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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 DNA immobilization 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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1. � �

1953� Watson� Crick� ���� ��	 DNA helix 
�� 
�

� � 50��� ��, �� 2001� 2� ��	 �� �� ��� ��

�  30!"	 #$%& '( )  *+� human genome project, -

./(, 0 ��, 11 Science (Feb. 16, 2001)2 Nature (Feb. 15, 2001)

3 
�/45. 1990� 6*7 �� ��8 9
(human genome project,

HGP)  �� ��	 :8� ��8(genome)� ;< =  9
>? @

A BC	 DDEF� G�H =  �I JKC L5M N>OP�5.

QR>S	 T UV3 WX YZ L5M [\� �� ��8 9
	 .

�>, 2001� 2� @ABC& ]�^  _` �a, -./(, bc3

,def ‘g	 hJ’� @A	 i[a� ��	 j3 k_ /45. �

lm nop 
�=  @Aqr	 
T� st( u� vQ �� ��

H	 $w& �x �;=� @ABC& �yz{> �*| D �  �

�H }A& ~�� @Aqr }A	 6�, a�| ��5. Microsoft

K	 �_��a 5�� �� �B{> @Aqr 6�	 a�� ��=

�5. “Two technologies will dominate 21st century scientifically an

industrially; Biotechnology and Information Technology” �� �[z�

��� TIME�3�a, “Ring farewell to the century of physics, it’s time

to ring in the century of biotechnology.”	 �B{>(TIME, March. 22,

1999) @Aqr 6�	 a�� c�� �W�5.

��� @Aqr	 }A6�3 ,� �1 �  $��	 =�, �

> �����5. �����M ��� ���� �� �8 $� y

3 �� �I	 DNA� protein �� ��� � & �¡a> ¢z6

£ ¤� ¥� �{>, DNA� ¢z6£ ¥{¦ DNA chip, protein&

¢z6£ ¥{¦ protein chip�§ AA�5. 2000� $¨ ����	

�[ 6�� 5©!ª& C«=  �{> ¬�/� �{­, ®� ¯�

20-70%	 °� .�±& ��­ 2005�²3  B³ �[6�	 10

´ ,µ ¶,7 5�ª �a	 6�& �.| �{> ��/� �5

(Fig. 1).

· ¸3�  DNA chip	 ª�, �I, 0�� ¹º $�� »® ¼3

�;� ½¾¿ ��5. �� ÀrqrH, ¹ºz{> $�| D � 

DNA ��À $� ÁÂ3 �;�, 0 � �� Ã( Ä	| ��5.
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2. DNA chip system

DNA chip�, comma�8 $  y3 ¤� ¥� capture probe DNA2

ÅÆ=�H =  target probe DNA K�	 �Çz� È.À(hybridiza-

tion)� É;� target DNA )3 Ê� DNA	 sequence, Ë³= �,

�  target DNA	 #$´Ì� (Í_ /( � � ¼	 �� ���

Î$ y;�, �� �I	 DNA� �¡a> ¤� ¥� chip& Ï�5.

DNA  È.À ÐÑ& É;� �> #$�Ì� C�z� �F�(A &

T 0�� G & C) ]Ò=d  . � � Ó, DNA chip� ��� È

.À ÐÑ	 �Ô2 �a� É;� �� ��� Î  ��5. ���

DNA chip	 ,� Õ �Ö� $Ë3 K×=�f �� qrz� ØÙ�

Southern� Northern blot, Ú9Û� ÅÆ, 0�� DNA sequencing Ø

ÙÃ�5 ÜÝ Þ� 6�3 z� 6ß� ,�� �� ��H� ÅÆ|

D �5  ��5. =à3a D á " �C âã�  ä>å �� ��

Ã�� �� �� æS, âãç @�Ã& $Ë	 ØÙÃ> 9
�5

  �� èÔ� �� 6�� éê& ë
=$ ìí�5.

DNA chip system	 �8 ª�� Fig. 2� î�> =� �;; �$>

=H. DNA chip& �.=  ,� ï ð[  (ñ content	 ��H�

º& ��,� ]�=  ��5. ò (ñ  ó& çð=  DNA chip&

ô*=�H �5¦, 0  ó	 
ó �Ô� ,w.& çð| D �  �

� ��� õ�;Â �5. �  ö÷ø ù+3 �(� software3 ;ú

=  �{> ~�û D �5. HGP	 -.� st( ,� ü
p 9


/� �  SNP(single nucleotide polymorphism) 9
a, DNA chip

system3 �(� content� ý�H =  9
	 cþ{>a �;| D

�5. ò Ê�  ó� 9ÿ� �  SNP� �A75¦, 0 ��� � D

�_ �H�7 DNA chip& ô*=� 0 Ê�  ó& çð| D � 

��5. DNA chip3 �& content, �;�¦, 0 content	 �� ��

� ,� ��z�� �õ=_ ôq;X D �  capture probe DNAÃ

& �H�;Â �5. 56 Ï;�, �ô> DNA chipC3 ��Àû DNA

Ã& ]�=  ��5. �ì ��À/  capture probe DNA	 "D,

*_  Dá3� �_  D� Y"3 ��  �ðp �� D��, ��

��� probe DNA� ]�=$ y;� , 11 DNA	 ��, melting

point, 0�� secondary structure	 �. �Ô ¼ �d;Â | �HÃ�

¯� �$ ìí3 bioinformatics rí	 a	 
�  t,w=5.

Bioinformatics ÁÂ2	 q» 9
, �ë� ï ð[, �> capture

probe selection ð[� ��5.

DNA chip C3 �§
 capture probe DNAÃ� ]�/¦, 5� ð[

  �Ã& Ò. ¼	 ØÙ& �×=� õ�� �3, DNA chip C3 �

�À 6�  ��5. ��À Ø�� 5� �3� H�p Ä	û ��5.

Capture probe DNA, ��À7 DNA chip� ��, Ï=  �		

DNA chip� /  ��5.

�� ��� Î�H =  target probe sample& ¨~=  �� 5�

ð[�5. æ& çð=  DNA chip& �> Ã¦, æ þH> 	º/ 

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)

Fig. 2. DNA chip system.
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K�	 �� ¼{>�ø DNA� ¬�, ¶�=� chipC3 ��À7

capture probe DNA2 C�z� ]Ò& | D �a� YÃ(Â �5.

Target probe DNA2 capture probe DNA �	 C�z� ]Ò	 ���

�õ=� ��=_ ��| D �  �� $�� ¯� �ë� ë� $�

�	 =��Ó, B³ ��� & target DNA3 �� ]Ò 6� �, �

� scanner> ��=  ØÙ� ,� �� K×/� �5[1]. Fig. 2 ��

� �Á3 scanning7 ��Kç	 �,  !/( �5. ��Kç3� 1

y"	 spot� �> 5� �� �$� �#)� ��� 11	 �� �

$, 0 y"3 ;ú=  Ê� DNA	 �Ô �  
B�a3 �� �

�� ôq=  ��5.

�$3a DNA, �=� %  � � Ö& �×=�, �$Àrz�

(electrochemical) ØÙ& �×=� ��=  ØÙa B³ ü
p 9


��5[2]. ��� ØÙ	 ,� Õ �Ö�, target DNA3 &a	 ��

� & ]Ò6�  ð[, �ë 
� �> È.À ]Ò& 6' D �5

  Ö�5. Ð¦, �� ��a(detection sensitivity)2 Ê�.(specificity)

	 ®C ¼ ;];Â | ÖÃ� �� (Q �5. )*3  DNA-modified

gold nanoparticle& �×=� �ðp color image�[3] reflective image

[4]> ��=  ØÙa "
/� �5.

DNA chip3�  � ,�	 �� ��3 �;� �� spot	 ]�,

�Ò/( ��� ôq=  ²�, ��Á�� �� DNA chipC	 DNA

� � �¡a> �� D	 +� º,- �{.>, � ]�� ö÷ø	

a	 
� Á<=  �� t,w=5. � ð[  DNA chip	 ����

� )� ��=  ð[�.> Á<=  N>0/	 zÒ.� �×.3

0§� DNA chip	 �8 .w& 1�| D �5. 0§� 2�3 Ó�

ø Á< ð[3�	 bioinformatics $�� DNA chip system	 �8 .

w& 1�| D �  ¯� �ë� ¹º $��5. DNA chip system�

y3� iA� 5"	 Õ ÁÂ> ÁI| D � Ó, �Ã �� ÁÂ �

3� DNA ��À �Á3 4Ö& x� H�p ½¾�$> =H.

3. DNA chip� ��

3-1. Capture probe DNA� ��� �� ��

DNA chip� ��À /  capture probe DNA	 �I3 0§� cDNA

chip� oligonucleotide chip{> ÁIû D �5. ÉC cDNA  500 bp

(base pair) �C	 ��H��, oligonucleotide  ÉC 15-25"	 #$

(base)> �à(ç ��H�5.

cDNA chip� @�8	 mRNA>�ø J�K7 cDNA� capture probe

DNA> chipC3 ��À6£� ô*�5[5]. �$3 �� ��� ��

H =  �5{>�ø Î� mRNA� ,=� Ê� �5	 mRNA 
B

+C� �a3 �� ��� Î  ��5. ��� cDNA chip $��, $

Ë	 ØÙ� Northern blot ØÙ�  T� D�� ��H probe� »6

3 K×| D �( )*3  D© �  DY"	 ��H 
B& »63

Å¶| D �5.

�3 Ð;� oligonucleotide chip�, 15-25 base �a ��	 DNA� À

rz{> Ò.=� chip3 ��À6£ ô*�5[6]. Oligonucleotide chip

� cDNA chip� �� DNA	 
B �a6 Q7§, ��H	 Û� ��

2 �� ��H sequence3 �� ��� Î  ×a>a K×û D �5.

3-2. Capture probe �	� �� ��

DNA chip3� ����� Î  ��, capture probe DNA� chip3

��À 6�� �$3 target probe sample� DNA �  RNA� ,=

� �Ã�	(DNA-DNA or DNA-RNA) C�z� ]Ò& $·{> =�

�5. =�Y )*3  capture probe> DNA �g �2 �K� Ê.&

,�  nucleic acid analogue � & K×=� DNA chip& "
=d

  9
a ü
p ç8/� �5. ��� �  �3 ��z� �� �

> PNA (peptide nucleic acid) �5[7, 8]. PNA  peptide-like backbone

& ,�� �$ ìí3 �=� 9� v  � >�, N-(2-aminoethyl)

glycine Ð: ðy, Q2�; ]Ò{> 9]/( �� #$  methylene

carbonyl linkage3 	;� backbone3 ]Ò/( �5(Fig. 3). DNA

oligonucleotide2 �� PNAa, C�z� #$�Ì& ,�  DNA � 

RNA2 È.À ]Ò& =  Ê.& ��=¦�a Table 13�2 ��

Ê�	 �Ö& ,�� �5. ��z� �Ö{>  PNA/DNA duplex,

DNA/DNA duplex3 ~; ]Òê� s <=5  K��5. PNA  �

=� 9� v$ ìí3, PNA2 DNA strand�3  �$z� Ð
ê�


$ ìí�5. Table 2  ��� duplex�	 ]Òê	 =�	 > �#

) ¨5[9]. 100 mM NaCl �?=3� ÉC PNA/DNA duplex	 Tm�

Fig. 3. Structure of DNA, PNA & LNA.

Table 1. Comparison of DNA chip & PNA chip

DNA PNA

Binding affinity force H-bonding/charge repulsion H-bonding/no charge repulsion
Hybridization affinity - 1°C higher per base
Hybridization rate - 100-50,000 times higher
Salt concentration Highly dependent Independent
Tm for single mismatch 4-11°C 8-20°C lower
Typical length for DNA chip 25-40 bases 12-15 bases
Chemical stability Depurination with strong acid Stable
Water solubility High Low
Max. base length No limit 18 bases due to self-aggregation
Cost Low High
Process Established Difficult
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002
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s

S)
03 CÑ=  DNA/DNA duplex3 ~;� � "	 base pairú 1 oC	

Tm C@ ��� ��5. PNA/DNA duplex	 ��� <� ]Òê ìí3,

ÉC 15-25 mer ��	 DNA probe� K×=  DNA chip	 ²�3 ~

; PNA chip	 ²�  0�5 Þ� PNA probe>a »c� �a	 .

w& 
B| D �5. 0$3a PNA chip� DNA chip3 ~; single

base mismatch3 �� °� Û&ê ¼	 �Ö� �  Ð¦, Q5� PNA

ô� q�� (A� ~×� �� �5  ðÖ� �5.

� 5� nucleic acid analogue> LNA(locked nucleic acid), �5[10].

LNA, DNA2 5� Ö�, 2'-O, 4'-C methylene bridge> bicyclic mo-

nomeric unit&  !�5  ��5(Fig. 3). LNA J6 PNA2 �� C�

z� �Ì	 DNA� RNA3 �� ]Òê� <=5  �Ö& ,�� �

5. �  LNA	 bicyclic 
�	 ô�7 conformational flexibility3 $

��5� iAû D �5. ò, LNA	 bicyclic 
�, hybridization �

�3�	 conformational transition& ��6�$ ìí�5. DNA

monomer� LNA monomer> "þ| ²�, medium salt �?=3� 3-

8 oC �a	 Tm C@ ��� ��5[11]. Bp PNA� capture probe>

º{¦ PNA chip, LNA� capture probe> º{¦ LNA chip�§ AA

�5. B³ PNA chip� C)	 ²� D.3� "
=� �5.

4. DNA chip �	 
�

DNA chip& ô*=  ØÙ� Table 33�2 �� E_ 4,�> �F

D � Ó, �Ã 4,� ØÙ3 �� �Gz� a�a, Fig. 43 �#�

�5. ��z� ØÙ{>  �� Ò./H� ¨~7 DNA� �¦3 ¤

�  ØÙ(microspotting and microdropping)� �8 $  y3� Àr

z� ØÙ{> DNA� =�I Ò.=� ¤�,  ØÙ(photolithography){

> �F D �5. �Ã ØÙ& �ðp iA=¦ 5�� �5.

4-1. Pin microarray

�� Ò.=H� ̈ ~7 DNA(cDNA� oligonucleotide)� pin microarray

Ø���[12-14] inkjet Ø�{> �8 �¦3 ¤� DNA chip& ô*|

D � Ó, pin microarray Ø�� Stanford �r	 @Àr� JD�

Patrick O. Brown JD3 	; "
/( B³ �� K×/� �  ØÙ

{> pin	 K�Á3 �� ̈ ~7 DNA	 LM ×�	 c�µ& loading

� � �8$ � NO!{>? ª=  y"3 ª=  probe DNA� ´

Ì6' D �  ØÙ�5. �8$ � DNA ×��	 5Nz� NO3

	;� DNA ×�� spotting/.> contact Ø��§�a �5. � Ø�

� *»� �P=� z� +	 LMY{>a spotting� ,w=5  �Ö

� �  Ð¦, spotting/  DNA ×�	 +� NO/  �8$ 	 �¦

Ê.3 ��=_ 1�/.>, spotting +& �¡=_ ô(| D 
5 

ðÖ� �5. B³ K×/� �  pin3 	;�, ��� Ø�{> spotting

/  DNA ×�	 )Q �R  0.5-1.0 nl D¨�� �ì YÃ(�  É

C	 glass C3�	 spot size  �S� 100-200µm �a�5.

4-2. Inkjetting

Inkjet Ø�� pin Ø�� H	 �K=� pin �g3 inkjet printer3�

T�  �� �� ª�	 cartridge� K×=� �8$ �	 NO 
�

DNA� �8$  y3 U�  ØÙ�5[15]. Microspotting Ø�3 ~;

�8$ �	 5Nz� NO� 
( noncontact Ø��§�a �5. U

�  ØÙ3 0§� thermal, solenoid, 0�� piezoelectric	 3,� ØÙ�

�5. � Ø��, DNA ×�� �8 $  �¦3 V� v� W�(piezoelectric)

¼	 BC& �×=� Ud X$ ìí3 dropping +& �µz{> ô

(| D �5  �Ö� �5. �� W� BC& �×� Ø�	 ²�, B

³ D pl	 Y�µZ� dropping | D �a� "
/( pin Ø�3 ~

;� �¡a	 DNA chip& ô*| D �5. =�Y Q5 Z�  ��

�I	 ��H� ,ç DNA chip& ô*=$ y;� �ë� cartridge

[	 �� �  Jþ� �� $�z� íô, (Q �5.

4-3. Photolithography

Photolithography Ø��, �8$  y3� Àrz� ØÙ{> DNA

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

Duplex Tm

15-mer PNA/RNA 72oC
15-mer PNA/DNA 69oC
15-mer DNA/RNA 50oC
15-mer DNA/DNA 54oC

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

Table 3. Manufacturing techniques of DNA chip

Technique Feature Chip DNA chip Manufacturer

Pin microarray Pin microspotting(contact type) cDNA, oligonucleotide Hyseq, Incyte, Molecular Dynamic
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(CM

Fig. 4. Manufacturing techniques of DNA chip.
���� �40� �3� 2002� 6�
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� =�I Ò.; �,  ØÙ{>, DNA Ò.� �8$� y3�	 �

�À� »63 D8=  Ø��5[6]. B³ DNA chip ÁÂ3 �(� �

x XH§ | D �  �C	 Affymetrix§  «K, "
� $�>�

photolithography3 	� DNA chip Ò.��� \3 ��� � � �

�8> protection/( �  linker� $� y3 ¤�  �{> 6*�5.

(a) � $� y3, Ê� ]^	 DNA� Ò.| D �a� i[7 2_

E� ` 5.

(b) é�& �5. Ê� a�	 \& b� c{>?, 2_E	 Ìd q

�{> \� Ã(, Ê� �Á y	 ��� &(photolabile group) ô

H=� DNA � � ÐÑ| D �a� deprotection�5.

(c) DNA monomer 4,� �I �(A, C, G, T), ª=  � �I� Ð

Ñ6�5. �ì DNA monomer J6 � � K� ��� > protection

/( �( � step3 � "	 monomerY� ÐÑ| D �5.

(d) � ÐÑ � & e( f5.

(e) 5�_ i[7  g 2_E� �×=�, y	 a-d step& Ð:=�

ª=  ��	 DNA� ª=  ]^{> Ò.�5.

Affymatrix  y	 $�& K×=� B³ 1.28 cm2 [3 400,000"	

oligonucleotide� ,ç �¡a	 �& ô*| D �5.

4-4. Electronic addressing

�C h�3�3 y"� Nanogen�§ (http://www.nanogen.com) «

K3�  Ða8 ô*q�	 �� �1 $�� ,q$�& �×=�

microchip& ô*=� �$3 electronic addressing $Ù& �×=�

DNA chip& "
=�5. Electronic addressing�M �=� i probeÃ

	 �$z Ê.& �×=� Ê�� y"3 ¥  �& Ï�5. DNA 

<� ��=� %$ ìí3 �$z{> +�=� %  y"3 jd �

»�5 [16, 17]. �� �×=� chipC3 capture probe� @.=  �

�� 5�� �5. Microchip y	 � 6ky"� � Ì& �$z{>

+�=� %a� ü.À6�� DNA probe solution& k 5. 0�¦

��=� %  probeÃ� l�_ +�=� %  m{> �»=� Àr

z{> ]Ò=� 0 y"3 no/.> microarray	 ª=  y"3 ª

=  DNA probe� y"6' D �5. ��� $�� DNA chipC3

target probe� ,=� hybridization ÐÑ& 6' ìa �ë=_ �×75.

DNA  phosphate group& ,�� �$ ìí3 negative charge� %

_ /.> capture probe2 target probe, hybridization& | ì �Ã �

$z Ð
ê� Ø;> *×�5. $Ë Ø�	 ²�3  �� [�À 6

�$ y; salt� �� p,�5. 0�� nanogen chip3�  positive

potential& �×=� Ê� capture probe> target probeÃ� ¢�û D

�a� | D �5. 0§�, 0m3 sample� no/� C�z{>

hybridization& Oç6£ $Ë	 D»z hybridization ��� D6�{

> �ë� �3 ~; DÁ )3 l�_ ç86' D �5. �� 6ß�

6ky"3 no 6' D �$ ìí3 q� na>a ÅK, ,w=­

�> �; $Ë	 ØÙ3 ~; 6ß �r�3 ;  6�� ~×& Xc

D �  �Ö& ,�� �5.

B³ ,� �� K×/� �  x,� $Ù� pin& �×� microspotting

Ø�� photolithography Ø�	 Ês& Table 43 ��=�5. Table 4

3� � D �m�, AffymatrixK3� K×=� �  photolithography

Ø�� �¡a	 chip& ô*| D �5  Õ �Ö� �5. �� »c

� �?=3� probe DNA� =�I Àrz{> Ò.=¦� chip& Y

Ã( ,$ ìí3 chip to chip variation� z5  �Ö� �5. =�Y

q�� :�=� ~×� C�z{> �� �ë/­, chip� ô*7 �,

ª=  #$�Ì	 probe DNA, ô�> Ò./4 �	 ��� ÅK

| ØÙ� Q5� 
5  ðÖ� �5. �� photolithography Ø�{>

#$� ¤��
 ì, q�C Ò.| D �  #$	 ��, ô�/$ ì

í3 photolithography Ø�{>  oligonucleotide chip Y& ô*| D

�5. �� Ã(, ¯ ð[	 Dt� 98%§ ;a 50 base ��	 probe

DNA� Ò.� �	 )� Dt� 36%3 t�=5.

Microspotting	 ²� q�� ðu=� z� ~×� Ã� high throughput

ô*� ,w� Ð¦, ¢za, C�z{> q� chip to chip �  spot

to spot variation� E5  ðÖ� �5. Microspotting�� Inkjet& �

×� microdropping	 $Ù& �×=�, spot size, nano scale �a�

�¢z	 chip& ô*=$ y;� , v ,� $�z� íôÃ� ;]

/(Â �5. wQ spot size, nm scale� /a� LM& spotting| D

�  ��� pin& ô*=H� picoliter3� femtoliter(pl-fl) D¨	 ×

�& ÁX| D �  ��� éx� ô*/(Â =�, �� �Ã� ³

B. �_ *»û D �(Â �5. 0�� �l_ z� +	 LM� �¦

3 spotting/H� ÁX /4& ì �8 $� �¦	 ÐÑ$2 ��À Ð

Ñ� ç8/  »[ ×¯	 ¶
& Ø�| D �(Â �5. ��

microarrayer3� K×/  robot arm	 q��¡a, ¯� °Q� D�

�  Dá nm �o& �õ=_ ��=¦� spotting | D �(Â �5.

5. DNA �
�(Immobilization)

y3� yn� ��z� DNA chip ô* ØÙ 4,� �3� microspotting

� microdropping ØÙ	 ²�, DNA ×�� �8 $� y3 z(ç �

DNA, $� y3 ��À /  ð[� H{5. DNA	 ��À $��,

�8 DNA chip $�& �.=  =�	 �ë� ¹º $��5. (ñ

��À $�& z×= ,3 0§� »c ¦z	 spot3�	 capture

probe	 ×µ� hybridization �t� ]�/$ ìí�5.

DNA chip	 $�{>  �� |3a ����� membrane ¼a K

×75. �Cz� �8$��, c=z{> capture probe DNA, ��z{

> ��Àû D �(Â /­ target DNA	 hybridization �t� }QÂ

�5. DNA chip	 $�{> ��, ,� �� K×/� �  �� 

5�� �� �ÖÃ& ,�� �$ ìí�5[18].

(1) DNA, ���¦3� q�]Ò ÐÑ& | D �a�, �� �¦

& Àrz{> Û�6�  silane chemistry, > �~/( �5.

(2) ��  W�=$ ìí3 ���� °� <a	 �� ×�3 	�

��3a W� D �5.

(3) Background fluorescence, q5. B³ ,� �� T�  ��3

Table 4. Comparison of microspotting and photolithography

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 probes/cm2) Low density (10,000 probes/cm2)

Chip to chip variation Low High
Cost High Low

Process Complex Simple
System throughput Low (8~12 arrays/day) High
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002
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	� �� ØÙ& K×| ²�, ��� Ê.� $�{>� �¬(Â |

�D ë��5.

(4) Porous membrane� ~J| ì, �� �{>  ×�� _­Ã D


$ ìí3 target probe, internal diffusion 
� capture probe3 �

> N*| D �( hybridization �a, l�5.

(5) ,o� �5.

DNA� �� y3 ��À 6�  $�� E_ q�]Ò3 	� ØÙ

� ~q�]Ò3 	� ØÙ{> �F D �5. ~q�]Ò3 	� Ø

Ù{>  hydrophobic interaction[19] �� poly-L-lysine coating[12]

3 	� ØÙ ¼� �5. 0�� ~q�]Ò{> ��À7 DNA  �

��� �na	 salt �? =3�  $� �¦{>�ø z(- ��

,w.� �$ ìí3 q�]Ò3 	� ��À, �S/  ¬��5.

cÐz{> �� K×/  ØÙ�	 =�,, UV� �K!{>? ��

�¦ y	 +�=� �  Q�$2 DNA )�3 Ë³=  Tymidine

residue�	 q�]Ò& �.=� DNA� �� �¦3 ,J ]Ò6�

  ØÙ�5[20]. 0�� �� ØÙ& K×| ²� DNA )	 q�]

Ò	 y"2 D� ��=H� � D 
$ ìí3 )� target probe2

	 hybridization �t� �k�?3 0§� Û| ,w.� E5  í

ôÖ� �5. ��� íôÖ� DNA Ïð	 ÐÑ$2 ���¦& q

�]Ò{> ��À 6�  ØÙ{> ;]| D �5. � ²�3  �

� �¦� DNA Ïð� Q�2 �� �> ÐÑ| D �  ÐÑ$� �

�=� �(Â �5.

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 Ïð3(�É 5' y") amine$� ¤�  Ò. q�� > �~/

( �( aminated DNA  C) ��Á	 DNA ô� «K3�a j�

_ Xíô*| D �5. 0§� aminated DNA� �×� ��À ØÙ

�3� ��z� ØÙ� CHO glass[21]2 NCS glass[22]3 q�]Ò

6�  ��À ØÙ3 �;� �s H�p iA=�H �5.

5-1. Immobilization of aminated DNA on CHO glass

CHO glass  amine glass2 !E ,� �� C+À7 glass�.>

aminated DNA� CHO glassy3 �> spotting=� ÐÑ& 6�5.

DNA Ïð	 aliphatic amine� nucleophile> *×=�, �� �¦ CHO

$	 ÐÑ. �  ��� qo=� q�]Ò� �.7 � �D ÐÑ&

H� schiff base� �.�5. �l_ DNA, ]Ò7 CHO glass3

NaBH4� ,=� þªÐÑ& 6�5(Fig. 5). �ì NaBH4  �� �¦ y

	 �ÐÑ7 CHO$� ÐÑ.� 
  c= ��> þª=� background

fluorescence� ��6�  J|& �5. ��, schiff base� �5 [�

7 ]Ò{> þª6�  *×a �5. �ì DNA )3 Ë³=  A, C,

G #$	 aromatic amine� �� y	 CHO2 ÐÑ=  �ÐÑ�(side

reaction) c(� D �5. ��� �ÐÑ�, ��, Þ� oligonucleotide

	 ²� -0.01% �a�� double stranded PCR product	 ²�  -10%

�a> 
@�5.

5-2. Immobilization of aminated DNA on NCS glass

Isothiocyanate activated glass(NCS glass)  C+z{> �� �É/

� v$ ìí3 wQ �� $� y3 NCS$� ¤� X(Â �5(Fig. 6).

NCS glass, ô*/¦, � �� y3 aminated DNA ×�& spotting=

� ��À ÐÑ& ç86�5. NCS glass �¦	 NCS ÐÑ$2 DNA

Ïð	 Q�$2	 ÐÑ3� �.7 isothiourea bond(-NH-C(S)-NH-)

  ¯� [�� ]Ò�$ ìí3 &a	 � r�, �ë 
5. �� �

� �¦3 �ÐÑ7 NCS$3 �� &a	 blocking q�� 
�a

background fluorescence, ¯� z5. =�Y y3� yn� �2 ��

NCS glass	 ²� �� C+À /( �� vQ ��3 �� NCS� ]

Ò6�  q�� �ë=5.

y3� iA� CHO2 NCS glass ��À ØÙ{>, Type II ú�ó

�3� 25� �=	 �� ��3� ú�ó& �
= Ó 9ÿ� � 

MODY(maturity onset diabetes of the young)[23] ��H �3� ��

Û� site 6�Á&  !=  ú�ó çð DNA chip& ô*=�5. 11

ô*7 DNA chip y3, �C{> �ð/  K�	 ��{>�ø Á�,

¶�6� DNA� ÐÑ6�� �� �� scanning ØÙ{> Á<� ]�

, Fig. 7�5. 6,�	 �> 5� MODY ��H 113 �;�, mutation

site3 ;ú=  �Á� 4,� #$(A, G, C, T)> /( �  4�I	

Fig. 5. DNA immobilization on aldehyde-activated glass.

Fig. 6. DNA immobilization on isothiocyanate-activated glass.
���� �40� �3� 2002� 6�
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DNA� � 83 ��À 6�{­ �� ��H� �K1� �+{> 4

� Ð:;� spotting& =�5. MODY ��H, �  6"	 8 Q�

� 7��2 8�� 83  MODY ��H2 ÿ�� 
  control ��H

� �� Ø�{> ��À6�5. DNA chip Cð�  ��H	 ��,

15 mer� �&, =ð�3  ��, 25 mer� �& ��À6�5. 0§

� Fig. 73� »c� 8	 4"	 DNA spot group , : 15 mer ��

25 mer	 DNA �3� � ,åÓ � "	 #$Y� �> �d ��H

� ��5. MODY ��H3 Û�, 
� �Cc ²� 6"	 83 �

;� u��> 11 4��-3��-2��-2��-3��-2��	 DNA spot

	 ���$, �� 8	 5� 3"	 ��H ���$�5 s <;Â

�5. ���$, <| D� â� Æ �� ��Æ� =�Æ& %_ 7

5. �� ���� �µ� ]�(data not shown) 6"	 ��H �3� 5

" �� 6" �� ��H3 �;�  �C{> ��=  ]�, ��

5. 0�� 0�3�2 �� MODY ��H2 ÿ�� 
  control ��

H, ��À7 7� 8�� 83� hybridization� H	 c(�� v�5.

Capture probe	 ��  probe design& | ì �d/(Â | �ë� ë

��	 =��5. Fig. 73� 25 mer DNA� K×| ²� ���$  5

� ¶,=� perfect match2 mismatch�	 Û&ê� X(�5. �  15

"	 base�3 =�	 base, �� v  �� 25" �3� � ", �d

�& ��=  ��5  
Á� >/  Ä�2 �� �k ]��5.

�8z{> CHO glass2 NCS glass ��À ØÙ& ~J| ì, background

fluorescence  NCS, �D=5. 0�� probe capacity2 hybridization

efficiency� Ðh=  ���$  H	 ~�� D¨{> �ð75. =�

Y � ]�  Ê� probe DNA set3 �;� Î(ç ]��.> Hg	

system3 zÒ� ��À ØÙ& �ð=$ y� �k� �87 �3 �

�À ØÙ& ��;Â | ��5.

6. DNA chip �� �� ��� ������ ��

®� DNA chip$� "
 »®�, E_ 5�	 �,� ¹º ë��

®C6�  Ø®{> �"û ��5.

1. �õ. (accuracy): DNA chip ô�	 �×.& ]�=  ¹º ë

�>�, ��H 
B	 �Ô3 �� �µz Á<� ðc #$�Ì =�

a �õp 
Á; � D �  Û&ê �  $�	 "
� �8/(Â

�5. �  nucleic acid analogue� �×=  ØÙ�� DNA È.À Ð

Ñ& �õp ��=  ä>å �� $�	 "
 ¼& É;� �à( 

��5. 2. �a (sensitivity): z� +	 DNA ÐÑ& É;�a ]��

�Áp ��| D �_ Y;  $�>� �a	 ®C& É;� DNA

chip	 ²ô.& E_ ®C6' D �5. �  X> ä>å ��À ØÙ

� LM ¨~ ØÙ	 "
 ¼& É;� �à(  D �5. 3. ³9.

(reproducibility): ³9.� �õ.3a h®& E_ �"  ë��5. B

³ 6�/� �  DNA chip× pin� slide glass¼� ô�	  c. ¼

3 íô, �5. DNA chip	 ³9.& ®C6�$ y;�  ¹º ªß

� � pin� slide glass	 .w� E_ ®C/(Â �5. Plasma �ÒÙ

& �×�  c� �¦	 slide glass "
 ¼� � �§ =¡5. �� L

M&  c=_ ¨~=  $�"
� q�ÿ� ØÙ� õ~/(Â �5.

y	 $�Ã �3�a Êp ���� & ��À6�  ��À $�

�, �Éz{> ÀrqrHÃ� ,� E_ $�� $� ÁÂ �	 =�

�5. ���� 	 ��À3  �� ,� $�� :Òz{> �d /

Â =$ ìí�5. ò, Àr, @�r, �8	 ¢S& 9
=  �8Jr,

0�� diffusion ¼	 �  �»BC ¼� ÿ�/  ÁÂ�$ ìí�5.

ÀrqrH, ,� E_ $�| D �  $�ÁÂ �	 =�� DNA chip

	 DNA ��À $�3 �(�  5�� �� K£Ã� �d/(Â �5.

(1) Probe capacity, LÂ �5. 56 Ï;� »c E$	 spot3 �

� +	 capture probe, ��À/( �(Â sensitivity, °� DNA

chip& ô*| D �5.

(2) c�=_ ô(û D �  coupling ØÙ& K×;Â �5. DNA chip

� �µ @ù3 	;� @ù/( )�z{> cÐ�	 çð3 Z� K×

û ô��5. Yc ��À coupling ØÙ�  c=_ ô(/� ¤�5¦,

)� DNA chip	 ;<�, K×H	 ����3 	;�, Q¥ ��À3

0� variation	 h®& �_ /( ô�	 .w& Q=6' ��5.

(3) ��À ÐÑ� ×�=� ~×� z_ Ã(Â �5.

(4) ��À7 capture probe	, target probe3 �� hybridization ü.

� °QÂ �5. �8 $�� capture probe K�3 )zÀ7 linker�

"
=  �� =�	 N* ØÙ� û D �5.

(5) ��À �¦{> K×/  $�	 background fluorescence, *

QÂ �5.

y3� ï�� £¦� probe capacity� ¶,6' D �  ØÙ �	 =

�  ÐÑ �¦z& ¶,6�  ��5. §¦C	 »c� ¦z3 �5 �

� DNA� ��À 6�$ y;� "
7 �� �> gel #¨	 3=ª �

�À $��5. � $��, �8 $� y3 D� micrometer size	 ���

gel pad ]^& ô*� �3 11	 gel pad3 �> 5� capture probe�

��À6£ DNA chip& ô*=  Ø��5. $Ë	 �=ªz� ��À

Ø�& Bp 2D Ø��§ =� gel type	 D=ªz� ��À ØÙ& 3D

Ø��§ Ï�5. 3D Ø�{> ��À7 probe DNA	 capacity , $Ë

	 2D Ø�3 ~; 100́  �C ¶,| D �5� �d- �5[24]. 3D gel

��À $�> DNA chip& "
=� �  ��z� $+� Motorola 

polyacrylamide gel[25]& �×� $�> DNA chip& "
=� �5.

Polyacrylamide gel|3 polyurethane gel ¼3 	� $� "
a ü
p ç

8/� �5. 3D ��À $�� ÀrqrHÃ	 J|� s© ë
/  $

�ÁÂ�5. 3D gel �  H8, �ÁH � �­ D=ªz 
�> �;

� �»BC ¼ Àqrz ��� s© ë
/$ ìí�5.

7. � �

��� $�� �$z{> ��ª3 «¬,  an��, �C/ 

$�>, ��ª, �é $�� !E 21�$� �j(
 3� $�> j­

®5. 21�$ Xaù+{> �1/� �  ��� ù+3� ,� 1�

& �� �¯y=_ K×û C�{>  ð9 ‘DNA chip’�5. DNA

chip $�� 5D	 DNA� c°z{> ;<=� Á<| D �  ,�

��z� Dð{> �,�� �(, Human Genome Project, -ß7

B C±3� ®� ��H	 $w� âãç �3  0 Dë, �
z{

> ²(� �{> �C/$ ìí�5.

DNA chip�, Àr, @�r, �Hqr, ö÷ø N>0�³ 0�� ��

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

.,

. J.:

d

M.,

.:

d,

ld-

ti,

y,

Hev-

tte,

vis,

ud-
�8Jr ¼	 �� ,� �a	 $�& �Òz{> 
K!{>? ~>

� ,w� $� ÁÂ�5. �l_ �� ,� rí& �Òz{> ü×=

  DNA chip ÁÂ3 �(� ÀrqrH  �� ,� �¦3� E_ $

�| D �  <Ö& ,�� �5. Êp DNA ��À $�� Àrqr

HÃ	 ³w& ,� � ´_ 
µ| D �  $��5. 21�$ ,� 1

� �  ô�{> ¶
a 	º| ��, 
  DNA chip $� ÁÂ3 À

rqrHÃ� �� ÿº& ,�� $�z� $�� | D �$� �M5.

Glossary

-Genome: ����	 :8

-Human genome project: �� ����	 :8� 30!"	 #$%&

'( )  N>OP

-DNA(deoxyribonucleic acid): ú, #$, �ù$> �à(ç nucleotide

, c�� Ø®{> 9]/( ����� �� �  � . #$	 �

I3 0§� 4,�	(A, T, G, C) �> 5� ðy> �.75.

-Capture probe(·¸): #$�Ì& �� �� �  DNA, �  DNA

�1{> DNA chip C3 ��À 6�  � (Bp probe§� @G

;� Ï�5).

-Target probe: DNA chip y3 ��À7 capture probe DNA2 hybridization

6�  DNA>, ����� ��H =  DNA � (Bp target�§

� =$a �5).

-Hybridization: DNA� RNA, �> #$ �Ì� C�z� �F�

(ò, A2 T, 0�� G2 C) ]Ò=  �

-Southern hybridization: DNA �1& �$h»=� Á�� �

nitrocellulose filter3 ¹,� Ê� DNA �1& õ�=  ��5.

-Northern hybridization: RNA �1& �$h»=� Á�� �

nitrocellulose filter3 ¹,� Ê� RNA �1& õ�=  ��5.

-Contents: DNA chipy3 ��À7 capture probe2 target probe2	

hybridization& É;� ��H =  ��H ��

-SNP(Single nucleotide polymorphism): (ñ ¢ð )3� ,� z�

frequency� ��  single base allele	 ºa, )� 1% �C ÿ»/

 , nucleotide level3�	 polymorphism�5. ��8	 ²� 1 "

�25 99.9% �a  »c=� 0.1%, =�(K�� K�� �> 5

� ��), � Ó, ��� =�, �> SNP� ,�_ �5. SNP 

single nucleotide polymorphism�§  ¼¡� 	��5  single

nucleotide variation3 ,Zå 5�  °z� 	�> K×/� �5.

-Bioinformatics(@���r): @�8, ,ç ��� ö÷ø� �×=

� 5à  rí

-Tm(melting point): È.À3 	;� ]Ò7 DNA-DNA �  DNA-

RNA duplex  �a� ¶,6½3 0§� ]Ò� ;8/( single

strand> Á�/$ 6*�5. �ì È.À> ]Ò7 duplex	 50%,

single strand> z(�_ /  �a�5. Tm� °& D� duplex	

]Ò� <=5  �& 	��5.

-Immobilization(��À): �8 �¦ y3 @�rz � (DNA, ðá ,

� ) ¼& ��, Àrz� ]Ò& É;� ��6�  �

-Photolithography: �8C ÐÑ	 c�{>, masking� é�& 9�

z{> D8=� �¡a> �> 5� ÀÒ�& Ò.!� »63 �

�À 6�  ØÙ

-Linker: �8 �¦� ��À /  � (DNA)& 9]; X  � >

�, ��À ÐÑ& ×�=_ =H�, ��À/  @�rz � 	 ü

.& ®C6�$ y;� a¨75.

-Hydrogel: ,J ]Ò7 �ÁH>�, �� +	 DÁ& ¾D=� gel

��� �à  � 

-cDNA chip: )� 500 bp �C	 ��H(full-length open reading

frame or EST), ��À7 �

-Oligonucleotide chip: ÉC 15-25"	 #$ �Ì> �à(ç olignu-

cleotide, ��À7 �

-Microarray: spot size<200µm(macroarray: spot size>300µm)
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