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Abstract — The application of DNA chip technology includes the diagnosis of various human diseases associated with DNA
sequence anomalies and the comprehensive analysis of expressed sequences with regard to newer drug designs. There are a
variety of options for making DNA chips and detecting hybridized signals. Here, we take a close look at the principles and

manufacturing technologies of this rapidly growing area, highlighting the BiAobilization technology on the chip. Finally

we present an example of oligonucleotide chip for the analysis of multiple MODY gene mutations, which are related with dia-

betes of the young.
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Fig. 1. Total biochip market: revenue forecasts(world), 1999-2004.
Note: all figures are rounded; the base year is 1999
Source: frost and sullivan(June 1, 2001 bioarray news)

2. DNA chip system
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Fig. 2. DNA chip system.
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Table 1. Comparison of DNA chip & PNA chip
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Fig. 3. Structure of DNA, PNA & LNA.

PNA

Binding affinity force
Hybridization affinity
Hybridization rate

H-bonding/charge repulsion

H-bonding/no charge repulsion
1°C higher per base
100-50,000 times higher

Salt concentration Highly dependent Independent

Tm for single mismatch 4-1C 8-20°C lower

Typical length for DNA chip 25-40 bases 12-15 bases
Chemical stability Depurination with strong acid Stable

Water solubility Low

Max. base length No limit 18 bases due to self-aggregation
Cost High

Process Established Difficult
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Table 2. Melting points(Tm) of various kinds of duplex*

Duplex m Pin microarray:
> + Incyte, Hyseq, Molecular Dynamics, etc
15-mer PNA/RNA 72C @ 10,000 probe/cmz
15-mer PNA/DNA 69C
15-mer DNA/RNA 50°C °

15-mer DNA/DNA 54C [ \, j oo R KV Repeat

*Studies in 10 mM phosphate buffer, 0.1 mM EDTA, 100 mM NaCl, pH 7.0[9]

716 234-51= DNA/DNA duplexs] H1514] & 712 base paid 1°C¢] Inkjetting:
Tm A% E312 2.1tk PNADNA duple) o]2]3 7at 251 wjao, - Photogene, Incyte, etc 50,000 probe/cm?
2} 15-25 merd o] 2] DNA probeg AH8-8t2 DNA chip?] 7-9-of] 1] .
3] PNA chip] A%+ 2Rt} S PNA probée = 53 =2 A >{u Ogiiesy [\H( hove \T/ Hoped
8 7EE 4 vh 259 %= PNA chip& DNA chipdll Y1) single L L, - o
base mismatcfi Tigh =& M= 5o 0] 9= wig, o142 PNA
Az F7o] ofga o] Bo] Evhe ©e] drh Photolithography:

I o2 nucleic acid analog@& LNA(locked nucleic acid)l $A=H10]. - Affymetrix 400,000 probe/1.28 cm?
LNAZF DNA$} th& &, 2'-0, 4'-C methylene bridge bicyclic mo- . ™
nomeric unig: ¥t 20| THFig. 3). LNA 94] PNA2} 270] A, i W ML oue Ak Pepest_
)91 9] DNALH RNAC] th8 A1l 78iehs 4788 7KL 9 —_— — —_—
t}. o] LNAZ] bicyclic +%%] AgtE conformational flexibilityl] 7] MismaRy
stk AE 4 gtk =, LNA2] bicyclic 727} hybridization=} Electronic Addressing:
Ao A ¢ conformational transitiof 7+4A]7]7] wjFo]t}. DNA + Nanogen, CMS (Clinical Micro Sensors)

monomeE- LNA monomeR. X1&& 73-9-, medium sal&&71 514 3-

8°C 42| Tm s 835 HQITtH11]. &3] PNAZS capture probg
712" PNA chip, LNAZS capture probg 4A2¥ LNA chipol2} 8
gtk A4 PNA chigs- =i o] A9 A olx 7igstar sivt.

Fig. 4. Manufacturing techniques of DNA chip.

4. DNA chip I g4
o] itk EA AR-H L Qe pindd] 9314, o]23E A 22 spotting
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HFA o] 1}12-14] inkjet 4] 2.2 174 FH] £ DNA chipg A&& St} o] HhAle- DNA f-ollo] 274 717 3mof 2] a2 94 (piezoelectric)

4 $h=d), pin microarray*}+-2 Stanfordt) 8] A3} stal wdel o L olgste] ¥ 7] w2l dropping % 7@'&%_& Zﬂ
Patrick O. Brownu=mol] £J3]] 7= o] @A) Bo] A-8-5 L 9lt W & 5 Sk Aol Sirh. Hgh o Ag o83 Ao A
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o] A= HL H | spottings|:= DNA £-<1¢] o] B&y= uA4|7]2 ) T3 4-3. Photolithography

EAo 97 F9EER, spotting%FS AL Aojd 4= gl Photolithographyd-2-&, 223718 $dlA 35kl WHoe = DNA

Table 3. Manufacturing techniques of DNA chip

Technique Feature Chip DNA chip Manufacturer

Pin microarray Pin microspotting(contact type) cDNA, oligonucleotide Hyseq, Incyte, Molecular Dynamics
Inkjetting Inkjet micro-dropping cDNA, oligonucleotide Protogen, Incyte

Photolithography In situ synthesis of oligonucleotide Oligonucleotide Affymetrix

Electronic addressing Electronic binding & concentration Oligonucleotide Nanogen Clinical Micro Sensor(CMS)
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Table 4. Comparison of microspotting and photolithography
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Photolithography

Microspotting

Probe Immobilization

In-situ synthesis of oligomer

Binding of prepared cDNA or oligomer

Quality control Difficult Possible
Probe density High density (250,000 probegjcm Low density (10,000 probes/én
Chip to chip variation Low High
Cost High Low
Process Complex Simple
System throughput Low (8~12 arrays/day) High
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Lo} e salt 271 stellAE 7|9 BHOREE "ol U
7hs7del 7] mieoll Al olg wAsE Ao se FA ol
dnkz o g e ARRE e e sl UVE 2ARRCEA 8
EH 99 S zhe ofWl7|2k DNA Wi S48k Tymidine
residuglre] 54232 FAste] DNAZ f& EH 7t 437
= Aolth20]. 22t ol e AMS-E 739 DNA W9 32

T

T

=]
i

o] A9} 5 2E3AY & 5 7] WiEo] HF: target probeh
] hybridization &.-&0] A=A weby HE 7o) Avke &
Aol Y} olH e FAIH-S DNA Ueke] uhsr]o fEHe F
AR IAst A WHeR AT S Ak o] Aedle &
2] 372 DNA Zdo] ofefe} o] M2 WH-gd ¢ gl wHe71E K

fr8tal glofof gt
1) For aminated DNA
A. aldehyde(CHO)-activated glass
B. Isothiocyanate(NCS)-activated glass
C. Epoxide modified glass
D. Carboxylated or phosphorylated glass
2) For carboxylated or phosphorylated DNA
A. Aminated glass
DNA ZHo|(HE 5 9A]) aming]E Bole 34 42 2 49
o %1o] aminated DNAZ =W T]7-2-2] DNA 7|3 SjAlo|A & &4
A FEAAE 4 2t wEbA] aminated DNA& o863 23] W
ZolM EAS WHS CHO glass[24H NCS glass[22]] 72 ¢

Bl - A4 -

5-1. Immobilization of aminated DNA on CHO glass
CHO glas& amine glasg} 3 7174 de 4434 glass| ==
aminated DNAE CHO glas$]ll ¥} % spottingste] wH3-2 A 71t}
DNA Z+9] aliphatic aming] nucleophil& 2+-8-3led, f-2 %H CHO
719] 94 e BAE FASY THATe] 849 & 2 9heS
A schiff bas& &7 gt} o] %A DNAZF 28E CHO glass]
NaBHZE 715t &-4uks-8 AIZItkFig. 5). 1w NaBH: #2 EH
9] vk E CHOZ1E wH-8-40] gle Ut ¢E= 2h938le] background
Age it} I3, schiff bas& KT} <k
(<)

[e]

fluorescencE A= ST
H Agoz U7 = 4= g olw] DNA Uil 413k A, C,
G 9719 aromatic amird 2] $1¢ CHC®} vk-g-38lx Fuk-&-o](side
reaction)dold = ¢}, o]213 Fukg-2 Zo]7} L oligonucleotide
9] 74%- -0.01%% =°] double stranded PCR prodéictd-$-= -10%
A= ATt

5-2. Immobilization of aminated DNA on NCS glass

Isothiocyanate activated glass(NCS ghissyyid 2.2 da #53
2] 971 W] |4 58] 7134 el NCSF1E £ oo} $rh(Fig. 6).
NCS glasg} A &5, o] #2] ¢ aminated DNAS-21-S- spottingt
o] A3} W8-S P71tk NCS glassiHe] NCS w3719} DNA
Lere] offl7]9ke] wk3-olA ¥ H isothiourea bond(-NH-C(S)-NH-)
= i e Ajtolr] wiEe BEe] £ Myt e gty 3k
2] 3™ #RkSE NCS7]of ujgt ¥ =] blocking 5-g°] §lolx=
background fluorescende™i-f- Zt}. SEA T ellA 153 Wk} 2ol
NCS glas8] 7% ‘ddst Hol 4R geot fEd vlE] NCSE: 4
A7 FHo] dasitt,

2ol g CHOSF NCS glass g s MHHo2, Type | §x
oA 254 o]ste] A2 vololA BH-E sl d3o]
MODY(maturity onset diabetes of the young)[28Jd 4} &l A
Ho] site 6745 38k i Tk DNA chips A28ttt
A2 DNA chip 9ol 402 dAdsv Alge] dHo 2R 2y,
Z2ZA17] DNAS- HF2-A)7| 2 ©]8 ¥4 scanning B2 2438 A7
7} Fig. Pt} 67171 2] A2 t3& MODY 3314 ZHzof] tis)A, mutation

1
=

2 rf of

5

o)
PA
[e]
Al
.7

Y7F

N

AF1E 25 Wgol tisiA £ AAS] drgstaat gt sited]] s)@slE FEo] 471X ¥7](A, G, C, TE Hol sle 4579
DNA DNIA DNIA DNIA
NH N H NH
NH2 I Il I |
H-C -OH C-H sodium- H-C-OHH-C-H
Borohydride
Ot HO: H DNA O: H Dehydrationot H Reduction
attachment Reaction (NaBH4)
- | ] i | ] ey
Intermediate Schiff Base Ready for Hybridization
Fig. 5. DNA immobilization on aldehyde-activated glass.
'|3NA TNA EI>NA
NH
NCS NH NH
S
NCS  Nes  Nes =<NH S\ S=<NH
DNA @
NCS [
H’}=S H&S AN > BN HN  HN
THz NH, THz HN  HN HT S s HN)=S J=s =5
2

)

ig. 6. DNA immobilization on isothiocyanate-activated glass.
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DNA Chip 243} 71& 287

(a) MODY chip on CHO glass (b) MODY chip on NCS glass

Fig. 7. Fluorescence image of DNA chips for the diagnosis of diabetes

DNAE g o] 2293t AFow e fAAE AAE Rge s 4
W vhEa)A spottingg &t3it. MODY 7312171 Sl= 6714 &) o}
ol 7R} gHA) doll= MODY -#-AAkg} #&o] Q= control5-24}
& 22 wros FASAZTE DNA chip ey f2d7e] Zdelzt
15 meRl A&, sitFoll= dol7F 25 meRl -8 A ) mT}
Al Fig. PIA T3 ale] 4712 DNA spot grougs, % 15 mer=&
25 mef] DNA ZFollx] 4 7ked) & 7ie] Griate] A= 2= f312
21 Zlo|th. MODY -f77tel]l ®ol7t glo] Add 25 e/19] 3ol o
A AR 72 A -3 - 20 ) -2 5 -3 5 - 23171 2] DNA spot
o] FFA 77t 22 e v Fhe] FAA FFAV R | Aok
gt} FFA T AR E g2 A & Wik a) siekls A F@
ot @ ouXE A% A7} (data not shown)B2] F-HA FolA 5
AN &2 ol BE faAd dEixe 4oz wske A7 vt
o 2y 3 2goAigl ko] MODY kel #0] gl control-F-d
27F A sk 72 845 sl hybridizatior] 719 DeojuA] @bk,
Capture probd Zo]= probe desigh & wf = ojof & 523 &
&%9] o]t} Fig. PIA 25 mer DNAE A48 7% E3A171= o
2 27181} perfect match mismatchte] HEE S Zo] &t} o] 15
71¢] basesell shte] basel B4 ek Zlo] 250 FollA & 7ivt =4
28 AR e AlE e JHte] AEw e 22 AE Afolrt

ZA)H 2= CHO glasgl NCS glass?g 2} WH-S v]l22 wj, background
fluorescence NCS7} -$-4~3}t}. 2232 probe capaci§} hybridization
efficiencys W33l FFA7e AY ¥l o= FaE. 51
ko] A3b= 57 probe DNA sef] thalr Hoidl Aujolma 2o
systend]] et w3} - AEr] 9§ dFe] MaE o 2
Aol - Ao & Zloft.

6. DNA chip 7l 7HL S&k} sletSsiRtel g

3 DNA chip’lE 71§32, 24 19 A7A 84 245
A7) FEe 2 AE Blelu)

1. 484 (accuracy): DNA chipdl&2] 848 A4sl= 34 &
A, FraA w3 o) f-5el tigk A EAF bl A7 E 2ol

fal=3 =

= AE3] ) d 5 Qe AdE Qe 7149 slke] Mg ofok
3T}, o] nucleic acid analogt ©]-8-3l= #'Ho|L} DNA 43} 1t
&S AE3] PR sl A2 FA 7€ /M 52 4] o] R
ot} 2. 7= (sensitivity): 2 k2] DNA iH3-2 EsiH = 435
FE3] ARG F A HEE VEEA A=Y S BElA DNA
chip] AAZE ZA FIAA F At ol F2 =& 2938

F AZ v ge] AT 55 A olFeld & Uk 3
(reproducibility): A 9432 JEA N2 BEEE FA A= ot d
A A¥=]2 90E DNA chip® pind} slide glasse A& #9948 5
o] F#A7F 2Avh. DNA chip?] AA73-8 337171 SEixe 34l 98
E29) pinz} slide glasg] “3%¢] A d=]ojof gt Plasmaz 3+
2 o] &3t #Us THY slide glassdt o] & o=} a1z} Bak A
-5 AU FHlshe 7 B8 e o] S Eofof gt
f9] 7eE FAAE 53] vo|eEA2E A= 2R Ve
, AFHoR getgeiagoe] 7P A 7198 7% Eof F¢ sy
ojt}, Hlo] 2 EH 9 FAZA = A 7] 7o) BRHOE v H
of 3t7] wiolt). &, atst, &S fAe] TEE ek FAAE
2] 2 diffusion 59 B2 o]F@% Fo] FEHw fofo]”] wiielrh
spetg et 7 A 71918 4 9l 71480 59 izl DNA chip
9] DNA 2338} 7] Joire thaa) 2 Alkeo] aejslofof &t

(1) Probe capacit 7k g}, thA] HEA] B F719) spotl] B
& <Fo] capture probd 1 &} o] lofoF sensitivity'l -2 DNA
chipg A= 4 3.

(2) €A AoIZ = 9= coupling-2- ARg-3)oF gt} DNA chip
2 W ALl 2JaliA] BAE o] HEH om dniele] Figtel] 74 ARG
2 AZov}, v 243} couplingi o] Fd A AloiE =] Eehvld,
3% DNA chip?] gj4o], AR 78 Bell &Jajart obd 24 sl

& variatior?] F@E WA Hof AF] A& At el

(3) A3} Wk-go] fostal Hlg-o] FA Eofof gt

(4) 2331 capture probd, target probdl W3l hybridization 24
o] ook gv}. ) 7193} capture probeloldl] A H linkers
Mshz o] shvte] H whge] B 4 Sl

(5) 2R3} Ao A85E 7132 background fluorescende %
o}o} gt

o o 0

o3

oA s =2 probe capaci§ Z7/H2 F A W F¢] &
vz iR BHAE ST Slolnh HHde] Sdg WA B @
© DNAZ 43 A17]7] $)aiA] Akd Zlo] vl2 gel€F)9] 33p &

A8l 7)goltt. o] 71eE, 2A 713 $)e 4 micrometer sizd w|AlE
gel padi| 8- AzHel Fof Z4zte] gel pad] A= & capture probg
3174 3HAA DNA chipg Al zkahe ol 71€e] ola}eQl a3}
W2 &3] 2D Aot sk gel type] AxFAA S a3 WHE 3D
whalolg} Tt} 3D WA o= Y3l probe DNAY capacity, 71
o] 2D 2190 H]3) 1000 o) F71 = dvk el 2irH24]. 3D gel
233} 7%= DNA chipg 71dat 90E tix39) 7199 Motorola=
polyacrylamide gel[25% ©]8-g+ 7]< = DNA chipg /A8t 3l
Polyacrylamide gé&l<ll polyurethane geg<ll <] 714 /e 25 21
=2 3}, 3D XA} 7142 sekgeiAEe] Qo] HS aEE 7]
SEofo|t). 3D gel B2 AA7F i Bholw A1 TR Q)
A olsdd F et xHo] HE 847] ot

7.4 E

Hlel e V)& Ar|H ez Yxdd WEvhe Fast ddEs
&2, URE, vz 71e3 3 2K0718 o &eld ) 71e= &%
Bt} 21)7] FEAHOR B4R 9 Ale] e Ak dlA] sHd 7
S Wby B YA AHRE AEo 2= Tl ‘DNA chip’o]th. DNA
chip 7142 th+2] DNAS d¥#o sjdeia £48 4 e /M
EHAR] FHoR AARA 21, Human Genome Projedt 5%
A dgoA I [H2AE 71e] BE Folle 1 Fart Ao
soid ZoR oAE7] WiEolth

DNA chip, stst, AJ&st, Axgsh, AFE 220 283 viA

N

i

fl
e
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288 et -

fAlE 5o ofel 7B Iwe /14g FFE o TR HR
N FFsdt 1% Bopolt), o|@l ol 71 8-S FRNOR B85
= DNA chip #efo] SlojA] sjstgeie oel 71 2welA 27 7]
oI Sl AU AP 25 53] DNA 285 71 et
AE ASE M E WA BT 5 e AEel 2m7] A4 7
% W AFOR FTE o4 X7} gl DNA chip 71 2ol 5
shgshlgel B 248 /XL 71442 7198 B 4 9718 vk,

Glossary

-Genome: -4 Ko A

-Human genome project] 7} 52 B.e] A2 303714 7122
fol e Z2AE

-DNA(deoxyribonucleic acid)d, 9471, 214F712 o]F0]7 nucleotide

7t dAg ke 2 dAse AR RE 92 e BE. 9719 F

Fo mEA] AIRLA T, G, C) A2 the T2 FAdHe.

-Capture prob&l3l): G714 E-2 olv] Y3l U= DNA, = DNA

27} 2 DNA chip Al 343} A7) &2 (E3] prob&til AJ=f

Bl =)

-Target probe: DNA chiglell 227 3}% capture probe DNA:- hybridization
A7) DNAZ, 4314 RE Y432} sl DNA 4 (£3] target]=}

A 3P| = g,

-Hybridization: DNAT RNAZ} A2 d7] A Lo]

&, ASH T, 283 G9} C) ddtste A

FRAA A7

-Southern hybridization: DNAZZ}-& A7 9 %3le] Eald &
nitrocellulose filte¥] A4 £4 DNA FZ7}2 El1slE Zlolt}.
-Northern hybridization: RNAZ 7S 2719 53l 23 &

nitrocellulose filtet] &4 578 RNA x£7-& Zlst= Zlolr.
-Contents: DNA chiflll 22l capture probd target probel<]
hybridizatiorg &84 4aA} st FAA AR
-SNP(Single nucleotide polymorphisn®t® & Wellx] 717 A&
frequencyg H.o]+= single base alle® R =7} 34 19 o)/ Zatky]
=, nucleotide levellx] 9] polymorphism]t}. 222 A% 2z 7|
Artt 99.9% W Ee EYBtAL 0.1%F Aol (AHEF Alge] A= T
2 o]-f )7t Y=, o2 3k xfe]7t ulE SNPE 7FA]Al 31th. SNP=
single nucleotide polymorphisthel= At o0 A= single
nucleotide variatiod] 7}71-$- thi XE2Q] 9n|E2 AFRE Y 9]
-Bioinformatics¢§ 74 B.8h): A&7} 717 RS ZHAFEE o] & OP
o e g
-Tm(melting point):2/d3}e) oJa)4 A% ¥ DNA-DNA HE+= DNA-
RNA duplexs &%= F7FAZ 0 webs Aol siA =] single
strand2 FE|=7] A2k, ol £498k= A3 duplex] 50%t
single strangt BoR|Al == &xolth Tme] £2 4= duplex)]
Aol Zstrte Zg on|gitt
-Immoblllzatlon@%i}) A 9 $lo A= EZH(DNA, T,
& 22l S BalA A= A

-Photollthographyg_ﬂ]’z;} kg9 UF0 2, masking} =32 d&
Aom Fasle] WUEE AR 18 SRS TR T4 2L
A A7 B

-Linker: 2% ¥} 243} H= EF(DNA)E 948 = E2=
A, 25k 95 gl AV, A skE e e EH &
AL A7) Sl =YETt

-Hydrogel: 7} AgH ZEAEA, DL oFo] 4R.S E5510] gel

HEHE o|F= 4
-cDNA chip: 32~ 500 bp ] 4-9]
frame or EST)F ZA43d 3

2 2} (full-length open reading

ststa 8l M40H 3% 20024 63

g4 -

-Oligonucleotide chip%-d 15-2512] 97] 4= o]F
cleotide’} 233

o7 olignu-

-Microarray: spot size<200m(macroarray: spot size>3Qdn)
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