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DNA Chip using Single Stranded Large Circular DNA:
Low Background and Stronger Signal Intensity
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Massive identification of differentially expressed patterns has been used as a tool to detect genes that are involved in
disease related process. We employed circular single stranded sense molecules as probe DNA for a DNA chip. The
circular single stranded DNAs derived from 1,152 unigene cDNA clones were purified in a high throughput mode from

the culture supernatant of bacterial transformants containing recombinant phagemids and arrayed onto silanized slide
glasses. The DNA chip was examined for its utility in detection of differential expression profile by using cDNA
hybridization. Hybridization of the single stranded probe DNA were performed with Cy3- or Cy5-labeled target cDNA
preparations at 60°C. Dot scanning performed with the hybridized slide showed 29 up-regulated and 6 down-regulated
genes in a cancerous liver tissue when compared to those of adjacent noncancerous liver tissue. These results indicate
that the circular single stranded sense molecules can be employed as probe DNA of arrays in order to obtain a precious

panel of differentially expressed genes.
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24} Hjgo] Bo] T WS 7Kk §H4, (DNA -2 500
W] 5,000 bp 2719 5FE cDNAE poly L-lysine, amine
EE aldehyde® ZHT 7|9 flo] 143}e Ao2A, T2
AR el XPEA (differential gene expression)S 7-5}
7] 98 ol &gt fAA BHe HESA AR HAsiA
£ 24 DNAS %] target cDNA BT} <F 108 o] #A
Hojof 3tEZ, cDNAE PCRH O E FE3lo] ZA| 5 ook

ok whebA, ZEkan|= A, PCR 4738, PCR AM22] A A,

AY 2 A (denaturation) T TH|-EF A3 o5& Rk
ke HARE AAES AFof dit) 8, B3] DNARA
2% AT 7sEE R ALkE DNAS] JiEA Aol whE
TLg & Aol oJjrt

M13 g Q. Ho]X] 52 ©71 (single stranded)2] 23
BAE B2 7B AF7A] Ed¥o] A1 2 DNA
B7NE B4 Foll FE &8 b AxF Holxv=
(tecombinant phagemid)Z ST X FAAAS & A v
g2] 2. #l0]A] (helper bacteriophage)E superinfectiond} &, HY
& AR Qe EAghE AZF dEE o)A ZRE drts
S E]2] large circular (LC-) sense DNAE A 4 Ut} o]
o, M13 Ho]A " == LC-DNAZE B4 -3249] sense A&
e o A AxFE =+ Utk o213 LC-sense DNA
@rbgola o)zt 7 A4 T2 target cDNASHY] =
A% 7154 (higher binding probability), B3 ¥4 9] Aef
2 7|9l 8 F7Pt ZigiEh HEY 52 A
24 % (high sequence fidelity), HAZ-E SEF9] A9

24 5 DNA 3 & ¥3% DNAZA 943 ZHES
7H F Utk =8 2AE A g SFAEY wid
o] g3tn R, Au-goT i AN F Yk

E AT E 4719 FHES 7R LC-sense DNAT}
H AL G2 DNARA F-84E 7HREAE A5 9
3k, 1,1527) fru7 cDNA fr#i] LC-sense DNAE &
Azber & 2k ZA oA 1 Wdo] A e alnAEE
FHAE HAET)k EF LC-sense DNAY ZS (sensi-
tivity)Z 71&2] ZZ% DNAS ©3 DNAE AM83190E
742} vlus] Bokrt.
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1. M= Bt

WI38VA13 (lung normal cell line)™} A549 (lung cancer cell
line) MEE dFAEFLYoRE FoF dorh AEFE
< 10% FBS, 100 U/ml penicillin, 100 pg/ml streptomycing- &
3 RPMI 1640 == DMEM H#] (JBL, Korea)Z 37T, 5%
CO, ZR16A 747k mjsiaic.

2. LC—sense DNAQ| A2F HH|

3} 3 human unigene clone set (Incyte, USA) % 1,152711}
FES BHEA AXF dHA=E AAG F UFT
(E. coliy XL-10 GOLD (Stratagene, USA)ol| &2 A&},
1ul, & #Ho]A] M13K07 (NEB nucleic acid, USA)E- v] &
Ah & 57 TS ARSI, oed, 96-4 &
golEd YA (HFFE 50 pgml)F HEZA|EH
FHFTFE 70 pgml)o] FHE 2x YT AHA] (ayptone 16
g, yeast extract 10 g, NaCl 10 g/1000 mD)E G 14 ml¥ ¥
g £ gansformantE< HE3t0], 37CA 250 ipm F7Le
2 16713 ¢ A% st F23 oF9| large circular
(LC-) sense DNAE 97] 93], mig2 3u5= 3t & HolA
ARgER T wjok A5l 3 mlS PEG/NaCl (20% PEG 8000,
2.5 M NaCl) €97} 3 t}2, DNA 3| ZE (QlAprep
96 M13 Kit, QIAGEN, German)E AF&-3}] LC-sense T2
2 AAB . 243 LC-sense DNAE S ethanol I HdH L
2 FEUTE AE2EFEE 035 pgl= 2R EEA, 10 we
3X SSC (standard saline citrate) S8 2 &33}4c} %%
LC-sense DNAES] & ¥ €58 1% o222 A AV9 %

% ODasonn ZAWS F31] BeIBHAT

o

3. LC—sense & HZ

OmniGrid Microarrayer (Gene Machines, USA) =+ Affy-
metrix 417 Arrayer (Takara Shuzo, Japan)Z ©]-8-5}%] LC-sense
DNAE$ amino-silane =5 poly-L-lysine®] ZHH &Elo]
= E#d 2= (Corning, USA)S] EHe AA et A2ket 3
€ cross-linker (Stratagene, USAYE A8} 300 mJ9] ¢35}
oz ZAGE F, AREE] A7 desiccatorell B3}

4. Tmyp @ 58

LC-sense DNAS] Tm,, (melting temperature) 23 543}
7] 93l, CD44 antigen 2] L& X &3} LC-sense
DNA % AzF Fo|Av =& &9 (100 mM NaCl, 10 mM
MgCl, 10 mM sodium PIPES) <oll4] d¥Aakgich 2F DNA
2 95T 714 & ¥ 42744 Musidnh 2% 7fge
05CARES £=2 33, Tmy, #k8] F7-2 peltier tempe-
rature controller”} -2+ diode array spectrophotometer (Hew-
lett Packard, USA)Z 3191t}

5. RBNA ZTH|

ket 2 A4 7+ &8 PBS (phosphate-buffered saline)
g0z AHd T A AAskn WAFe) BelE A
(TRIzol Reagent, GibcoBRL, USA)°l| Yol 10%- <t w23}
(homogenization)3}$1 TF ©]213t F2] 2 v EZHE =)
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ZAF] 2 H e we} total RNAS #8315t Poly(A) Quick
mRNA Isolation Kit (Stratagene, USA)S AF&-31 poly(A)
mRNAE AAF 5 target cDNA2] E2]S 913t 8o =
AHE-81SIT)

6. Target cDNA Z=H & hybridization

Aage

Target cDNA ZA] 2 hybridization Patrick O' Brown
ral A-7FA 9] protocol (http://cmgm.stanford.edu/pbrown) o]
wet sk AAE 2 ug2l poly(A)* mRNAE Z+Z: Cy3-
dUTP %= Cy5-dUTP2] £A18}elA] oligo-dT primer (5-TTTT:
TTTTTTITITITITITVN-3)Z SAASIATE 2413 cDNA
£ 29 (microcon-30 column)©. 2 AA|E & 80 ui2] hybri-
dization &9 (3% SSC, 0.3% SDS)2.2 A-&afstitt. T4
3 target cDNAE 100CoNA 287 E¥Adse] DNA Holl
2 & ¥ 60T F¥E 65C 249 F&7] (humidified
chamber) WollA 16A17F < hybridization3}3iTh 1 oh&,
LC-sense & 2x SSC &Moo= 28 0.1X SSC, 0.1% SDS
o= 58, 0.1x SSC §Ho 2 587+ 7h 134 M AT}
AZT & 20do] ARSI

UL 6

ol AM
ES =

7. HO|IH =g

=
[

Hell A=
instrurments, USA)

HZF 7 E GenePix 4000B scanner (Axon
== Affymetrix 428 Array Scanner (Takara

S, $HE oluAES

Shuzo, Japan)= == software =

Basgch A2

35 243k (median intensity value)oll A 173

7} (signal intensity value)® Zt spot®]
7+ (me-

pression value)= 3}}9] multiplicative normalization factor=
Adstelgla, o2 Cy5/Cy3 vl-&ol 2831317l me-
dian normalized Cy5/Cy3 #+-2 1.00] =it}

= =
= BT

8. LC—sense DNAS| iz AX|

2+H %l human unigene clone set (Resgene Genetics, USA) %
204709 8 HHSIIE 2H Heo|A] MI3K07E 7
AP B2 7 T AxF dHolAr=g PP
g &, A (AFEE 50 pgmheS T LA
37ColA 16413 Bt vidstaich thed, EAE single
colonyZ 100 ml¢] LB EAIA] (50 pg/ml G A=, 70 pg/
ml Zhete] 2] gyl A E s, 37T A 16417 T2t
F3FTE. HjOkNL 6,000 pmO.E 1057 YUEF T o
o1 oF 100 mie] Wi A Yol 20 ml®) PEG/NaCl (20%
PEG 8000, 2.5 M NaCh& H7Fstal 4204 108&1F s}
Gt o]l A o2 A vixlE AA FXE ARSI
LC-sense DNAE 3 AA5} ). A3 LC-sense DNAE
=371 S

248e sas

< ethanol IACR F&5T F %4
1% o}7k22 A H719%
ot

)K]:E

AR

=

BIHZ|2H0|X] AlAEIE Ol

ZH Y LC—sense & M=

3t B LC-MA
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DNAZ

3 LC-
ag

M13 Hlo|A|u| == F1 BA| 7 A4 (replication origin) & 7}

dian background value)S A3t AABIGTE T £A] ex- A, °]& AH Ho|x|g} FAll| Wt SFAEA AF3ted
Single Strand Rescue by Helper Phage
F1(+) Ori.
Recombinant Phagemid M13 L(? |ggle St':? nldedl
Helper Phage, -oense Molecule

Target cDNA

e ey,

Target cDNA

Fig. 1. A schematic diagram for production of single stranded LC-sense DNA. A cDNA of target gene is cloned into the multiple cloning
site of a M13 phagemid vector. This construct allows the rescue of a single stranded LC-sense DNA of the target gene when superinfected

with a M13 helper phage, M13KO7.
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Fig. 2. High-throughput production of LC-sense DNA in a small
quantity. 1,152 transformants with recombinant phagemids were
incubated and infected with M13 helper bacteriophages in a 96-
well format for large-scale production of LC-sense molecules in a
small quantity. After purification, LC-sense molecules were run
on a 1% agarose gel to test their quantity and quality. C; control
LC-sense DNA without insert sequence.

v Fahd, wiok A Ao EAlshs M13 dheE] esol A 2R
E] LC-sense DNAE AAT % Ao} (Fig. 1). LC-sense w4}
o A, et P25 FAHREE ARA A w2
A% AsE g X, g s TAREe sk S AH|
g0 Add & ok o]2g FHEL LCsense BAE
DNA 3 AZH8 probe DNAZ |88l glo] FHo= 28
g JE AoZ JdiEith. I /F84E HF] st
o] WA, Fl(+) origing 7HA1E= M13 Flo]x|u]= wE]of] Q17+
cDNA7Z} cloning=lo] & 1,152702] unigene cloneES 4
H3k & LCsense DNAZ ZASITE o] 2 ¢35t AZF
HolAm=g dH Hol27}t vg] A W sFAE
o] FAMZSIT) 53 transformantE S 96-U S0 E
o] 7} Ao £F3) 52 AAEAl HET T Fof uiUs
At vl Aol o 2 BLE] LC-sense DNAE 967 ©H91& A
A T A AZS 8l AF STt 035 pgut HEE F
ASith %3 LC-sense DNAE S o722 4 A7|9%
2 F3lo] 823t} (Fig. 2). MicroarrayerS ARE-34o] 1,152
Z 52| LC-sense DNAE S silaneS FHI glass slide®] T

ol HA (spotting) e ZH LC-sense -2 A2

2. Tmiz 2t EH0 2|5 LC—sense DNAS| &7t &
O
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LC-sense DNA2] A% Z443} 2% (optimal hybridization
temperature) S 5317 A3t Tmy, & ST ©f
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Fig. 3. Melting temperature profiles for double stranded pha-
gemid molecules and LC-sense molecule. Absorbance was moni-
tored at every 0.5C increment in a 3 min interval while tempe-
rature was raised from 30C 0 95C. A. Tm,, profile of double
stranded phagemid containing the CD44 antigen insert. B. T,
profile of LC-sense molecule, containing the CD44 antigen sense
insert sequence.

mmef| A9 FFEE 54T 2, o]FA

Holxmj=o] 79 87T FZollA WAl A3 FHE=
(chromatic change)E YWEFHRAIL (Fig. 3A), LC-sense DNAE
54T FZolA R @it AAg Yeidie 33 s ¥gE
B9t} (Fig. 3B). o133 Tmy, 39 ZaT LC-sense DNA
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Scanned Image

Scatter Plot

Cancerous Liver (Cy5)

Normal Liver (Cy3)

Fig. 4. Differential gene expression profile between a pair of liver cancer and normal tissue. Cy3-dUTP or Cy5-dUTP-labeled target
c¢DNAs were mixed together and hybridized to a LC-sense chip. After hybridization, the chip was washed, scanned by scanner, and
analyzed by software. The data were then scatter-plotted. A: Scanned image of the LC-sense chip. PMT value for Cy3 and CyS5 was 450
and 500, respectively. B: Scatter-plot for expression profile. Expression profile is shown as bivariate scatter plot from a LC-sense array
tested. Each spot was scatter-plotted after log2 transformation according to their intensities.

o] E545E ARY F AUE FLF 2x0lth webA,
LC-sense & o]-&3to] 283 #F3a 2 Z=9 (di-
fferential gene expression profile)& L7]oll LA, ZAF 7H
A% 93 23 F9 poly(A)” mRNAS] =8 WA &
Q& Ht) o1& H3te, 48 <DNA chip (Genomic Tree Inc.,
Korea)S AHE3FITE 7F A 2 14 22 2EFE A4
3} poly(A)" mRNA Z5-E Cy3-dUTP 5 Cy5-dUTP E4]
cDNAE 74z} Adste] &3t F, 65TColA DNA 33}
hybridizationdt 3Tt (23} B]AA). B 4P Fsto] AR
29g olAE E& F U7, ZAT RNAY £l
T BAVL 982 891 & AU 5o, AR LC-
sense S AR&3t} 7F G wla) ek 2 lM A
By FH e Jelle fax ZERAS AR 3 A4
A 2 7F 23 73 poly(A)” mRNAZF-E target cDNAE
ZA3+ F LC-sense DNA H 3} 60C ZZ oA hybridization
3lg3th 2 ©F2 LC-sense DNA & 23 F AT E 4
o2 BAE0AL (Fig. 4A), E53 dlolElx log2 ¥ & (ans-
formation) & 271E] &5 (scatter-plot)S 3T} (Fig. 4B).
20k A7 200 3R] FAAES F5 dlolE T4
oA AQsiitt. 2 A 1,152702) FRA F 2978 (oF
2.5%)7} 7kt Z2) oM AbsExd (up-regulation) = 2 ASS
& 4= ATk (Table 1). ©} &, CD44 antigen, IMP (inosine
monophosphate) dehydrogenase 2'9 Multiple endocrine neoplasia
17 58 oln 1 Bl {HxtE Bad uh )tk ole} ik

2 7+t 22| A s18k24 (down-regulation)s = 67 (2F

Fig. 5. An example of production of a LC-sense molecule in a
large quantity. A transformant with a recombinant phagemid was
seeded in 100 ml of 2< LB liquid media and then cultured for 14 h
at 37°C with constant agitation. The LC-sense molecule was ob-
tained from 100 ml of the culture supernatant containing recom-
binant bacteriophages using a specially designed semi-automatic
purification instrument. After preparation, LC-sense molecules were
run on a 1% agarose gel and photographed under UV light for their
quantitation and quantification. Lane 1, LC-sense molecule pro-
duced in a large quantity (40 ng), lane 2, LC-sense molecule pro-
duced in a large quantity (30 ng), and lane 3, LC-sense molecule
produced in a small quantity (32 ng).

05%)9] 32k T3 HAE 4 o™ (Table 2), ol 5
Fibrinogen-like 1 A AH= ATL (adult T cell leukemia) 4] ¥
A sekrdEE o RuFHY, ojHd AREd LC-
sense EAPL OlTFE frAAte] ApEA Uy Z2alls 97
4%t A AZHE probe DNAZA $-84& 713 & 53 &+
Ak

4. LC—sense DNAS| CHEF HF|

DNA & F23t7] fsixd= g3 DNAY oty o=
°l

A ol FRHolok &t o|F §iste} WiAtE A &
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Table 1. 3t 2o Adzx4d W

VhE FHA 25

A=A & A s AA 9%671-78A 2, Hdl 30 ml E

Gene Name Accession No. Ratio of Median
CD44 antigen (homing function and Indian blood group system) X66733 6.3
Cytochrome P450, subfamily IIE (ethanol-inducible) 102843 6.1
Transcription elongation factor A (SII), 1 58
IMP (inosine monophosphate) dehydrogenase 2 J04208 55
ESTs, Weakly similar to KIAA0206 [H.sapiens] AI193075 5.6
Human skeletal muscle 1.3 kb mRNA for tropomyosin AI797037 48
KIAAO0701 protein AlI797037 48
mRNA for transcription elongation factor S-II, hS-1I-T1 NM_003195 52
Deafness, antosomal dominant 5 AF073308 5.1
KIAA1037 protein AI383628 4.8
KIAAQ375 gene product DAB002373 4.5
Prefoldin 5 AA287397 42
KIAAQ710 gene product ABO014610 4.1
Paired-like homeodomain transcription factor 1 U70370 43
Retinal outer segment membrane protein 1 DLO7894 4.4
ESTs 739419 3.8
MYC-associated zinc finger protein (purine-binding transcription factor) M94046 3.6
Ubiquitin-conjugating enzyme E2L 3 AJO00519 4.1
Novel human gene mapping to chomosome 1 AL040438 39
Homo sapiens clone 24421 mRNA sequence AF070641 39
Homo sapiens mRNA; cDNA DKFZp566J2146 AL050081 35
Chromosome condensation 1-like NM_001268 35
KIAAQ902 protein AB020709 29
Muitiple endocrine neoplasia I Y12338 27
Protein tyrosine kinase 9-like (A6-related protein) AT188660 2.6
ESTs, Weakly similar to ORF YOR150w [S. cerevisiae] Al129433 24
Transcription elongation factor B (SHI), polypeptide 2 AW327285 24
Calcium/calmodulin-dependent protein kinase kinase 2, beta Al026833 2.4
Cofactor required for Sp1 transcriptional activation, subunit 9 AA665998 21
A& AAH o /et £, LC-sense DNAS ¥ AAZ g 9& 4 sk

5. LC—sense DNA%} SZ&l cDNAQ| % H|w

= 100 ml £3F2] £57], vacumn manifold F5292 31918t

Pk AxF dolxn=g &5 ol FFHES &, DNA % A28 ©% DNAZA LC-sense ARE ©7he
HAH single colonyS 100 mi2] LB A =] A kst 88 22 X E2E, ¥ 712 (DNAEY 2 uk

th AA FAE ARRSt v AHAOERE LCsense | EE VFE AR dAASIYnh o]& BRI fEld, 5
DNAE i AAS F 1% o242 A AV|9s %2 0D gk 20471¢] FAAFE] S LC-sense DNA 2 cDNA7} &
& 5AE Bole 4 4 28 IRIEY Fig. 5. 1 E A& AP HEE Al1d ZE (signal intensity) S
3} 100 mle) wiek Aol o 2 RE] 200 pg®] LC-sense DNA Hlas] Bk 93, 4719 FA7 o] vk Aoz
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Table 2. T3t 2ol Shgz2d @) o he F47 25

Gene Name Accession No. Ratio of Median
Transmembrane protease, serine 2 U75329 048
Fibrinogen-like 1 N92944 0.42
Human gene isolated from PAC 272116, chromosome 1 AL023754 0.35
CASP2 and RIPK1 domain containing adaptor with death domain AAS811130 035
Ariadne hom AL040708 035
NADH dehydrogenase (ubiquinone) flavoprotein AW250734 0.29
o LC-Sense Chip e ¢DNA Chip
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Fig. 6. Comparison of signal intensities of LC-sense DNA with amplified cDNA products. Cy3-dUTP or Cy5-dUTP-labeled target
cDNAs were mixed together and hybridized to a LC-sense chip (A) or a cDNA chip (B). After hybridization, the chips were washed and
scanned by scanner and analyzed by software. Each spot was scatter-plotted after log?2 transformation according to their intensities.

HE] LC-sense DNAZ 9671 @91 = sk A A3 3 ethanol
TEES 333, H AFE A8 HFF=7) 035 pgut =
=& 2A3ITE Microarrayers AHESt] 204%F2] LC-
sense DNAE & poly-L-lysine Z® 3 glass slide®] EH
Ao 24 LC-sense chipS A&}, SA7F F-1450)
3t cDNAEC] 593 552 HA o] ¢1¥ Takara Shuzo
Ate] 748 ¢DNA 3 (IntelliGene Human Cancer Chip Version
4.0, 890 FAADLS F03IIch WI3BVAL3 (@] A HET)
2 A549 @AY AEF) 3 total RNAZHF-E rarget <DNA
& zAgle] S T, LCsense ¥ = ¢DNA A 65C =
7oA hybridization3t 3t F F/9] & 2AEE & 5
A& 2047109 At st 290 X #AS & 23,
LC-sense DNAE©] cDNAY) BlaiH =& Alad g 7}
AL B 4 AU Fig. 6). o] A=
LC-sense DNAZ} F 7}52] ¢DNA Ht} &
< M= AMEE A Eh

AE Az e AAH 24E AP A= V)2 WTH
AT 2 e @A frax 23, 24 A

7= olefdk BAE 93 gy o
=22 = (DNA Zlol2 el 25E SE3 pCR BN
e ¥ Akl gt

B Ao E LC-sense #A4E ¥ DNAE o]&35= A
2& ¥elo] DNA & s an, FH2e] 2y o
AT-E AT T EAEY {848 A3 94 DNA
B7NMEE 23 e 1152709 rUZ DNAE 7H A=

¢
¢
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I 5571 035 pgu7t SA EF3AE o] ¥hHeE H A
zZhe 3% 1,152719) B3 DNAES 1502 g4 d& +
ATk A, €3 DNAY| 3k oj#o] 71 (array subst-
rate) 243 poly L-lysine®]t} amino-silane 59 AMHEE
e, oldd 71dES #2] B IHEE iAo
AL 73 5 . B AFE B319], LC-sense DNA
7} 237] 2% ofdle] 714 BT o]8d F U< &
A3tk

Tmy, & 225 3 LC-sense DNAQ] &4 A3 2%
7t 0T #29UL 5T 4 AU PCR A€ B3 DNA
F o]831= ¢DNA 79| hybridizatione AFH o2 65C F
oA i) o] g 2te] & LC-sense DNAZ} PCR 4F
B gde drtge 728 JRine AME vkEE £
ok o]ojA, 7F A R 7k 2 o2 RE] ZAF poly(AY)
RNA2 €55 #AH3 & target cDNAE FAGISIL, ©|&
LC-sense 33} hybridizationd}3ich. ol B4 EdE2E B
HH O R AMEEIL = Cy3-dNTP®} Cy5-dNTP 33 4
AE ©]-8313lth. Hybridization - W43 £ v]50]4 Al
222 AA7] 98, LC-sense H-& ¥HE38le] AlAsISic
AT ESoA o 2E 4 A 1152789 34 T
29707} 7kek A A A T, 6707t SR
25 4 F AU 4 KA AR VIS VIEeE BY
& A%, AgzrEEE 29709 37 F 127k MER 7
5 (novel functionys 7 ZHoiith 7€ Jd74HE
ulgro 2 7)ol &#d 17712 {AES 75 W (func-
tional category) HE 273 A3 e HEAS AY (cell
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