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Microarrays of DNA and Protein Integrated on Microfluidic Chip
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Abstract To combine the advantages of high-throughput microarray and microfluidic chip technology,
microarray was fabricated in channels. DNA and protein were arrayed on quartz dlide, which was reversibly
sealed by poly(dimethylsiloxane) (PDMS) slab containing pattern of channels. The hybridization carried out
in channels indicated that target DNA and proteins were bound to their complementary DNA and protein
probes specifically. In this method, PDMS conjugated with polylysine was contributed to imparting the wet-
tability and decreasing unspecific adsorption of biomolecules. Our data demonstrated that the integrated chip
speeded up the detection compared to microarrays, extended the parallel channels with serial properties and
enhanced the throughput of probes and targets.
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AR 8 TS DNA TR A0S B2 70 A7 DB,
TE RN 22 B8 — W KLt & J5¢ [ poly (dimethy I siloxane), PDMS]
Wm‘%ﬂ’xiﬂﬁﬁ‘ﬂ%ﬁﬁﬁﬂlﬁfw 1) FH Ak 3 3 471 5 £ ) B
SyBEAON, AR i b RO AR BRI DNA - Sl A,
WG T BTAE DNA 2828 A PEHT DNA B
SRS P AT RE AR A5 ) R A T B SRV VRCLE TR TE A 1)
e, A H £ R 2R (polylysing) X} PDMS i T
TAEM, $¢% T PDMS RSk ME. XM G S 4m T
AEIRE 53 BT A JEL R A 0k
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1.1 R

1 Ji4 7K 11 (Al pha-Fetoprotein, AFP), Wit & A Hifk
[anti AFP monoclonal antibody, Ig G (mouse)]/4 H Fitz-
gerald AW, ZRBAMR, 1,4 4K H WA T 8k
(1,4-butanediol diglycidyl ether, BDGE), 3-4ii/K H il ik 4
5 = W AR % BE k¢ (3-glycidoxypropyltrimethoxysilane,
GOPS), 4- — Hl g L 1t m¢ (4-dimethylaminopyrimidine,
DMAP), “F1fiiE 1 (albumin from bovine serum,
BSA), It FEARILHIZEME (avidin modified by fluo-
rescein isothiocyanate, FITC-avidin), %62 bric LT
BUPUAA[FITC-anti 1g (sheep anti mouse)] 1 N,N- — F &
FH 8t %2 (N,N-dimethylformaide, DMF)IJ [1 Sigma /A ).
DNA 252 #i(50% formamide, 6X standard SSC, 0.1%
SDS, 5X Denhardt and 100 pg/mL fermine DNA), PBS %
W (1.0 mmol/L Na,HPQO,, 0.18 mmol/L KH,PO,, 13.7
mmol/L NaCl, 0.27 mmol/L KCl, pH 7.4), ZJLhric i &
%% DNA(single-strand DNA, ssDNA)FIH xS i AE 4 2%
o FITC #RicH ssDNA W H _E##E T, ssDNA (/74
HIT2% 1 A BERIE(75 mmX 25 mm)I AT 95O
XA B B SRR R A H. I K 2T
Millipore Q (Millipore Co.)#lifk. HAhik74 7 Aldrich
NG
1.2 FEEMH

A1 3 B AE HyOx/H SO, [V(H20,) & V(HSO, =
1: I a&dh 1 h, Jef5 K. SEERUKSEIF RS
. AL, BiEE 1% GOPS L1 /K
V(L) : VOK)=1: 91, JECE 5min, H ZEEHRIKE,

£ 1 DNA HEHFIL AN DNA (1751
Table 1 Oligonucleotide sequences of the probes ssDNA and
targets ssDNA

ssDNA Sequence

Probe ssDNA
A?* 5-Amino-ACG TGG CAT GCT GGC CACCGG C
B® 5-Amino-ACG TGG CAT CCT GGC CAC CGG C
C® 5-Amino-ACG TGG CAT CGT GGC CAC CGG C
D? 5-Amino-TGA GCA CAT CCC ACG CCT TAC GAA
E® 5-Amino-GTT TCC ACC ACT TCA GCG GAG TAA
F 5-Amino-GTT TCC ACC ACT TCA GCG GAG TAA
Target ssDNA
A B-FITC-GCC GGT GGC CAG CATGCCACGT
D* 5-Biotin-UUC GTA AGG CGT GGG ATG TGC TCA
E® 5-Biotinr-UUA CTC CGC TGA AGT GGT GGA AAC

#Sequence of A, D or E was completely matched with A', D' or E', respec-
tively. ® There was difference in single base between A and B, two bases be-
tween A and C.
AT, 120 CHlt 4 h, fFRIAEEA IR, F R
WL TE 2 2R WA TR W (0.1 mg/mL £ s 12, 0.2
mg/mL DMAP)LIinr”z hJ&, Kok, ZART, 13312
TR A 57
1.3 ZREBIBRARAAEL

K EIR B 2 R R AT RAE S 1%
BDGE ¥ DMF i, W 12h, ZEEHEE, KT
1.4 DNA MZERRBRIRH =

DNA FUEE TR EHFE i 20 Tl it £ 1X TeleChem's
Arraylt™ buffer (TeleChem International, Inc.), W)
A 50 pg/ml, FeRE| 384 FLAC, IR RO,
MREAR Y 150 pm. st FEHES D UL 1

400 pm
300 um

300 pm
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Bl 1 ssDNA FlEE A BRE e 41
FA~F R AR S SIS M SE R L TR, Horh o3 E D #REH D A E IR
ERESREE LS 100 © 1), B mON AN IEREE, JEAI5 TR 1, 5 G~
| W& F R 1g, BSA, AFP
Figurel ssDNA probesand protein probes array mode
Probes A~F were amino modified oligonucleatides, whose sequences were
listed in Table 1, and probes G~1 were proteins: Ig anti-AFP, BSA and AFP
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PDMS fifith 18 1) v v il VE 1 72 55 SOk [25] 47 ).
Al 5 2, HEBH S HRATENNLTEN S, 10 1 A fE
SU-8 Ju#Uik (MicroChem, Newton, MA) |, BGwE i,
TEYES EflsaMEEE. G #AE R pe PDMS. il
UG R PDMS 75 3 413% 9 MV fwudiiiE (v 180 um,
o 300 pm, K 2.5 cm, 730 um). A 18 SE ST kA
TR Ol P AT FL, SREVE)R, R 2 R R
W, 60 C W 2 h, JKPE, 70 TR 1 h, g%
R AT PDMSEIFNTE S b, SOl i 5 7]
I, AF WM (ECLIPSE E800, Nikon) i 4 fis#%5:
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Figure2 DNA microarray and protein microarray assembled in
channels
Polylysine-dide and replica of PDMS were reversibly sealed; probe dots were

arrayed in microchannels

1.6 #%

T %h DNA %5fif£E DNA 24483+ (3.3 ng H. %k DNA,
1 mL DNA Z848%), 1g %/ BSA ##(1 pg 1g, 20 mg
BSA, 1 mL PBS)H, HEFE(inlet 1, 21 A DNA FiA:as
(10 pg Triss, 1 mL DNA Z%A2¥K), inlet 3 A& 15Tl
FAE (10 pg Triss, 1 mL 2% BSA BRRZEK), WIRIR
PRFRTHEE; W2 inlet TR, 7E inlet 1, 2 AN
H 4 DNA Z8283, inlet 3 FFlIN 19G #i, HFED
(outlet)E L FL KA, #HIIdE, 75 42 CF 10 min N
AT RIS ML, inlet 1, 2 FHl DNA 24580, inlet 3
] 0.05% Tween 20 %7 (0.5 uL Tween 20, ImL PBS)Hk
HYES, inlet 1 PBS, inlet 2 1 FITC-avidin ¥ (1A
tt 1 : 250), inlet 3 ] FITC-antilg (A#1 L 1 250) & #¢,
S FFTE] 10 min, inlet 2, 3 B 0.05% Tween 20 %)

HE A, 4hELH PBS B k.
1.7 S

P ES00 3444 T CCD (Princeton Instru-
ment MicroMax, Roper Scientific), 4 & )t 58 & 1E ol i
L BO6EG i CCD kit MetaMorph (Universal
Imaging Corporation) - 73 #r.

2 HRFVE

KA 2 SRS R AT TR, 1A &K H GOPS 1&
MR IR, R R, 2 BB R 46 7 &=
4 GOPS £ £ 741 6 15129, W it th T 2 Rt R A e
JERIMMEMG, SFESRREE RS K, 1 GOPS & 1fi
A RIEAR B A A, [, 2 BB R 2 0 8 71,
TEFRIM L, A BB T A,

Z R TR NS PDMS &1 BIATLEE 51 5 A2 A7) 10 Ff
AL A AR — 2P, B Y PDM S S /K 14
Perm, 5B n] U R N OE T P kS, e R,
VIR T AR M e, 1 A £ M (1) PDM S 75 2L
LA, WA B HL2 5 7 AR

M AITC bricd HE B EFE D) biotin-avidin A& (7]
P SN AR SRR IOV 5 7. AR OB IE Y DNA 2448
g5, FIRTR DI T /R A- (R DNA. 7ERUiiE4d 1
o, BREN A L BRI CAEAE 18 20062 7, 45 R on: HE
sSDNA Hr i &5 A7 8RET A AL E &, 7E85% B Al C
I E ESEfE SRS, WontREr A S5HE ssDNA 771
SEAICRT. AFHKCEER DNA AT LAGLE R A [A] (3838 A,
41 2 f ssDNA KN 24 ML, ThA 1 2 AN
K. BT A E IRE D A E MRS FEMORELL N
1:10), H %} ssDNA D'A] LL[RI 25 & 4%%F D FIE, 1 A4
E T IHREF D & &AL, B )E S E MO I,
MRE F ML ssDNA D'5g e ANULHEL, KRES: 4450
ssDNA D', 7E26 RMEE L FRIMA SIS F. fE—L
TEULR, 758538 ) F-H DNA 35 5 9 -7 DNA FF G+
C I RAN, T INAE, SFEOCH R TR, 1
BT RSB R A (B0 R ANR] T 1) SSDNA 4126 7E
AN ) (R BHOEE T P, T e SO T T PN SO 2 A, ET LA
PR SN RS, BRAAS U B BH . E ARG B
TRAEKs DNA FIEE (A A /E— i, 1X /20524 DNA Fli
FIURAASR RAFEMR RN 2 7 DNA 28483 ¥ SDS
DA% F I 2 B A AC 1) il B S50 1 T AR, i 2
VR AT B AT (R A% FR I R 0% B i DNA, HAELR
PP b, T OE TE  BE Y BE, ASTEALE KRR Y )
8. DNA FHAR 1Tt B A5 A B ATE 5 P 45 21 SE PR
FEOEE 2 3y, i FIG R 1 (R K) IR, Fras
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Figure3 Fluorescent micrography of hybridized chip

Groups were hybridized with target ssDNA A’ (group 1), ssDNA D' (group 2)
and anti-AFP (group 3), respectively; then group 2 was stained by FITC-avidin
and group 3 was stained by FITC-anti |g; image showed: each target molecule
was specifically attached to its probe

Soper 217 i 7 OB P AL SRR 28 By
1AL, RBLAES minii, ZRATHUE BN, T
B 28 A Bt (R I 8] AT e P I R T 1 i
L, (RIS S ARSI T AR B0 5 AL ) 18] ¥ Al 4
JLA. AWFFEH, DNA 2828 RIRHS 10 min (4528, [H]
KHIARATI A 2 h (45 R A W 2 X,

3 it

S LR, AT ORI T R TR
(TR T A B AR B8 o0 1705 i e ) . 2 SR i
RN PDMS FMBAHHE & 1 8 T8 ) 23 7K Pk R S8y ]
BEAETE.
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