OS 2F B L = alsz
BEFIRIATLEBETZ ZEITR L, RO 30cm EOLERE 2 AWEESIE. ¥
OFEEFFRIC 1 B L, SBERRNIC 50 2 2B LEL2BRERY. bIhEhehn 10 SR
ST EMEREIC RS EHIRNASAZER L - L TEERHERREZ LITEbDEER 2,
BB, WROHDEEETIZ 26% LT OMETUNSIRTE D> TN E2bTh 10 D08
REFEIC. 2 EE% PCR ICK DIEEERFIZ2RET 2 Z ENEEER 84% S VWS EWHETHRTSZ &
I L 7= Z LI HICEP OF — ¥ R— 2L 2T 2 L THRAR S EZEH L = LEs hi,

INZET I, EFL. INFF¥—5y b DNA 2BENICEWMETHIRT 25 EmOBE%
DHIXETF, LEBRME WS BERRT T HICEP EY % | HEOHMETAMT BHEMOBRICHAT
MOTRI L7, TNHEOHANSHESNAHAIX. HICEP EYM2BERMNICHOTM L THERS %
RETEZEICKORBE LB ETOT—IR—ACICET B E0HRLT. &2\ B
DB HIEHANTRETH B MG, EMRZOREVWHTESBICAEL BRI Z2bDEELS
Ns, Lo THEFR, BERFELT (BHREE) ORNZ2EEINSBERODDHDERED S,
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