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SUMMARY

Biochip technology is a newly introduced field which can be described as a
information and signal processing and/or measuring system utilizing biological
principles with modern engineering techniques such as electronics, photonics,
micromachining, etc. Classical electrode-based biosensors measuring physical factors,
chemical/biological substances are being improved by the application of
microfabrication processes, and the advent of DNA chip technology allowed us to
investigate genetic informations related to human diseases and differential gene
expression pattern on a genome-wide scale. Since industrial and medical demands for
biochips have increased dramatically nowadays, we should make advances in
developing the biochip technology by the cooperation of basic research and
engineering field. Major goals of this study can be itemized as follows;

1. Development of DNA microarray chip manufacturing and reading system.
Development of thick-film type electrochemical biosensor measuring multiple
substances in biological fluids.

3. Characterization of the electrochemical properties of self-assembly biomolecules.

Development of electroactive biomolecules for biological switching devices (diodes).

5. Investigation of microfluidic components and the associated microtransport
phenomena.

>

6. Research on multiple sensor signal processing.

7. Fabrication of microstructure and microelectrode array for -electrochemical
multi-biosensor. :

8. Development of experimental procedures for global gene expression monitoring and
DNA microarrayer system.

1. A microarray spotting machine equipped with four spring-loaded quill-type printing
pins and precision three-axis motion robot was developed. This system can
automatically prints arrays of biological samples loaded from a multi-well plate on
~120 microscopic slides at a density of more than 2500 spots/cr’. Selection of genes
for diagnostic' use and optimization of DNA immobilization chemistry is currently
under progress. A laser-scanning system to read the chip data was also developed.
An air-cooled argon ion laser was used for excitation of fluorescein as a major
labeling dye, and a stepping motor-driven stag.e scanning system was adopted. This
instrument scans 18 x 18 mm area within 5 minutes at a high resolution of' 18 m
resolution To obtain fluorescence signal simultaneously from two fluorescent dyes
for multiplex analysis, secondary laser source and improved optical filter system
will be included. :
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2. A screen-printed biosensor based on amperometric determination of lactate
dehydrogenase(LDH) level in biological fluid has been investigated. The printing ink
used for the fabrication of screen-printed carbon electrode where enzyme-catalyzed
reaction takes place is composed of lactate and NAD®, as substrate and cofactor,
and graphite particle as conducting material. The printing-step is followed by
modification with 3,4-dihydroxybenzaldehyde as an electron transferring mediator for
enzymatically generated NADH by potential cycling. Voltammetric studies were
carried out on both the electropolymerization of 3,4-dihydroxybenzaldehyde and the
electrochemical oxidation of NADH. The results indicate that electrode fouling due
to direct electrochemical oxidation of NADH can be bypassed through this approach.
The detection limit of LDH level is 50 U/L, and the calibration curve is linear up to
600 U/L.

3. Electron t_ransfef (ET) reactions in two functionalized alkanethiol/Au systems with
biomolecules are studied with cyclic voltammetry (CV). In the first case,
cytochrome ¢ (cyto.c) and pyrroloquinolinequinone (PQQ) are attached to
L-cysteine/Au covalently and electrostatically, respectively. CV shows that there are
two parallel ET pathways from electrode to cyto. ¢ and to PQQ. In the other case,
cyto. ¢ is covalently bound to mercaptopropionic acid (MPA). In the presence of
Fe(CN)s> on the solution side, it was shown that surface-bound cyto. ¢ mediates
ET from electrode to Fe(CN)s*, while ET in reverse direction does not occur. This
one-directional ET reaction is attributed to lower formal potential EY of cyto. ¢ than
that of Fe(CN)e’*. Finally, scanning tunneling microscopy (STM) morphology
study of MPA/Au(111) and cyto. ¢/MPA/Au(111) shows that the surface is
composed of a large number of pits of size ~ca. 10 nm, as expected for general
alkanethiol/Au system.

4. For biochip technology it is very important to develop biomolecules which can be
used individually as electroactive species. The attachment of biomolecules onto a
solid support is essential for the development of various advanced biosensors,
bibreactors, and biological switching devices (diodes). In this study, electron
transferring proteins with their specific redox potentials in vivo were immobilized on
the metal surface modified by self-assembled monolayers (SAMs). For these protein
layers, some electron transferring proteins were overexpressed in E. coli and thiols
having varied functional groups were synthesized as promoters for SAMs. Using
these electron transferring proteins and promoters, their electrochemical behaviors
were investigated on the SAM gold electrode. The electrochemical properties of the

electron transferring proteins on the SAM gold electrode can be used to develop
biological diodes.

5. A set of microfluidic components and the associated microtransport phenomena
have been investigated for applications to micro bio-object analysis chips.

Fundamental microfluidic components, including micro-channels, micro-diffuser
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valves and micro-pumps, have been designed, fabricated and tested for micro
bio-object transport. @A set of microactuators, based on :the thermopneumatic,
electromagnetic and piezoelectric principles, has been analyzed and tested as
microflow generators. In addition, microfluidic behaviors and micromaterial
properties have been measured and used for the micro-component design as well as
for understanding physical phenomena in the micro regime. The microcomponents
and the associated experimental data and results obtained in the present research
can be applied to the development of a wide spectrum of micro biomedical devices
and equipments, such as micro-dosers, micro-dispensers, micro total analysis
systems, and micro DNA amplification and analysis systems.

6. The purpose of this sub-project is to research of the multi-sensor signal
processing. The material in blood is sensed by bio-sensors. And the outputs of the
sensors are transformed into electrical signals. A classifier should make a diagnosis
of the signals. We should design the classifier using silicon ASIC technology.
We developed the pattern classifier using analog neural network chips. And we test
the system with XOR-problem and Wine-problem in the bench mark data.

7. We have fabricated microstructure and micro electrode array for electrochemical
multi-biosensor. Microelectrode arrays have been fabricated for the measurement of
protein and glucose in blood using semiconductor technologies that liftoff process,
metal thermal evaporation, photolithography, and PECVD. We have investigated the
method of immobilization of enzyme. The electroconductive polypyrrole film was
prepared by the electropolymerization of the corresponding pyrrole monomer and
was used as substrate for the immobilization of enzyme. We have fabricated
microstructures using Multi-Exposure and Single Development (MESD) and
electroplating technology. By varying expoure time, control exposure depth, and
using multiple photomasks with different exposure times and single final
development, can make a multi-depth 3-D photoresist image. After the mold
patterning, metal electroplating is performed on it until metallic microstructures are
obtained. This method has merits in that it is very simple, it needs only
conventional photomasks and a common UV system.

8. As many genome projects have proceeded, the complete sequences of nearly a
dozen microbial genomes are known and also complete genome sequences of
metazoans including human genome are expected to be known in the near future.
Current biology focuses on how these huge sequence information can be used. That
1s, main trend in biological research turns from structural DNA analysis to cellular
effects and functional consequences of the DNA sequences. Recently developed DNA
chip has emerged as a prime candidate for the performance of such analyses in
molecular biology. Combined with mechanics, computer, bioinformatics and advanced
technologies, DNA chip technology has robustness, accuracy, automation, and many
applications. For making DNA chip for gene expression monitoring, we developed
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microarrayer applying automatic system. The robot is designed to automatically
collect samples from 96- or 384-well microtitre plates with up to 16 pens
simultaneously and deposit them on modified slide glass. This is followed by a
wash/dry operation and the cycle is repeated with a new set of samples. This
system can deposit cDNA with interval of 200 #m and size of 75~150 #m, and
high density DNA chip of 4,900 ea/3.24cm’ (cover glass size) can be made. The
system is controlled by a Visual C++ program running in a pentium computer. We
selected E. coli W3110 as a target strain, and 70 kinds of genes, which are related
to glycolysis, TCA cycle and heat shock response, were synthesized by PCR
method. Primer program was made for determining primer sequence. In this study,
expression procedure for gene expression monitoring by using DNA chip were
established and we monitored expression of genes under heat shock condition.
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AAET 23 7)%5e] Holutel, FAAAA FFL 2Y F A AME WAL
g+ oz gAA ANE & AL Rolg '?_Ezil AE o8 Axel 7Y

>
o2 AP 71A 9 A=t 5 voleANE AF} & + Urh
Gene expression profile &7 84

Human genome project® X %3 22 AMEAE2 genome project’t F3FE
Ao} o]ZRY FHES FARFEI Xolx Yo m rt. oo wel JojXE AHAME
o 8% FRE o]f3E ANPRoF: AHA ol WP HEE AA sz o}
7h A Ao 2RH MWL £t M AEF P2 AAHAAT
DNA chip® Z%& A9AZ 712 s Soish %o $AHRE W Ao B
o2 B4 AHIY F JA s ZHF Avlsolth. DNA chipe A7 &7 £
PE FHAESY A3 AFAPE FHESE AEH Froez HIo MLd FIAAHE
g B4 e 499 99 F R FE A HHolt} o] DNA chipel &
S Al B 49 HEE UEYE 5 9l A& 37 Lolstrl WZolth @AY
DNA chip 7l€g ‘AEAH & = ZEF-AZFH-A3EuE-HZE-Data
visualization # 314} & 59AIZ FAHAX T AA T QAo B I F
3 wWE Al 4], Hert sbsd el ' '

DNA chipe] ¥ut8x €& 7 Malel fAzLe] o] B4 S o] &3 7|7Hl e
A E, FEDTAH TY AFAGDA & AFS FAHY 4°1—T’-, ARG, BE
WEEY A M, ZAFvdEY TA, HE T8 FF TE FoA A2E ¥
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E7e W47 AaAth DNA chip I7E22 F2 A% ALe F= d
WY A ArbelA o AHSHD Ytk Z ATolMS FHA TRYHE 24
%

2 EE MAY ¥ At 3AEe] o 7led FLA4E A48 DNA chip ##
3l Abo] =gt AFHlE Tt vk B3 5 AEX 5o AR AR ois|
AMe dd E3 & 53t th o]ES o887 HME 17t AEEE A ES
of ¥ E&clth o]& DNA chipd 712 glols AEFTE U o5 FokdlA 9 AlA
ZAEE 7IdE & S ovisg. 22y, DNA chipe] ddiy ez I Z+3
W7] A& Ve S 13 o], DNA chip 71€€ S&A¥oz2 NEdAS FS A
E #Ade 713 2HE HAE F US AR HA

HZ BAHCE o AFE F de T AES doE XA AY
ARZANTG YEFT ok T FAFLLEZA JAZAY FEI A|F3] 875
Jatojtt. ool MEFTHLE I AV HAA R HAH sHFo] w¢
83 €& 34 € Heoly, o]F HY a8&FHoE 75 A 3= Ho] DNA chip
A7) goltt. Fol A= DNA chipel /Ndd 2 F8740°] i) oyt A A
o dFv x7|dAels dF AHFo] HGg AAolr.

HA7LA 9] DNA chip AT E 2714z & 5 o, v33 {Fyoledy
T 7t A= DNA chipZd d7F7F A9 o|F XA ¢ gt wats DNA chip €
T 7|2dFEA F3"d DNA chip® #|2# gene expression monitoringS ¢ %
AEHY AP ¥y AR P AFE oloF AHS, B Fokd i rle AHY
9 E 2RIt DNA chip ZFEAZAA ol$ FE g HAE AAFE & Y& Ao
o}

ool e

A3 A AdFAEY JHE R HHY

1. DNA chip Al=99 /E (ARSI TN F

<)

Ho

b AR 299d 248 A2 A
- A vlo]l MAE& HF3 mediator A H
- fAFe AT Hro o3 FASFLe [y HSH #Y
t}. DNA microarray chip A &tol &3 71 4+
- DNA ¥, ¥3 d&E ¢ 2149 %R &3 7]
-G g KA AF L AA
. DNA microarrayer® A2z}
- AFHZ AoldE 3% JW 2RHY vlo]AE AXY WL o] &
- Y 23" =4 g4
2}. DNA microarray scanner? Azt
- @ FYH stage scanning system ¥ photomultiplier tube ©]-&

- 29d A3 d4 oY 2 A%

P

Z A}



2. LDH(Lactate Dehydrogenase), AST(Aspartate Aminotransferase), Glucose &3 -% A
713}8t2] ZFaty dE nlol A Y (BAEFHE HEHA)

7t F2r1e9 HEE B3 vlo]l A9 Az
- vlo| @ Al A 2] AZE 3}t screen template®] A L A F}
- Working ink composition®] Z &

U 4% A7 BAEE NADHO e £33 <l electron transfer mediator®] &4
2 A&
- NADHS #7)38t3t4 54 g4
- Electron transfer mediator®] 713183 54 g4

o}, A EQA LDH, AST 2 glucose &A -8 vlo] A g 7L 2 AA HE 7t54
e

3. 47123 AARAY B/188H SHAT (383} FFA)

7h ZA71Z2E AA BAE o€ AF A} 2 A EA
- thiol ¥+ 3 (Sulfur)e] ERol A7) 28 A F & = RAE o839 thiol
modified AF& HE3 AA ZXE wjE
- Modifierg& &% SAFH FAZA Atold] HaL e 4 A+
- A715183 g4 875 7HA = thiol® 29 &4
- FAF gl BARAE o]t E, HE IR E FAAs2 AA AE ¥
EA& =A
- STM (Scanning Tunneling Microscopy)2 3o 220 F A= ¥W, 10 A=
Yo 23 Z thiole] GEAZ EYH, 282 1 GEAS o &3 AAEAY
morphology & <4+
W}, striping voltammetry 7]€-& ©]&% FelAAF chipd W7|883 £ A+

o

CARRA 23 AR G (B9 0

7. A=E ferredoxin E¥ Al FA: dEHA HA HE oA <dmouses}
Bacillus®) ferredoxing A Z3F 9wz Hegz AXsn A7) 383 EA S ZA}

Y. F A3 dolA Az Ad dWAEL 1AHIFA I olg9 AR AL 7M5E
A 87 A3hA tr¥d Zol9 carboxyl terminated thiolg 34

t}. His-tag AZE dWZ L FHFd 2AZAZ § AT NTA-terminated thiol®]
4

2k, A Z{ cytochrome b5%} bacterioferritin @@l @ o] A=

ol 9] Zu]& bio-objects] ol& e e 71R2A P nAFF A7 VAT
7}. 3 u) %9 bio-object °]1F < A Z|ELA: 97 E ALY VExAEY

- 30l bio-object (B) o] EAERAH, 25) o A3 48H 54 R &4

- Micro-channel @ diffuser® A, Az 2 £ 4
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- =9 % bio-objectd] #F WAES % vA FELdE ¢ vk ARAgE AF

woold g4 A, A L ik 59 IANTH A4g dF
- micro bio-object ©]%& 3 micro-pump® AA, AF L AY
- micro bio-object & WA AE 3 micro-diffuser valve &+

6. Multi-biosensorg & PAFZ IdF (7] 2@ AT 3 3))

7 ostelaz MY 4T AR 47 A7
- slolazmAYslES S48 vtolaE MY YHS AW 4T A7
q 7

s
£ 34 71es A

ool gdT g4 47
- 71 wEA AHAZ 3 714 34 FAPT ANAYFA, passivation 7]
£ ¥ lift-off34 $¢ 83 nlAdT F2E FHskE PP A7
ooEd S Fxel E2E ¥HAL HUS YASE Yol Ui AT
- B2 PEE A%t A1FVPEL 84T muti BT P S8 A
AM BES qze B4 23 Pdd o a7
P Muli 4% 7z P4 By A7
g BEod PHFE PPoz 5

- AN 92 EZ9 FAHE AT A4Z9 HF
& lift-off $ 2 multi A=oll §8&37] g el s A
ol stela2slda wg AW, WF Fxo JAH PH AT
- HAEFE o] 8F vlela2 A g Y, a2gn oA AF TR JHEG W

H AT

)

T

7. %% AN AF Aol B AF (87 2 ARFTEH o] £ 9)
b AREET Sl Y GRS S8 ABAHY J)e AT

. A2 E ASICH ARAA 2 Az

. 4E2 ASICE FAZ3e 9@ Ree A%

8. Gene expression monitoring-& 93 2 dwye & 2L DNA chip A% (38T
gtal o] 44)
7}. Gene expression monitoring$ 9% Agwy 8¢
- Gene expression monitoringS 3% mRNA #3 2 FX3 ¢

}. DNA chips] 7}
- ZAFA ] AQl2€Eg o] &3 DNA microarrayer®] Azt
- F71AY A A 2 oA

- Gene expression monitoring® 71% 9 F 438
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M 2 &2 =del Z7Is/ie s &

Al 1 2 DNA chip technology®] 71& 1'% &3

. Z9e) A

=
.
!
al

MEMS X oo A& o] 7]<€< biological material® ZAEAIA A S7HA = o &

DNA chip 71€< o|u] &KX 5o 9+ genome information®} ©|& ¥4, 7}
71¢ 2 3 AN #5 @ A2"dd BHAG = FRY FTHLE
A

T HY Rokolth 53] &3fole olE o8& AGEFEC £& A B A=

dom ol2ut “Biochip Industry’ZtE MEE &= THFSL 3l

AT I A U
gk, o O e Ok

o uole F e AusHuA = 4FHA ¥HYS wol T Utk

(1) Genome information database

19993 @A7tA ERE HES 17 T/F AEA B FH3 genomic
sequence’t B3 A gov e ALe UA Ay ZRAEV 1AHoE £

= 20033 Axe A FG/AAE HARE7F drg dFed g3 58 dAY
AHFEE 9%E JAHL o of 63 - 8¢7jo] o]& Aoz FHHE 4
zZke]l ¢ 715 HoseE R AF ASHA A F + dvh. AEH
9 F2yY WHoz EdRolst dojd KAHAE Folyi TS Fdste W
Aoz o AFZAXN HAI {FAAY F= oAl 70007 HTd B}
cDNA poolel A Fz82 Febd F1x @8 AT F7IXE &4 o3 <
o} 21 expressed sequence tag (EST)E & A9t 714 8oz of 24097440
747te wlelEl 7 A Eo] gleni(1999d 59 7Y FA) olFolA Alge R&
oF Hulo] 2oy, 1Yy A IR dHAF glol 9+ FHHTD GenBank?
2 EST entryE2 HAFHE 48 AFHoz MEHA Se2H (2 vt
o gmAL gzsaE g9 FIAAPHE EFIE Aol sieHAG. ol

UniGene databased: Al@ 3 AH 2 Ho] disle FAFAH oy o &

A 2ol ¢lout automatic gene clustering W ol o2 #AEA o= A
< fosiol & Aol |

ol ol ¥ AH3F genome sequence informationEL EF U3¢ NCBI
(National Center for Biotechnology Information)& %3 F7/l=eo], 371 &
JHME S cell clonecltt DNAS FHZ FU 4 Ut ol =2 o
AtgAode AAHoz B2 FHE cDNA FEL FHs3tn ot 4
2Hoz #4437 & dx9 HY A oldelAE TAE StAE ¥n
1=

S 0

30, 1 4t rlo

(2) Microarray chip system¢ 7§13 2 443}

19959 2dX=die] SEY HEPe ‘?ﬂ?’éﬂ”% 48 2] ¢cDNA A& & 3
Y ZHEE o83 £tol= Fet2o] AHYWEA AH g "microarray chip”<



7238l Arabidopsis®] differential gene expression patterng A #FH o=z <l
3 Hxo dF ZAFAE Hu3F o6 MR microarray chipd U TEE F
AY7tH A yeastd] A ORF?D 2 Al 9] expression array (10,00070)8)7k2] =)
st 223 AFFE Hol ATt 53] microarrayer robot< A ZdtE 7t
oj=2 UH Yol TMTOoZHY HAA dFAEo AFY AFA FEAA
arrayE TES AE3Ed A Vg AdEREE B2 VIS0 UHE
2o EAS Ad microarrayerst chip scanner < A %3331 QoW array
& E’}E-‘Et‘ﬂ 2% o2 72 ARG EFOY 48 LZEIES A HE
7} A1 Zsl . £3] chip scannerd 7% % AZ AR H2 ZAH YA &
7] Eo B dFAEC] AT/HIE Jr Fuld ZA gE&se FMoitt #
ZA 2 d3xHFAdME chip scannerg A Q23 H A #HI} knowhowE
FHsted FE3A.

Spotting type& microarray H#d+E ¥E 2 vl 9 AffymetrixAlE HEEA|
Az 71ee dF2A Ad AzZ+& (photolithography)2 ©l &, 2% o &AH
ALY EZ oligonucleotide® FAstE HPI0L 7iEdsle 19960l Hxo AFE
& ZA39es @A+= Amersham Pharmacia Biotech©] GeneChip A& T ¢
AR S @335 Ak, NanogenAlZF 712 semiconductor microchip< V]
M8 AFo] M7 AE 718l sample handling® hybridization stringency& =
A F Qe SHAFA AFLZ, dF AAES A 43589 H FEHAE FH
Z2 AAsSFed 2792 fluidics stationS 71 LEIFITHD, 19973 Lol =
Molecular Dynamics®} Affymetrixol 231 GATC (Genetic Analysis
Technology Consortium)i27} ZA =] array 718 {22 49 &FS vA
371 91§ ol AYPFoln A BA LT EYo9 sz (Ver. 1.0)S H7}
Zolot. 1998d 39 22 HEHUY microarray?l AA AlF FEE 201030 =
1509 28 7E2E A4ZE RAeE Holw A2¥3E, AL formate] XFF R
Hl-§ Azt #Fo g volrtes F Aot

—Pré—made filter or_array

AAE7AAT i AFA7F 7YE F JT arrays FAAEE filterodl 1
Ay AWolder}, 1999 4¥€el NENoAME 2400709 <UAA cDNAE
microarray®] WX A< formateZ AAFZFL Eetel= Fgzd nAT
MICROMAXE ##3%th Clontechol e & Zut7lo] &eol= Zg~ XA
o] array® AlBE AAHoZ <AL U, 7 v]& WA AHY array s
TEo] 27lo] THAY 4 AFAEA SAFE A F& E &S RS
Aol B35 Y, o]9} E Ao chip scannerd] AZE T RoF Az},

(3) Genome information®™ DNA chip data®] BEARs 3z HZ

A% F714FE A7 28 high-throughput £A1#8| 7} @gd3ti ol %
8 94w g Aust ZoxwA uzd 4F SEJ HEARY
(Bioinformatics)”® 84 ZZH1 At AEARTGOYT HAFHE FE &
T2 olgste] AYHE Rols AT Awe] HEIE AT AFEoF 3
ojtt, ol RFAA AK dolE HWoAE YA AL LA AN
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3t A FAl iAo Z=Folx olEF 7wt ¥ ofYe, olAE FHH
o FAAR ARNE NXuE AAEgH =75 o83 AETH ddE
wle Aol e HEF LU Fo HlolgE FHeA @ Zeolth. DNA chip
£ dod e gtk Fxd FH2 dHolg wWe]xolA array chipe® A2
ZEEE A Wz, 4742 FFE PCR I‘E}°]U12 A A 8 11, hybridization
2 Hdid dolgHE &, £4sted "3 nito] A4 FLE
T AIFAAME AE 71} Zoko] Wi TR E
358 #4A 714 (‘ZF , 38, A, T4 F)AE
2718 ng3tazA ia‘%’ﬁ} Aoy FEe] F8E ¢

i)
n2

22 R&E 4Foln

U, 2y AR

HZ 147 FUol= DNA chipd €89 &8 weto]l d8 L/ME E3iFH
E gl 7Y g2 AE FALR 39 microarrayer®} scannerd =% HF
383 gtk £3 FWe DNA chip AlZE AAstels A= 3AEo] wAI"A
292 718031 . a2y EE L end-user® YFAA chips |74 I
ga3lale Ao Fatn AP "5 vy Ads AAE EsiEHe =82 o
2 dx 71dS AQstne oA uFS dAHod. H2 S) 3}°]Eﬂfﬁ'—9} "lo] @ Yo}
|

ol 4 microarrayerg 1% ¢B3 A ool B AFAAMe Zo] microarrayert
scannerg& FAlo 7L d Al obd gl 53] A AL FHAM 2 dFE
KAIST oA &8 7153 B8, Ax, 71413 59 4 84 7jes T3t A
L 2AHA Agled 2 g9t glow, FudiA B3 4 847 ofn A
2Fe FFo 28 gloenz BF ¥y AF AAs} otAHYE 9@y nRIEsEA A
oz FEuE ARG Eolox AAHY AYHL ZE3E o &40 glo
gt dodEn.

2214 DNA chip instrumentation® TFd8& I 7€ Tl vls] Joizo=z
HEABS Botx ng HIsoh 7E A=A HET E%—% g Ao Ql¥ol
g oz o t'vﬂ:°]: AAAY & F digtolA BEAHRSH B3I 7|2 £F9 Z
e ntAdsy U Aot AEHPEE AR AFTA7E AW ZokE o ¥
Al oA g F 0}" R B F EorE ZdEsle AAAHA ZE5E HAAEFE Aol A
3 EAoAT AEARG g FUY A AERJY FEFoE2E FHLS
He Aoz A AERSH A F HAFRoF Aol FF THAE &
231 ¥§9 wers 2AE Yrie Aoz RE £%stE o] viFAY Aoz w
IZ33=
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E. AA A9 Microarray 71& 2 Algj3 d 38

1. Custom-built microarrayer
o Pat Brown lab (Stanford Univ.): http://cmgm.stanford.edu/pbrown
o Albert Einstein College of Medicine (AECOM):
http://sequence.aecom.yu.edu/bioinf/funcgenomic.html
o Vivian Cheung lab (The Children’s Hospital of Philadelphia):
http://w95vcl.neuro.chop.edu/vcheung
2. Middlewares
o Clone set vendors
+ Genome Systems: http://www.genomesystems.com
+ Research genetics: http://www.resgen.com
o Filter vendors
+ Research genetics: http://www.resgen.com
+ Clontech: http://www.clontech.com
o High-density microarray vendors
+ Affymetrix: http://www.affymetrix.com
+ Incyte: http://www.incyte.com
+ NEN Life Science: http://www.nenlifesci.com
3. Instrumentation
o Microarrayer
+ Cartesian Technologies: http://www cartesiantech.com
+ Genetic Microsystems: http://www.geneticmicro.com
+ Genomic Solutions:
http://www_bioportfolio.com/erbi/genomic_solutions.htm
+ BioRobotics: http://www biorobotics.com
+ Genetix: http://www.genetix.co.uk
+ GeneMachines: http://www.genemachines.com/
o Chip scanner
+ Packard: http://www .packardinst.com
+ General Scanning: http://www.scanarray.com
+ Molecular Dynamics: http://www.mdyn.com
+ Affymetrix: http://www.affymetrix.com
+ Genetic Microsystems: http://www.geneticmicro.com
+ Genomic Solutions: http://www.genomicsolutions.com
+ Virtek Vision International: http://www.virtek.ca
o Total solution
+ BioChip Technologies: http://www.biochip.com
4. Consumables
o TeleChem: http://www . hooked.net/"telechem
5. Softwares
o Scanalyze(Stanford University): http://rana.stanford.edu/software
o Biodiscovery: http://www .biodiscovery.com
o Molecular Dynamics: http://www.mdyn.com
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A 2 A dolo AN AT FF

Hlo] e Mol AL&3E A3 8 FHE 4% 7HFo] HHEs Al&o] HHA
3t gAY SAHo] shsdiol dE Heolth, o} B REgFHE vlol
MM B AFE ¥ A&35t1 ¥l e disposable strip typeel &3 &
e o= JIthE™ glucose HlolAIA Y AL A&slso diE ol&HT
A, Strip typed BlolAME A xsed 71F 83 7€ Al H(base
substrate) ¥ ol working electrode, counter electrode 2 reference electrode®
thick-filmPF Bl 2 A X3+ RAol™ o] screen printing WHOE FHEH & 9
t}. Thick-film technologyt ¥ o Z w0l A A|FoA 71&A = A ZPBe
Aoz dAa"EE dAdYsRold A diagnostic kitd] A2 E& s} A5 Holg
Az g o}, Thick-film technology‘_ oA AzLE 2ol AFo] o] BIFE JEZH
o]l g wlol Al HL&E H Td FTA AMNE FAAST A7 E v
235 £ 7] wWFal ‘ﬂl'°]£’ﬁl’~i94 2E3E H8 dAI 2FHE Vsl
. B AFoA = viol A tFAMAZIE 24 P33 screen printing techniqued
o83l Hlo]Q AIME A&EH L, B Hlo]LAME FAA AT F e 5o
2 Qa2 A8 43§ volAME AZE & YA =HAU.

FEE BES vF, dE T AFAIAE wel el T AF7F 19303 o)
o] g3 XY Foln olF MIFJoAE uHlo|LMMAIFe] X&£AHA 3L Fa
I 3ok @A) ol?—ﬁ‘} AME F NG Z3 84 53 Zopold, IFFAHE vl
ol AIA Y AIFL A WulFo] = A Dyt de FHE AFE olFx gt o
o= Al % ‘?_HI‘ZF ZH2HE SAHE vlol A F HEI} FEE olF F Ue
7beAdel e FAH AL FEIZ dogde] o 5 £ dIdsd. HE 9
o] ZWIF = uvlo] 2 H Z & Z A (Cranfeild biotechnology)Atell A ol &3 B mAjo] 25t
20000 7HA] wlol @ Al AAIAIFL <F 110 o 28 H==2 Golg "ol ojF ¥H,
fA4&5H 9 A7t ARG ZH F AEd5AY AR 80%E AAEH AE
2 AZAZE TAHY 29 AS 2 FHE UnA 20%E FRFE Ao A4S
I gl 3, B A ARALANA uwiol AMef o] B FAIF olF
oA x ed AR WAFHE AFo2 AT F Ae AMA2H AEs 936
Z ARZALEe] B A7 FAE A&Ssn

TUe A, vlol A BE dFe B AFAHAAN MHEoE FYPHJYR, HH
2o Wi #FAo] FohA Aoy ofANA T AFAHT Hate] BFog dFF
o] &x H]?'SH AXR AAolth. ey MAZFA FAZ & o, vloledAe 8
2 IFL 2 BRI FEE Bob Iy dAe Ex1H AF7F vtEA] € 3ig
1 AZHEY. AAZ 2 AFdA FREHL JE BE dlolAAe B, AFAHA F
ARGt A9 o7} B ad uHi7b Qe ROE AlEH7] diFd 4F7tsA4 -‘4 A EAE
o] Wj¢ Aty & + Utk

Al 34 AReE 23 Ao

gl
oet

A2 AHAH 29 AFE A UL BHALS FYOL Bo] o] FojH T vt
2 AT wyel &1—3011 Sojx 2 2z AL gloud AT AelA WA AL vl



A9 monolayerg ©]&3% A7t Bo] olFojx 1 loed, e HWIFFH 53 AFH
el A A1 o] 9] promotor?] monolayerE THEOIA T o] A7 XA HFE do}
HE AF7F @3] o]Fojx1 Ut

224 monolayerg o|F1 Y= THAY Az} HYo] olAHoz YojUyrE 7
g DR FE AFE olF uud Aeojt) T3 HAA A dlAE 2 A A
AN L& F dE d¥FAS MHsn gJov Az dHF S o) AT AY

o] FoixA @3 9t

A 4 4 MEMS £°}°] 7= 5%

e 7le TFL A5Ed fd9 MEMS T2 XF7A JAZ348L& #
A& 31 e 27l 85y FHAPY JINkg ol &sted A L A Y
2 33t 2 8§ vAFPE, EMALY dd JFIAEAM Y, 292, UERE,
zgrolA Ztzt #uE AgsHn Yok, £F vjFoAx @A DARPA MEMS Z 2
Yo A Y3t Ygs 6%oF 71 H ‘Fluid sensing, control and transport’7t X g5 o}
Ron, HIY A wWslel A AAE Z AT vF MEMSY 71y 382
gdgd 2o R HAE T2 AFY JHE AAEE AS AR € A7A Tled,
F HAZE AF MY 7M&se E8A FUE st A 2 AlE#H el CADd
BAHol B3 Y. wixgtez JEe A Fa, g5 E AA o] FIAA &
& #38 microfluidics/microvalve 5& °] &3t &3 &4 HEHE M2 &
ok JfH3] 7t Aol



<E 2-5-1> €2 - 87 Bob 6% MEMS AZRAAAEY NFFASE

Total MEMS Medical Market:
Company Rankings by involvement in Segment (U.S.),

Silicon Microstructures
Texas Instruments*
Westinghouse

Key: MEMS = Microelectromechanical systems
Level 1 = Company has a significant market share in current MEMS medical market.
Level 2 = Company is active in MEMS medical industry and research.
Leve! 3 = Company is small and is developing niche medical MEMS technology.
* represents several divisions

1996

Company Ranking
Affymetrix 3
Cardiovascular Imaging Systems -3
Cepheid 3
EG&G IC Sensors 1
Honeywell Micro 2
1BM 2
Lucas NovaSensor 1
Motorola* 1
SenSym 2

2

2

2

Source: Frost & Sullivan



199630l uiEdo] 169 EIY & - T3 Eof A|FL o] Hofe Fgo AEQ
Disposable blood pressure sensor®] A &2 <l vj&3} MRE SEAFY A|Fe & AF
0.2 20043l = 729 EHE7A] F71E Aoz AHET 1996ded 125%0lR @ Al A9
F7HEE HA A4 71 dH AAH FUrsted 2004del e 27.2%0 o] o]t} o]

S e F7t 2AE BAY 9B - 87 Bk APl ¥ @A dov gozx A
4% @ bsdel ¥ee v,
A4 98 - BF Rk MEMSE 71& 71¢¢ ARThs MEMS 189 54¢ 4+

N

Hozg @AY EFs o3| FES AT YAHA F2 FHstxa U} ¢l &
A, Invasive neural monitoring®]Yt PSM(Personal Status Monitoring)¥ Z& Rof:=
o) A& e & AAPE Ad Eopol},

Xome o

Total MEMS Medical Market:
Revenue Forecasts (U.S.),
1994-2004

Revenues ($ Miliion)

Key: MEMS = Mi hanical sy

Note: All figures are rounded; the base year is 1996. . . Sourca: Frost & Sullivan

29 251 82 - §7 o v]F MEMS A2 o4 vjza)

4y EEFL
FUe TEQ 23

@ NEEY @

& A = =)
A2AE 19819 AR JMEstRa, 1980 d el o]
o] o] Fojx]7] AFYPr) A AW T FE
tfatE 3lAte o FHAZE ey, ArEEtEg Y s

Accu-check Advantage, Medisense, Life Scan 59 3A}7} gtk Z o= ol o
G AES A4, Bulsts AAE gled, ALVA HAAEo] 2ol dEdm 3
o 28y A9 dujHy e AFELS A2 29 A7 % A (mm 2

L

_20__



7, BlAZFE7IE S 8T AXE oA AF AV HAE ¥ FHEA ¥F, o
B2S bR AAHCZ ATt 883 JPFFoltt. oM E vzt RE
thatol A AF7F Ay Fo|ghd ‘

AT & JledUie AAHE B2 st dAo HAFsd o %S EHdE =

oA dolHE X, EASE $aoE Ztzte] REE AFAE thg packaging
A& B3 AFLE VE=E hybrid AZ FP OS2, monolithicdtAl Al ZsHA Rt
. B dFeA e vle]2Z =719 biosensorg FEA Y R YA A &o] JhEdt
A Foz2H 71&Y AdMe ¢S FE5EY F v sAH.

30 ol
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1.

M 3E ATNLSY WE W B

A1 A G ®HE AA g D DNA chip Al=¥ 7

g% umd 248 A9 A4 A

7b. @9 vlol 2 MM L& HF I mediatord] A
71318 A" Ao AlA"E FAS7] sl 2 7EXY] AF(BAS glassy
carbon electrode, BAS gold electrode)® 4t3}/8<9Y mediator(potassium ferrocyanide,
ferrecene-monocarboxylic acid, potassium iodide)E& ©o]&3F 712 cyclic
voltammetry & T3 th ¥rgAe] HI= 5 ml £E 10 mlZ2 dged, 71&4F
2 BAS Ag/AgCl reference electrode, supporting electrolytex 0.1 M2 potassium
phosphate buffer(pH 7.0)tt.

U T84T A5 d Bl A ANHFLY HrEEgH Fd

Z 718 5H4 vlo]l @ Aol AT ¥EgA o] 4% glucose oxidaseZ} i d
g] 2ola glow HFgd nASAY FEHo APAIIE 48 71X LPe] ¢
A ot 2™ horseradish peroxidase(HRP)E= dubz{ el w7]d-8 ALE3H &4
AZo] £oldlm HEZHo=2 ELISA(Enzyme-Linked Immuno Sorbent Assay)u}
Western blotting®ll @8] Al-&=ojgtr] djFo Al 71X Hold& 2= Ao At
g FdugE dA 79 F AT FH] Ao ¥y AA Al2"d FASE AS rE
A8 & 1A} electrochemical celloll 8<% Zele] HRP®} mediator ¥ #AMsl¢4
g HJtslm 71E-d 26 A& 0.0Vel AY-S working electroded] <17b& tlg Ak
s Fdo o3 FJAHAFE SAsA. '

2. DNA microarrayer?| Azt

. DNA microarrayer® 7Z]E AdAAlE 03 20X dioA FNF <The
MGuide>& vlB o2 35 HEE 4 FEFE AHE3 A% WA © 3%
E NMEFSAT. T EESL AUl VIeXYAEH 74 VA FHAANA AH AZEA
t}. DNA microarrayer®t chip scannert® Windows 988 9= x= g iy
PC(Pentium-200 MMX, 64MB RAM, 84GB HDD)Z A o3l t}.

7}. Printing pin assembly

A48 Be 2HAdHgE 222 H "quill” typelL2A I golo] AY (Y
A, 33)7 Majer Precision (Arizona, "I )l A F st A == 7FFD
02 AW AFsgon U A A3 +5< A8 WA 3 mme B 34
(LM3, THK, dE)E d= ofadiZe] 719 DAt AL AAH 537 Ao A5}
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71 98 AxZYL 10 - 30 gf/mme] RE HE 2ZIH (ML, FF)dA FE AF
=
U, An 2%

2E 237} 800 x 500 x 200 mm<l =4t A 3% 2R (FARAMAN-RCM4M,
AP ZAY Be DHNA AR FHES ez FTaAx R AH/
Z FARE O|FHEES At BA A2ge YUY T2 ol B A
¥H(1200 x 1200 x 50 mm, WY Al2"®, A&, 7)o A A

o 229 A4

PC-based 4= W& 2H ZEEYH JI=(MMC-PV4, HAAAA)E ] &3H9
microarrayer robot& TEEAUCH A AHE A3 =& 230 AHE M=
2719 dAd 28 HAY ol E o fdld AFARHEG EX 75 ZEOYL
A ZAboll A A L3 2lo]H 2] E o] 83 Borland C++ 312 A3t

2. DNA chip scanner

Chip 27lvs 71E2¥ o2 3 71X EFEALE HEE & UEE G339 #Hol
AE Al Holx We A AeloA FHL raster patterne 2 2o 2zt

gae dojd & UES AR
B!

Fluorescein Al g 9 & # 249 excitationo]l H§3F 488 nme @3PS W
10 mWF9e F#é 2 ofzF-0o] 2 7 o]*(2014-10SL, Uniphase, California, 9l =)&
Abg st AA AlA2"e B EH(1000 x 800 x 50 mm, FLEF 7}, AH)S)
of 23

t}. Optical system

ZEF 14 ¥%, 9A 22 8& % 2HA T2 FLRE7719 Newport
Corporation(California, ©I)9 AFS A& A Dichroic beamsplitter
(LWP-R488-T520-1025-45UNP) ¢t laser line filter(F6-488-4-1.00), color glass
filter (CG-0OG-515-2.00), =& A& 150 mm$ singlet spherical plano-convex
lens (PLCX- 25.4-77.3-C) % visible laser mirror(BBD1-PM-1037-C)& g =A
BFANE, )9 AES AFEE A, 520 nm F3 & bandpass filter(XB88/25R)
£ Omega Optical (Vermont, "l )e] A& Atg3doen dfEA=E Olympus(¥d
£)2] S Plan (20X, N.A. = 0.46)& AF-&3F% ot

T}, Motorized chip-mounting stage
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A FEL 2HolA AFodE dvuldE 55 AMEH(SE mechanical stage,
Nikon, ¥€2)¢ % 2HOIX(STS-X, ¥¥ 3877, dA)E FH2E Xl
nAF} g ZAZe] 54 2HWY =EE(PK-544 NA, Oriental Motor, ¥2)&
flexible coupling®. & 43} A ).

Z}. Sensor and signal acquisition

n o3 HF ANF9 AELE Y8 AF 9 photomultiplier tubeq! H-5784-03
photosensor module (Hamamatsu, ¥ £)& A} &3 0. Agoz wgdd £ 4
3 AFH WAFEL 12-bit multifunction analog and digital /O card
(PCL-812PG, Advantech, ti%H& 53 FZ3tHutt. 28 oA Ao ¢ Heolg
/A% =239 Borland C++ 3.1 =+ Turbo C++ 452 A 3.

4. Array fabrication
E. coli AX v, 84" AF, DNA FZ, polymerase chain reaction 59 7]&
Z2e 3F FHAEZ FYP3 A, F7IH<E #F<U2 automated DNA sequencer
(ABI Prism 377, PE Biosystems, "] %)& ©o]|&3t9th. Oligonucleotide: Ak €
(A, g3)d X FF FAsAT.

7}. Slide glass®] Al H

HdojAd g <Sgole FHA(75 x 25 x 1 mm)E Marienfeld(5Yd) =+
Corning (Cat No. 2948, New York, #l3)¢ AFE UL 2L HHo=
pre-cleaning 3t A& AT, FF4 150 miol 50 g&] NaOHE &43 =<

€ 200 ml9l 95% clgt&& o] FA. fAo] &I FHA AL FFHFTFE
zF 7l Aol FHEA FEHHANEE wtEo ALLEFAT. olFA Az
cleaning solution®l £#tol= Za2E 20v] E°| rackel AMHPA 271 ¥ o
& rotary shakerol 2A1%t oA FAo} rack A2 AW THFE AL £ 7]

go] 33 ol BFo W dry ovenoll A &A3F] A=A

. Plasmid =+ PCR product® 74 %

ZAol7t 71 DNAY ZA % tg&x o] &go]l= Wl (+)-charged polymer
2 £33 g DNAE A2%x"std AW S AA A&sdch AHG <5
ol Z#H2E 20W1 Eo] rackel EE g 4 FIo FHFE FHHT

poly-L-lysine &% (P8920, Sigma)el 1A% &< ARt Th. racks €A
7ol W3 EA dEY £AL do] AAG A HHEHA &2 Ao LT
BHsle A AXHES A

Zv]d DNAE 3X SSCol HAF Fx7 HE2F =2 ¥ polystyrene
round-bottom 96-well plate (Cat No. 262170, Nunc, IL, USA)el go}A]
poly-L-lysine® Held &aol= ZFa2 ol microarrayer robot® A~X & 3}
Atk Ztzte) arrays #E E99l FA Fol hydration A2l TH& 100T S} hot
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platedl 323 ¢lojA Z& ¥ UV-crosslinker (60 m])ol ¥l A cross-linking
o] dojuA 3tHt}. HybridizationA] background bindingg Z°]7] 93] DNA
of AgstA @1 doldE lysine 71 E g #WHIT Zo] blocksdt ol 315
mle] n-methyl- pyrrolidinone(Aldrich)el 5 g9} succinic anhydride (Aldrich)&
#4438 =<9 e 0.2 M sodium borate buffer (ph 8.0) 35 mlE& & £
arrayE 1583 @7tA EE9 FAUAY. o]l& 9HBT Fxo4 28 B}
double-stranded DNAE denaturation A%l F FA] 95% o & 2o 1&3 Yo
T U2 94 2l 989 AHE AAI}ACD

t}. Oligonucleotide® 7§

Modified oligonucleotide?] TLA YL Guo T9 WHE o] &3A}His, ne
AFFE  Egdol= IFHAE  9H%Y  ofHE/E Eudl  1%E =9
3-aminopropyltrimethoxysilane (Aldrich)ell 2832 @2 5 AWo] ol 8o =2 §
3] MAHsY TA g 10% pyridine/formamide &uiol 02%2 =9l
1,4-phenylene diisothiocyanate(PDC, Aldrich) & o] 2417+ Z9 =71 v},
gtgo] B H Sgol=E HBEH ofHMELE Mol F FH ALty AR
4°C9 vacuum desiccatordl R @&t

Cruachem®] aminolinker columng A #A)x3% 3'-NH: oligomerZ 0.1 M
sodium carbonate/bicarbonate buffer (pH 9.0)9] 01 - 2 mM2Z %9 ©&,
PDCE HeEFg <SFdol=o 1 ul¥ vwlolzzusloz AXHEo 37C¢9
humidified chamberedl Fitt. ¢ 2A1%Fo] ZARg F 1% dEUels= 13,
T2 33 HojA A2 dRAHG.

5. Fluorescent labeling

€231 9 5'-fluorescein labeling Promega® FluoroAmp T4 kinase green
oligonucleotide labeling system(F1680, 19993 & A4t &9) = Amersham
Pharmacia Biotech®] 5’-oligolabelling for fluorescence kit(RPN 5755)& A}&3
o 712 d8e teS# Zoh Adenosine- r -thiotriphosphate®t T4 polynucleotide
kinaseE A}&3ld &9 5 -OHel thiophosphorylationgd ¥oz T &
maleimide-fluoresceing ®¥H-&AlZ1 H Sephadex G-50 desalting column® 2
fluoresceino] EAE ZH2HE Fst. LHuo 1 £ & fluorescein
218 A X (DOS, degree of substitution)® 9&3 2 Wy og AASATHS),

10,000N o 4494
D.0.S. ——55.000
">+ T TA260 — (0.35 < Ad94)

6. Hybridization and detection

Hybridizationl & 72 F922 A4 AZ3 AL chamberg Al &84t 83
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He oe 287 B o
W Fe WFoz EAY

3l 23 ¥ 18 x 18 mmo #HAY ZFd2E |
LS g vlEx gEE ES o
of

o
< hybridization chamberdl ¥ 31 F724& Qo
ZYdxg AZY FJ& % t}. Plasmid-based array$l 7 $ol& 42Tl A
3217t E<¢F hybridization ¥ ©& A 20X 02% SDS7F L3 H 4X SSCE Aoy
AT ArrayE #5539 L HlolyE HAdLS g4 M AZEHoA Scion
ImageZ #4394

@7 2% 2 12

LEF g AFS Q% dyg AZF A
7b HE AFe 7|8 FA T cyclic voltammetry

Eolzozg AP FAE AF FHA nAII g Alg £ Yol HF
FHAA FA-FA AFEL doith olE MASIY AL ai-IdA Z2FA
(conjugate)7} £l &do] Fo] AFHA A3 SAHNFE A 23 A7}
A= E o} thA] o] & AASIY ASH/#Y mediator7t ES10E wHS Ao ¥ 1
71& AT Y] E mediatore] #Ug dod £ Ae ALES A & J1Z(FHAS
B 2)E MM & g4aNrg o2 AAE oxidaized mediatorZl A FHolA A
LE o FAsE AF ATH WIE ZFAH3E chronoamperometry HA& A€
st R

8 HFAA  dojuE  mediatore]l 7t A AbE-gd FFE cyclic
voltammetry® #&3}9t}t. Glassy carbon electrode®} ferrocenemonocarboxylic
acid(FMCA)E Z¥38<S o 7P o] Fd F4& 42 4 AdDG (2¥ 3-1-2).
o] AIo|M AL&dtA @ T29 peroxidaser: 2 719l electron donorZ % E
A& wictel AL A(H0.)E B2 YA Y. 18t A mediatores ©] 249
o] electron donor H¥E &A = AstE mediator’t FA] AFNA FUHES
E’oR.t} negative®] HAJ(Ag/AgCl EFA= did¥] 00 V)& U7l A28 scan
rate= 20 mV/secE 3t T

1}, Horseradish peroxidase(HRP)2] &4 &3

HRP(EC 1.11.1.7)2 SigmaAle] A E(P-8000)2 o]&stgon Adurxe AL
2,2‘~azino-bis(3-ethylbenzenzthiazoline-6-sulfonic acid(ABTS)& AF3A1Z o AA
He 9889 FFEE 405 nmolA At Frisidch. +#89F HRPY &
£ 403 nme] & E3AF7} 9.1x10°Y 2 o] &5t AAQsAT

Ht-g-of o] mediatortt M 7 $-ol= voltage sweepingg ol wel HFof
Al mediator7} 7t o2 Arsl/gAsHA HAH QA voltammogramS Kol AT
HRPS A ¥Wrgo] F&EY AodE Fid 93] £ 8 mediator7t A3EHD
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2 F4AF peak”’t AR AAx vl ASdHF= FAsA @9, 26 uM HRP,
0.6 mM FMCA(mediator), 176 mM H:0,9 Z=ZelA 00 V - 035 V 3oz
cyclic voltammetryE ¥ A3 #AAFI/ W F71gE sttt a8 d o
H scang BEESY] ol 39 AR A FA FATE HYed ol A
strad] AR 7| Aoz wAdYg.

t}. Chronoamperometryol] &3t =& F o HRP &4 &3

A &9 mediators} ¥HE71 A (FAsF4) EA 2B A E A @E F
LAFe ¥ A4S g Yo HRPYol #AFEE ol8slgd HRPE AT F
glt}. Cyclic voltammetryoll A et @8] A EHAA mediatore] 3zo] dojn}x]
REE LAE stirringd] FATH 0.06 ug - 3 ugd HRPE Y& AtejoA] oF 1587
g F& £4% A7 HRPY ol dizgxy o= v)dsto slope’l F71g¢S &+
AATHE 3-1-3).

i _|

2. wAW A7y P& 9% HRP 84 249 vl

71884 HY vlo|e Ay} AAZ FREHYE 7|E9 YEH ¥y S o A
o1 ¥ ol HETA(sensitivity) HAl FFallof gk vl AHP o 2 A 96—we11
platedl 4<% A3 njFe] HRPE Y3 HA7FABTS)E 442 5 microplate
reader2 2} well®] ODysimE FAH S Z3 5 ng7tA 9] HRPE AFESF AAT. 12
Ay A7|3lEH o2 SAHE e doA ZlestdRel HA4F 0.1 ug(=100 ng)
A x o] HRP7} EA 8ok potentiostat® =3 o] 7IsslP=d ol LAY wlaf o
200 He Feoltk. agn E4E MR AL AL FAT 5L =
Zatte AV AT A B3 Qe WY vole A HFE H 3
Qte] AFWFo] AL F4 nAd P HEI}E7E ol 2 potentiostatE
22 e ol A&Ad e A7 dvtn Eoh '

(B o
o
A

2. Microarrayer®] AjZ}

7}. Printing pin

& AHE Sgol= Fx o v e YHEL Sdxol= FF
°olE] ¥ piezoelectric &2 FT& At&3dd f7 FAE 1_1@ Hzsx g £
Hg A E HIFEZA U, Fol EF H FHY EAo £4S EI H
ZAH Fedel 2XYEE HEA o] Ao WAL Aee Vede=Ee d
$M Joer EAEE &9 F& ddte W2 xHo] stedus FHol U
ey A¥AH FEA @71zl prototyped HEHEZ TS Wzt olgi$H,
He FFHR ANEE A A Egeolz=d AHe e HEEHAT cDNA

expression array®t o] @3 2 75 AZE UFo Ay Adde 24 =
Zvul Ex o FIEZX(AFE QY reservoir)E® BolFAHY mAS7|7 AP G= o

Hol ot daA ZUHAY ZAFE BE TR A §4& Y = o
Agge &4 FaAsn Jd= RHol oty multi-well plated] B2 AEE wo}
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EdM AdH4E wxz, AH H o9 H ANEE loadingdts Aoz MHAE
g $E JAXT HAAHY a5t e 7= SN 8% AHol Y& loading
S 3 dWxe 5 HWeS ut#EEoF 3w air bubbleo] A FA 7 AT
= Ao g ey e® JtA dstn FEE7] AL JAEA A HA S 9
At

HE2 dole 9 vty 2 solid pin® €ell ©tdd 3 Zo] F& F
& 7}& 3% "split or quill” pin°e] YTH(2E 3-1-4). Sohd pm% colony picker$ ol
A zold FejAdd AAFELE H7] AP pinoll BEANE ol H7] W) oW

(o]

Fol=o] A& uwivlth loadingd ME djof @k B dAFoAM = 2T =49
Brown LabollA d2 thF 3271 split typed ping 7FF 3l A& T A 29
= FUe 9ojo] A FAol A 3Uevr|EY 2dHUAYgE 2E BE IFES
st oy Fue] BEEE 7HE Fvle Al&ste eolold HA F7I7F 01 mmyt
Ho] spote] Aol UF AXx, A £ A F4ol slote] A3 AXIJEE A

DA A=A Eehe FAAHC AT wEA olddd BHYY "L AS AF
Ta8 2 vl Majer precisionol FE3t] AF-&3ATh QAL 308L 2H U
2 2d"ol1 slote] & 0.001 21X (= 25 BT &)oY}

Y. Printing pin assembly

e FEFUE ASE A8t FAT HH°] 9 mmeY 2 x 2 WiEY

47H FEIEE AP, o] AL 96-well plated] AHI 47] welldl A F
/‘] o Alg §9L loading & & AA &7 913 Aol loading™ spotting Al H
o] Eo] vidt WHol HE3A HE2 HE 4A3] nAHAAME <qHIT, H=dd A3
A ol Siwgoz AA2YA da S|IHAT FHe o wWAAE FE=EF

Ztol 29y ¥ AYsigd. 9% AEE ZdE ® A=dyE +3 ——r“’é°ﬂ
@3 AL AL 1 FHol o8 AHA AEF st B #e&d 79
- APEA shFeol st AL AL wE wlE steAdel Aok :7.3{
U XY HAAACA fol A X FAHT EI =9 A nEHE F
A2BEZE Z0°]7] 98 ball bushg T3 A& AYAHA(ZE 3-1-5). °] F 5l
= spotting T3 olA dg 2z Ho] FEWLZ A AR EoteA go
22 10 - 20 gf/mm ZE9 A2ZXHP S }%0}@1 preloadE F o}

t}. Printing characteristics

CE RSP

2 A48 g

F2% 9ol Folx S §Fe e

2 o
o

_Lo,.

—l% ol&& 7
3 2A=8.

2

- B o F &%
- g9 43
- @ 2 FY% ¥AY 43

A% o oF HHE A Fe

o 2 Fdol vld ZAHE EXdY
hydrophobic3lAl ©E EdHols o A& e &do] 3o wely FHHo 23



H 21 A¥8-oz AAY Fukd gict. 0025 mm sloted TWeZ 01 M
carbonate bufferg& poly-L-lysine €glo]= o] <l 4dlE HAE AFL E35o t}
3 22L& 23S AEEFAL. : ‘

- 2% Ao WE -15mm AE JAE EF 4z @
- W9 3% £ %! 50 mm/sec

- 2 ANEA Sl pR2E Azk 012

- He] 4% 4% 50 mm/sec

¢

¢

slot®] Zo] W2 T loading B ¥ meniscus’t 9F 2 XA A B3 = S
7} Bol 2XH"o] F HA & AL FF LAY =¥ IS /‘]E 8- o of

¢d d2E ATSLZE loadingo]l Z HA| Ropr H JAEBIYE FyYPwtgoz
Al 853 == motion parameter® ZA 3 B7E 3H 2}, Majer Premsmn«]
Aoz Aoz o8 A gi® 23U 29 3-1-62 25 nag
slote] V& N A PDC slided] Algd oz JaE Hol ¥ ZAxtolr},

2}. Motion control system

B g2~ DC e ¢ linear guide € A Y ball screwd AAHALE Alx" 3
22 749 3% A2 F¥ 2TE S F3 Hugo nAAHIE 3-1-7). IY
Aol EF Hol e AFH AnSd 22 FEF 37 A F4 15 mmY
o2 UE HH EF (¥°] 130 mm)He 2R L TAANAHTG. B AAoA A}
£ A 2ELS 39 Fo FAZeoez FE I dH nAFH 49 “‘9Eér
(cantilever)” @4 o2 F 8Aol T3 Y ZHoed HEZ 713 T
7} Sl Aol AAT 2HFE = )89 microarrayer®t 22 gate FEjo] u] 8 A
T JFEAA oA HIFE & dh (2 3-1-8). 23Y% H2 01 - 0.15 mm 3IF
42 2 At X8 HsiAAE ZA A € o] gtz 2 HolE Yo 3
H nAHE XFd HYsA HAF ddS F7 Z2A3 g A AXEHA g=
FEU Y5 BEE 2A8tY AL A1t FEse=E & Ao,

FARAMAN robot& 4437 (GE 15-20)9] 22372 259D lead (¥ 1
3 Aol olFste AHdA)E X, YH©°] 20 mm, Z&52 10 mmo|th. A B T E )
271 (dZH)e 2048 B2/ AFo|2R YxAlo] B2 tugd 98 m B9
A2 2 HE & F UG AXA SoA AAF 94X A HEE +/- 30 mm
TTEOEAN A7 EHe 1IYE microarrayS U stEdes Ao & Hoz I
123 2h=1

ol A8 B AH/AZF FX
vl ¥ o} printing cycle?ttt Al &9 carry-over® HA 3357 Yl AL A F
okt 3ok 2 AFlA A &AE microarrayerdl e 2S3 AAH7),  running

water basin(Z1¥ 3-1-9), 2d1 IF HZE ol&3 A=UE Aasim ot
2 Al  microarrayer®] %% Alo]lEF & 29 3-1-10°] “}EFY A
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3. Chip Scannerd] A%t
7. 33 489 Fde HAA

Als DNAE ¥4 FA3te wde
nucleotide® °|&3tAY & F23 Wy
AFAZ H olF ZetolniE o] PCRE 3sle Wol ot Axtel ury
"]’%3]'% 35 @9 DNA target?d o7l 8% 229 ¥& ¢ go}, o

oz Zgolng W WGAA EX3E ZFFolE 1003 o)Al PCRel A
P e Y ZgolHE wHE F7F 7] WEe AN ZHAdME T}
2] st o},

AFeME 71 dFHA FFEAY 4 fluoresceind A H s Frh, o
B39 FHA excitation FFL ol2T-0]2 #HolA9 488 nmet W ¢ 7] @B
o] confocal laser scanning microscopyY flow cytometryolA dg o]z 9o
W A= wle AP Helth gy BTN AfSHe 2 uE AT go
gz gled, 1) pH 7.0 olstedAEs Fgo] ZAsti(pKa “64) 2) H I
photobleachinge] & = o, 3) A4 1—51-1}01] A% el M= quenchingd 7
o] 9lev, 4) emission spectrum©] W& Tolth. 28y FHdl excitation v}
o] o2& o] #olA 2 488 nm lineol %2] 3}31 fluorescein® SHES B G
¢ AMEL FFEZE NEFH Aladn o},

o2 Z-o]2 HolAE ZIRHog A FHo A 5287 nm 7+A o IF
9] ¥& W, o]F A 5145 nme} 488 nm2 lineo] 7}F FE7t o KAIST
microarray scannerl A& 10 mW3 9 488 nm © ¢ FAE 9Eojus TP
AEFE TUA AL W e AFo] A2 HEHE AL A Y
A dolx = Wz PWo] AR HoldA &3 F93 Fraz JdAgo gl
- AFE AYgsAdd. ov] Ay A A3 22 488 nmE 99% ol
¥rAFA} 7] = dichroic beamsplitter& %33 Ro] A&FHYEd oE HolAd =9
Foll 488 nmR¥tS F 3} Al71E bandpass filterE A Yt AT 5 AUt @
Z diolAgne AT M ¥ £89 5145 nm lineo] ¥ L ™oy 4
AE YRz Zolgr},

A8 el A 3] =(2214-10SL, Uniphase, USA)E= A Y FF A XA AHF
HaAgoza 288 248 4 Aded, 4 5 mW - 40 mW o4 &9
¥ 4 2™ light control mode®Z 2F & 7 ¢ fluctuation©] 1% (RMS, 20 - 2
MHz2)3A =2 vw$ <dAT €& dh. A A== dHE 29 microarray reader’}
29 10 mW W99 HolAE FF3 ez B [fEog FHITT B}

Ir
jo o
o

S oo = o it
.&i

o Mt o et

=
=

o
=

L}, Intermediate optical system

Microarray scannere 338 FAo] 7|2 o2 confocal laser scanning
microscopy¥t  FAFSITH(ZE  3-1-11). Koeller ZE¥ & 2= duiyol
wide-field epifluorescence microscopedl A= F P2 o]n 7l Alg HAHAd=
2] x] = Heoly, o] Alxa”lolA 3 Aol excitation® #olA WL AH

EAAN #E Hol gzt AxABH F3L BF Ho|2 o g FR}Y
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ssl et WEE AgeA Hed, BE @ $FY B4% % gmo 29 5
e WE BEe oY ) Fls ¥ Beol me AYe so 2E o BE
otk e BEL 1) BAA FB B P HFwe FAAME

o

excitation filter, 2) YA}F L WAAIA A= Fo2 By HEoeE FBFL F
7} A} 71 = dichroic beamsplitter, 3) A& 717X wWe} excitation light& A A 3} 7]
A% emission filter®] ZFOE o] FojXth. 2 AFoME 714Fe Y &F
A A7 19219 "BEE AEd¥ ez Y438t optical breadboard ¥l =3}
o A&t

dAZAME @71A ¥3 EZANE HZE2E 5 e 9 F4/8EH A28
Az @83 Aeloly}, multiplex analysisE 93l FAldl F 71X FPJEA S

25 F UEE NAE & dAoY. F TR FF Jd2E FAA Heste
oz s "Wy EES uFo ZHEA R 299 E st Wl s tas
o AzY &Ax {9 HEE ZASE HAHAA F2E golHdE A ZUA
Ha A3 o)u]AE F3 (superimpose) & W shift error7t LA SHA "t o]
g it 2 multi-band filter set® Al&3tH 75 FFo] HAAHEZ 03
e AL 22 4 U A AL fluorescein isothiocyanate (FITC), Cy3
2 Cy59] 371X HFEAELE FAo #E 7153 2 E5S FFstn F7 3 d
o84 Cy5% excitation & 4 &= 5 mW F9 He-Ne laser& AA3st& Hol
. 28Y HA£7]2 photomultiplier tube (PMT)E 3tu7t Al&3 = #A=Z
multi-band filter& A& sz 2719 23 AHAEF T A 2 9
dichroic beamspiltterg& A3t P ASE FHAEE oA Ue oF Hx 9
AZE712 BEUE $4L& 299 130 F FF/H EFE2HAE 2EF AT = 9l
ooz ZAAF o v o multiplex analysis?7} 7F&3tx 9% PMTE 271 Al&sloF st
o2 7t vl go] £

F ®EHe o)A o] EAA E HEE EUEHSIZ H3td HEVY FA

of 45 Zt= 2 wedged windowE %ol R4 JRE WHAIAIA CCD 7lvlgt=
F3tAl SR (2P 3-1-12, 3-1-13). Dichroic beamsplitter® 33 339 ¥ 7
A& ¢ & plano-convex lens® A& HESA Z=AHst CCD Heoll AHE A
o] A EE I} 3 FHA wtALE #Holx W FollA dichroic beamsplitter
g B G LS AHEE7] Wi #HUE AYEA Gelx dHolAY =2 A
e g AgsA FEE F AJY 2¥ 3-1-145 I 1A H 99 Mmoo

. "HE ZAA
q3 AE AadgdA st 28 2olun U@REVE ¥2 F HE71Y photo
multiplier tube (PMT)E At-&3tHth. Utz ez PMTE 2 A T3HA

lo
b
ot gy

X3l st & HAH, B4 AN E vt 35 HI|A €&
Z17Fel module defe] A& A1&3FHd. PMTY 9dE= 439 dynoded &5
st Mge gt AFHoR FolXed, HE 1000 V A=A ZAFS AIFA
HAo B dFolM AL REL nAG SAZAI WA QlojA R =
+/-15 Vet FF3al 39 H potentiometer 0 — 1 V control voltageS €3 3l
FUM 9ZEE 23T £ UA Ho Y. T3 amplifiers AT oA
PMTY Az AFE AYoz A F==2 J:{ié}ﬂ] analog input cardel] &2
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FEE Ho Utk Ao g TE i FEHA 28 mm HZF S PMTel vl& 2
2= 2AE 20 HE A7t AW, FF AYE Y A analog
input card®] o5& XH3 &= Ae=E FESIL I

2}. Chip mounting stage

A AAE n2A 2HsteE Aol stsdthd FF o|v|A & CCD camera® %
Hol] @olE AE AA & 5 Y 3-1-15). 45 AgdHE I 290
ANxe HF @ujHoA AlLSle ofa #HZE FUS =R st HE ®2FI] £
da F32 arrayd % W €S CCD cameraZ #Ysle Al2"gE& 233 o
a2y ol g wye] TdE 1) CCDY Yz =7t PMTEYE Hoiz7] dEd
AN &L dof AR olH &xo A3 low-noise, cooled CCDE &3]
grol WAL 2) RE WFo= Tﬂ"]-‘; H3e EA4Y €W AxA Yo ¥E
&8 F Ae A20NFF7 22 d2)E 25 Zo| dUHoz Fstt dv
g gEIA=RgE 2 7H:rL—r7} Hd 04 =7 AFdHA dAe Heold.
Confocal illumination® % 3 focusing laser beamzt2] A th& A EFo] doji}o}
H 22 239 94 48 4 A7l 71FHo2e g BEFs S ATt
dojA 71 3y @ ZledHAME 71 EFFHA HHelmktn & o Utk

Confocal microscopedi e 274194 & ®HY7’F s 37 o &
galvanometer 2t= dF 9 3H ALEL WA beam AAE AFHATE FHAF
£+ WY& 2X7, DNA chip scannert gojof & £ WAool cm @9 & vf
$ A7) wFo o Wk A ot o b uad wye & 1A
2HoXNE FAA FHEZ LFole RUY LA AFE§ HAF 2HA= @&
o] Mi¢ vl Hu &% FA 2 F cmZ =¥ Ho|ojA] HulF e F£F 2
oA & ME3H 54 2EHIW REHE Zof THIAT. o] DAlddA mHsoF &
Hqe 2HolAle HAX FP AT, &%, 22l HA HHo| I feedbackel ™.
oz gt AbgLS 2709 resolutiong HAHYHoZ AAHse {RlolEE ujs TR
stk ol AT FH9 oA E R 9AZAE AHE FHi(pixeDE UEFE A A7}l
W FAelth FolA AT AL H(slot & 01 mm)E AHEStA U4
3} microarrayE A2 3 ¥ spote] 7ol ¢F 02 - 0.3 mm FECIEE, 7]
AEE dee &7 ouxE HEs mdsA A =77 20 92 v T
o] Hojof & Holth. X-stageZ MEd Av|F-& ZHolAe ZS rack and
pinion A o2 FEHH &= 13 Ao dis) 18 mmE FFelEd, olF FEFIE

o

W 2ol 54 2HW REE 154 10008 € 4 oD REH FF

L 7% 228 dolH 8589 EY W22 Aol 18 A HYEE
dg & JARTHIY 3-1-16). AA2ZE TF5 2o REe HPo Fus F7)
d7 @e 4 omE, BH Fo] ARHE Dold A§sE o ¥ve Mg
Aolgt Brh AH 252 sk RRe Yo dAHE Dobd A PYRE A&
Aol b3 e wyolAw vl g ZWoA of$ w7 WEo] o] me A
= 23t Y-stage: B4 w9z £xolm &S ¥ WAyt oD, o

AzZog (F= 05 mmE &FolE= %5 2Ho A 54 2HY EHE do} A}
£3t9 ;. X-stages microarrayer® 28 ZEEo| A& F <A MMC cardoll A 22
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Ae A 48 Foll AdAst] FFAALH Y-stager &4 Fol 2oz
ge BAZ 7F Z2aY oM 2w B2rde 29

gh

ol & 3lHt
°]‘: gtz AFE HEs 18 g5 299 8 2 2Ax AN
01‘4 Sxoe & EAZ Aoy AgHol os) vf rowrt FE] A
Aol JeEldt. o)A L rack and pinion 49 AM &% AAH
Hd EAE A= ed, & Bgoz 183 wyt dolg 3L 3
TdozX o A4S d + A
A 2HolA Y FF WHE E AN ARd F =7 AAgA HF A
P& 83X MY dA® & B2 fFec. A7 FLs50 gl
T FEFE HAE 2839 AT 2HOAE AF, 1xFHA HolHEL AN
U, 4% MAE A8 ZEAC AR 2E)9 ALY 7ALAE AH8T XY stages
Az Utk ABHE 279 Hs AAYE BdA CH—‘?‘—:?— FH2 10 vjaE ¥
Aol HAEE WHEAM 5 - 108 olue] B=o] dzdc} 23 F v /9 4A
S AR B E AH FL VEHoz £58 EFolE 6”417} qeoezz FF
Hoze AMELZ MEY 299 o] ngtsojor & Ao}

SO

oL
2

o)

2

v}, Data acquisition and analysis

PMTZ%H 4 A& AYL low-pass RC filter (fc = 106 kHz)E A=A ot
‘&% dolE 43 7)=9 Advantech PCL-812PGS] o227 98 wxato] o 2a
[ EFAE 7+TH Y X-stage ¢HE HAE ALIFIEE 315 PP A0
7Vset=E CW 2 CCW H& &3 9AE 7432 OR AlolEo] JFA A ALL3}
At dHole ERx2dE ZHFEHY IRQE A&3ld %522 backgroundol Al &
AUEE 3t 22 /ey AF T2 1AW L Borland C++ 3.1 for DOS 37
AM AxEHRow 2Md £5 L B, programmable gaing Z2AHE £ Yxm
HielEelE Hd 128 E9 HF (0 - 40952 #E3td oz Fyz &8 gAdo 7
EA7e 98& 3. A9 3YL Scion Image TEZ 1P A import 39 23+
FHoZ HBAAA A48, PCL-812PGE bipolar Q43 9He wolSolA 5o
Aoy PMTE AAHoz (+) gore £8€elnsz dolg g “Eﬂ°]"] ALt s
43 dAstAol th, e T2 WS ALEEA & 9ES= A A
Holxle] 7%, dlolgl 5 2 2219 4oz Aoty 7}%2'5} 2233
< Mdstn AlE FAE3an A

4. Array AZ 2 #¥33 435 A%
7}, PDC silde® o] €% o} 42 oligonucleotide®l 13
(1) Oligonucleotide® d& 2 3FHA
3'- @do] NHy- 7|2 549 oligonucleotide® apoE &4 x}e] sy g
feo2 Axd(dd, F3)olA ALET R 4F(24 - 25mer)S Y5t AFL3F}

At apoE FAAE X AdWF 2ANZTAGW(VLDL), nHFAow
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(HDL), v A " (chylomicron) ¥ 7]A| ¥ & & (chylomycron remnants)®] &
23 FAGH orxHE I EO {KAAZEA apo E2, E3, ¥ E49 371%
isotypee] &A3tu], ¥&d {3 w2} hyperlipoproteinemia, hyperlipidemia, 4
a8 28 53 Aol e HeE d8Ad o] HFF isoform? Ado] w
TRE FHAoIh. ofrl F2Ho] Hol QA gL UETE LYPive T7 T2
B FHd 3 Fst= 23 mer (5'-TAA TAC GAC TCA CTA TAG GGA
GA-3)E A3t A&t

(2) 23 &9 A

P33 TAE JIEE o] &3lo apoE ¥ T7 €819 5-0OHel fluorescein
< =Y ¥4 &gl E ¢ES FAF S 0.1 M sodium carbonate buffer
(pH 9.0)°] 10 - 100 pmol/t FEFL 2 x<U IS 1 A S PDC Ay £gol=
g2 mojazgslor HLE o A7l WwHdE uAHs AR Y
o 2de HAHA 2L HolA &8 6 mW, olg2a A3 4 A
AARL 1682 sttt 29 3-1-17 (A)9] ZFAoH s 2L 59 gydads
AbEERE AF T7 &8 nvo H)3to ofgl $2] & 3vjr} o 24 Fx ¢
o] 2SS HAF1 Yo 28y 99 5] HE AEE SIAT dxL
of via] 53 A FTEo S HAY £+ gldlen, 28109 1A
e 7€ Hhe HH3E 2 R 1mm0blhzatlon chemistry ] 7jro] o) $ A
Asitti 24

(3) Oligo-based array® hybridization & &°] #3 13

EB5A9 34 A XA (nonpermeable rigid support)e] A EH Luniegt &
442l DNA # 3t hybridizationo] dolyA g7]4 Q2 5°]F<¢ duplexs ¥
A3te £&2 254 d7IMEHd A, 8 AFT Y salt ¥ T 2@ ¢E
of A A Z} SejuviEo] ot FFoZ mAHY YA oE IAA FTF
< ¥e ZoE ¢dHA do. EFEA M FEFdely Ezzdd ¥E
Aol AH g E FA4S vrste AS g ave FmIt UE FolxA
steric crowding®l ¥eold A X o|X] T ammonia deprotection #A oA AXR7}
ggsch?). a2jv vg DNAE 4 v $F3H spottingstes wWaoz 3
S AFSE 25 S8 T2 AAFA A 2ol F = Ut

2 A el E HASE= spacerd Zo]7} hybridization yieldol ©}$
Fastths RS olv] Z R ApAHolch8).  Spacer’t ZAAFE yield7t &
Z¥sttdzt HZF Zolg 2B 238 Faded, o AL Lyzur
spacer 08 TA] £3]7] o2 ZEolg F o} B A7 83 27
2o Y W= sjlaned} PDCE o] Fo]R 23-atomd HH o= HA
3 6709 dA(T)7F & A 8fok hybridization signalel U &kd Aoz ®mslgch,
a8y 20-atom9 JAZ FEIUE AT Yohb,

Differntial expressiong @3t 20]= ¢cDNA chip® %S+ arrayg ©|
¥ DNAS9 Zo|7} A7l W&ol AAAHA Tmel zpolrt Bx golr F A4

1. Mark Schena, personal communication.
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E #E 27A(9 %, €x)9 A hybridizationd 2 wash3l=d 2o & Eals
. 28y &2l arraye Z /HE A Q oligomerg2 Tmeol 234 ©Z7]
Y& HEE Tmol fAE HHAAge E0jex=2 3 AAGANA azxd & 3§
ofF g}, 53] A WHol/FE dsr] e FH2 3 7€ Aol o
g helix destabilization effect’} # t)$}&} % = hybridization @ wash 21 & &
H3les Aol Aol o}z o]Zwte 2 hybridization AL AWen AAE
e AL ol$ o Aol '

1}, cDNA array9 =iz

pUC19 ¥Ed ZF2YY3 AP GElEEN cDNAS pGEM-T easy % E o
22493 apoE3 §HAE AT =4, ¥ AHAF FH 3X SSCol 59 0.2
M, 40 nM % 8 nMe] &d& THE tE microarrayerg °ol-g3td 4 F8%F 10
X 3 arrayE A &3}, Fluorescein® 2 XA & apoE 3 €8 2 (50 nM in 4X
SSC, 0.5% SDS)E M A 42CelA 3A13t &<t hybridization & ¥ A4 0.2%
o] SDS7F &€ 4X SSC= 13 AL g 2949 39 o 71 =7 &
plasmid &Ho=2 AL gpotdl 3AZFde HAAAMT FF As7 dgon
hybridization ¥ washing &3] 33} =X Folry 1AZ}H F F/H DNA
25| 4 nonspecific bindingell & #FF A3/t HEHAJAH=ZE 3-1-17(B)).

t}. Scanner® 7NA AHE

049 mm F o2 AL fluorescein-oligomer® microarrays 2=MY 3 A=
g 3-1-18° JEtWUTE A ZF spot EL #5F A Z Y YA T =~
MEE 8t @& FAde X & 43 7ol dAHsA ZA ey A, o]
2 YL A/D conversiong A #H3}E EAH F2(2¥¥ EY FF F2E
Abg)e] HA kA o] X-stage’l A A “a““ﬂ olFsle At FH3 AXA}A

27l dZeltt. 7HF vl AR AHe FHAEFE e FEAOA IFH X AR
& feedbackdlE AolX| gk o] 3 B E o lmear scale2 3gtol uj$ wj Holt,
o714 AL 3E stages AW £o02 FZEA Hol gle BLAF Y-mlud )

2 A&s3 YgE Zo] BADol o8 MM A U= 4 mme LT
2 2355 AF A29oz Adsn 2ol BM slol=E "ol A FHPA
& FAAZ X-stageS AF FIAFT. B 232E AgdE ha A o F
Azlge 2 M5 o Eolol 27Y AR 2Y 4 gome, AHP T
WA 50 WE 289 AC NE ZEHE FAT Aol nnsixe wyoz
Y-stage® Aj2o] AzsgEd o WHgogE 1k Fao] BURHDT A€ Y
REE a2 A8 Y AZolth =3 X-staged TEL Yo FHE AFA A
B EHE ZTEEY UF sdololM &7le) PC 8§ =EH Aolvls Wa glow,
ARG 8192utAe d@CZh 28 7] WE ABHE 2HUe HAE(PAG
10 mE S748ts 9459 452 9 Aoz Ay

d 7ledHy 94 232
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Post genome Al A2 A7 platformeE 533 DNA chip 7l&€2
ALHoz wd A Aok 7|BAH S E microarray 71E< DNA #3719
hybridization®l 7]¥+& T3 9o 22 duplex formation yieldd Ztie ¢ 7]
¥ mismatchel ¢]3F duplex destabilization 3} % @& A| 2l hybridization 719 o]
BFHoz Fojof & FAFEC 2U=E HEEY HE 7Y HolA = DNA 1A
Zl€e] HH¥st € M2 AAAL AL, FF HE LA MAY Fo| HAs|k
& Aol array format# dojg A FAe FTFS, B AZEY HAFY
3}, diolg wlolx9 TH T & F array datag AAYoE HFAstn B4, &
£3l= Weto] mAHojof & Aot}

A 2 A : LDH, AST, Glucose =44 #7]8 34
Fory e wolo MM A

1 olgH w7
P Faz] Y

gk Hto]o dlM gl tiFAALE A ol&d FHAA7]H (thick-film

2 dFoA 7Y
technology)2 A3 HEHE A3 meshE T3l screen-printing®] 7153 pasted
Az BHAF)I o]E FuAzt 7] H(base substrate)dl HE, AAIPo=ZH HAF I
ZHEE de 71U S TETLIN0 o]9} o] vAXHAINRE WEV] AT Vs ol &
gozm L H5L Holx uo|o e tgFgite] 7H5stA HEH 222 ol& xHl

ole Ao F48&3tE AT FTHA 84 F9o vzt & 5 ok FHAAIHY 7]
B34 paste AZ, printing screen® design® A3}, printing, dryihg == -sintéring.?.
2 3A d¥ol2 5 e oFAME 53] pasted] AZ THol T8 53] ol
2AMoA HaF wgE ui/fEtE AAMEZY nHIY $8&8E F A polymer-
based enzyme paste?] 7iZo] 3 A7/t AFHALE o|FojA 1 of.2425202D F 7
A AMEr2e s XNEF7A ¢ A working electrode® inkol £ E = bindere A
Zukeo Wad &4 7|27 NAD 'S 28 ZE4AE AT R nAFHAL & lojok
3loy, F Al o] ¥ biological entityZ} HZoll intactd3tAl A2 & JTF sof ¥t
olvet A UIGED] IFEHOE o]F 3t ARt S dod F UEE AI7Y
o A4Ae] 2Tt - |

1}. Amperometry

-~

4
X
o
™
)
ot
oL
2
R
2,
S|y
)
2
Jot
Iy
rir
rN

Amperometrys ¥ 159 Zrle =Hss da

Z2A B dAFelA MEstaz st dteledlxe §4AFAH deElol7|E dttt. FH ol o]

45 #7188y A& d7/l working electrode, counter electrode, reference

electrode®] 4AZA2 TAHC. Working electrodedl = SAH WA E D tis) SolAd &
al

2= gAY 7F 52 a2 A He gaurso] o] A" HAFHYED] A7
A A3 398 85 o dex] AZTAHAE2Ee EA So| amperometric B}
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ol MAl 8] A|Fe] FQ% ZHo] Bt} Counter electrode¥™ working electrodeol tf 3}
VS L JHRA HE AIRY AFe TR HEEZ drgAo] gdon Ay|HAEAol
2 AFEZRZ AP} Reference electrode™ working electrodeo] dA3 A7t §A
HEE 3l %L impedanced 9& o] HF ZoZE AFI 52X LA o
Reference electrode®+ SCE(saturated calomel electrode)) NHE(normal hydrogen
electrode), Ag/AgCl electrode%©] F2 A}&HT Z+zb FJdizdoez LA} AYJAE 7}
oz A AFHYE A7E 5 A Hot olejd FAe AF AJ2"oA] aAn
€ 52 53 AA" AVEAHEEL working electrodedi Al A3l 2 #Usn] o]
BAAE HAFE S48 AE Y SHUGEZDY FEE & & A €0t

o, A7ty ez Z¥H  34-dihydroxybenzaldehyde(3,4-DHB)E %% NADH9
electrocatalytic oxidation

NAD'/NADHE 300 #°] Y+ dehydrogenase®] &4 F o|&FH1 glo] o 3}
&gy EAo tid AT YAFH AFEHULH, vlo] A AL i ¥ &
AeHoz A WARAE LI AF7 o]Fojxn gtk NAD'S Fdw g
NADH®| 4tslitg 25 7351814 sblo]@ Aol o] 88 4 oy NAD'E #dA12
BeddE AR EAFE AL T #FYo]l FuHtHIDZE nlo]2 MA o= NADHS Ats)
g dElE HL&stEs Rol tiFEo|rt30R) a8y, NADHE d7|sigx oz A3 4H3A
4 AL, vz 52 Ao AdstEHe EAE AU o] A EZY AHEY 7t
A& viAE 5 glew, NADH 43t A] ABAEE NAD radical®] Aso29 F3 F
o] Bukgo] o3 AIFEHN So] EAHoZ XFHH gom oz A HIEAH
A, AT AAHE, FAHZH AAH Fo] uiole AR HE A T2 270 HE
o %}aﬁq.%)M)%)

olelgt FAHES sHEsY] sl B 77 JPHo] Fed, 2L FAAE E3I
electron mediatorll #& <A77t @ol FAH AT NADHS electrocatalytic
oxidation®l E#HHQ EZF R o-quinone A st Eo] gEHolgtm & F A, 218
1} o]2{ 3 mediated electrode= electron mediator®] F&ol <3 nlo] A A
operational stabilityol]l ##3F EAldo] &A3}1A] = o]40), electron mediatore] H=Z W 1
At sl w2 A77t IAHJY. 2 o2 Kuwanast Tse F9 I7A=
1,2-hydroquinone©] covalent attache® pyrolytic graphite =9 NADH Atslo] i3k
catalytic activityol] @] | F3Q 24D F 2o glassy carbon electrode A A7) 3}st
Hoz2 FY¥H 34-dihydroxybenzaldehyde®] NADH®] electrochemical oxidationol t 3t
catalytic activityoll ™3 QAFZATA7t Pariente Fol & Bt £33 FHIZoe
glassy carbon electrodeol Xl M 713latH o2 F39 34-DHBE o] £ 3 aldehyde ulo} S
A2 7} NAD -dependent dehydrogenaseE H-& 3% model case® B I H ]t

N ok

2. 48 ¥y
7. Aok

L-lactate dehydrogenase(LDH, EC 1.1.1.27, Sigma type XI, from rabbit muscle, 850
U/mg), L(+)-lactate(lithium salt), B -nicotinamide adenine dinucleotide( 3 -NAD), B8
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-nicotinamide adenine dinucleotide, reduced form(g8 -NADH, disodium salt) 5 Sigma
Co.B2HY T4 8t 15 o] 9] 2 A 273 alo] A}-&-3t ot
3,4-dihydroxybenzaldehyde(3,4~-DHB)+= Fluka Co., hydroxyethyl cellulose, ethylene
glycol, graphite Aldrich Co.olA F#13 AL ¢ olAte]l AANA Qo] AL&3IFEL. o]
9ol AL&3% 2 E AL analytical gradeE o] &3 on, ZE solutione ©)A =4
£ ol &3t AxFHATE. AP o] &% supporting electrolyter potassium phosphate
buffer(0.1 M, pH 820)8 o]&3}gt}.

1}, Instrumentation

Screen-printed thick-film electrode® A|&3l7] ¢ 3 screen templates U] EAAME
e FEAZSIA o] &35 929, screen-printer2% 7] ¥AHALe] MSP 150M model 2 A}
&3t , AZE vlo] L o] thE voltammetry, amperometry A¥ 3 AlA® LT
Bioanalytical Systems, Inc.2] CV-50W voltammetric analyzer& A}& 3}ttt

t} A8

F94a71HE o83 wiole A9 Al PRI screen-printing inkZE
Acheson colloids®] Electrodag 427SS(silver ink), Electrodag 423SS(graphite ink),
Electrodag  452SS(UV  curable dielectric ink)E o]&3ta9th. =3 Ag/AgCl
pseudoreference electrode®] A2E $ & printing ink= MCA services®] Ag/AgCl ink
& A&t

2 2" 2el A

Z12Ad5& AR A& 4 polyester 71 #< 100 mm X 100 mm Z7| 2 &
ethanol2 A& % conducting path2A silver inkE print¥ & 70C ovenolA] 30%
T BEA AT o7l working electrode$} counter electrode®] base?} =& graphite
inkg printst 2 WPo2 FdAe st tA] Ag/AgCl pseudoreference inkE v}3t7}
AR A, AFHog Ao o3 F&el 715 % dielectric inkE printd L o]
&€ UV crosslinker(Spectronics Co.)& A}-&3to F 5} th.(figure 3-2-1)

v}, &) A 2 (working electrode)?} =) &}

LDH biosensor® 2#¢# =& graphite powder®} 3,4-dihydroxybenzaldehyde
(3,4-DHB), L-lactate, NAD", 28l & polymer binder S22 TAEUT. A binderz
A hydroxyethyl cellulose(HEC)®} ethylene glycolEG)S z}zZ} 2%(w/v)$F 6% (w/v)el
F%XE7} 5% potassium phosphate buffer(0.1 M, pH 82)o] 3¢ ¥ o7} 34-DHBE
10 mg/mLe F=7} HEE §3AZt oA Ful® €94 0.3 mLol graphite 200 mg,
NAD" 150 mg& #FY3A 2 #HojF ¥ 7]EHF9] working electrode pad®l print3} 2,
ol& 4T, 7Y ZuHAA silica gel& o] &3t WRAZHTY AZE AZFe] oA 500 mg
o] L-lactate7} T d3tA A 2% HEC 04 mL-g printdted vla7tx2 ARA)7]|5, A
2t AL 4T A ¥ n@sisoh
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8t 34-DHBE 5% d=9 33 34 59 7533 &3

Voltammetry 2} amperometry: total volume 1 mL2 & A Z ¥ reaction cellol] A
FHEHJAT. FAHE doitd Az vlo]le MM 9 AYLAE 7IHE ol &8 It A}
43t¥en, RE AL FLdAq FAHJID supporting electrolyter= potassium
phosphate buffer(0.1 M, pH 82)& o]&3lgt. wW ZAHAFE A, -200 mVelA +300
mV(vs. Ag/AgCl reference electrode)7}A ¢ 10& 3t 50 mV/s9 scan rateZ potential
cyclingg 8o 24 34-DHBY electropolymerizationg =3t FAwg Az A
A5l NADHS® electrocatalytic oxidation®] Z 33 FHE A=L WP o, glassy
carbon electrode®] A%, 1 mM 5%9 34-DHB 3slolA 22 Wyoz o]Fojx. o
d AlEe 2HE& T amperometrye] F3 Aloe W#HyE A +150 mV(vs.
Ag/AgCD9 AYLS A7tslgen, o] w LA3E residual current’t A H7IE 7o}
d F AREE st BAste AFE SAHSAY. FH g 24E o FH A A=
o] gkEo] AL&& ATt

ol3l F7|HE BE AYL Ag/AgCl reference electrode tB] 2 3 7)3} .

(‘lo [
X

&%

(| 2% % nZ]
L FHAA7HE o] &8 72159 Az

Screen-printing 71'H& S 3 vlole AlA e A z2E 98] 22 screen-templates 254
mm X 254 mm Z7]¢ 7FE E3ZFe 15 N/m9 #AH & 7}3 stainless steelZ A 2= 91
om, screen template pattern& A7|3t8H A g deg ol&HIT J three
electrode system(working electrode, reference electrode, counter electrode)2.Z T4 &
= AFE vole Mo FANZFAZLY EFHo RIPHEE 1t AolYh, HEF APA
Fo 24 silver conducting track®] Zeole U2 ABT F 8 mm AE #A AFeA
T, ol Hlol2 MM E o]l &3 UAFEAY ArFgey A A &9 silverd] 3%
noise® A A3sH7] ¢ &oltt Screen® mesh numbert 1659 2502 2 A ZstP =), o7
4] mesh number@ 1 inch @ &A3= U9 /I+2 mesh number’t E5E 1 33L&
Ztol A 31, mesh number?} ZE&FF FTFE AXA "ol olgA AFH ulo] 2 AA 9
d & figure 3-2-291 YEFAR L

2. Glassy carbon electrodeol ] #7138 02 deposit® 3,4-dihydroxybenzaldehyde
(3,4-DHB)°| 213 NADH®] electrocatalytic oxidation

Screen-printed carbon electrode®} %7 carbon-based electrodeol| 4] #713taty
Fof - o] o] &5+ glassy carbon electrode® ©]-&3%lod A7|Edd 34-DHB7F &Ank
¢o2 MA4Y NADHS Atste] uxe J¢e 2AEG T

34-DHBE M &3 ulel o] glassy carbon electrodec] Z7|8tstx oz FA 7z
ozt FHFZ AHI} ¥ 34-DHB7I E°iUA] & potassium phosphate buffer(0.1 M,
pH 82)al A< cyclic voltammetryE Z3l9 W& E glassy carbon electrode?] 7 7|3}3}
2 Adae golrstth.(figure 3-2-3) 2 ZAF, -200 mVelAl +300 mV7ZHA 2] potential
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cycling€ &3 34-DHBE &A%l 4% background scan3 Bl sl & o +130 mV
ol anodic peak(Ep)7F, +90 mVolA cathodic peak(E,)7t A HE R #olstuc
ItF oz ol FHA ZHAA Fito] 7k A%, quinone AE FH§FEo] 93 NADH
9] electrocatalytic oxidation< two electron transfer #3& AR 7] W&o 4E, g
°F 120 mV H=E& el olo] vjd] Ao nAsHo] FAalo] Brlsd A7)
24 242 A9 09 77 4E, & YElUA A9 B A" A3 AE7F 40 mVE
A 0T & #oleu, 120 mvel Hls) mj$ 22 gte yehdo] 34-DHBY A7 =
e AFE FUE 5 AN Scan rate?] Wale]l W& anodic peak current(ipn)e H3}
E BFT ZH (figure 3-2-4, figure 3-2-5) scan rate7} Z7}3el] wat i,7} AXHo=z
F7tsle AoE =W, ol 34-DHBOl 93 ®18 ¥ glassy carbon electrodedi A
9] facile charge transfer kineticsE Wr9gsle Zolth olgld ZAIYSL ulgtoz -200
mVel A4 +300 mV7tA 9] potential cycling2 3} 3,4-DHB7} glassy carbon electrodeoi]
233td AE AP 5 A2, scanningS g8 W £33 Fo| = voltammograme
W A Qe Aoz vFo] ¥ o, 1A3ld 34-DHBE dAsd A¥xAA A
sHA fFAHE AE #FE 5 duG '

34-DHB7} 7|5 %4 glassy carbon electrode Aol 4] e] NADH® A 7|s}sta A 2 o
A cyclic voltammetryE& 8] A A3, figure 3-2-6914% o] NADHS2
electrocatalytic oxidationg &< 4 9lAth Background scan® H| W3t B o), of
+50 mVF ¥ anodic current7} 2A3l9 anodic peak current(i)’} ZEZHJo o, v g
Lo dF HART A9 LA FL& AL FAF £ AUt olE 3§ glassy
carbon electrodeo] H 7|5 d 3,4-DHBE NADHS® electrocatalytic oxidation& ufj 7} &
< BEFY F U¥en, FEFE HF/H Hsl”Y NADHY B5o] dependentd R
NADH®] Atslo] o3t AFAL AFsH .

ojHF AAE wlBoE FAVE AR AASHE NADHO #7383 Alste] s ®
FE AHFo] mAE IFS RAEAY. o€ &, 2 mg/mLe NAD', 3 mg/mL9]
L-lactateE supporting electrolyte®] =< ¥, 34-DHB7} A71F 3= glassy carbon
electrodeE ©]&3t cyclic voltammetryE 33+, 2 ZH#E Figure 3-2-79 U}
gt B4E A7M A $9 voltammograme I ¥ %S A9 voltammogram}
vt & o §45 H7ME F$, of +50 mVEE ASAFI SAs L, .9 =Z 3
A i a7 doivds F, A< NADHY electrocatalytic oxidation®] %4 =
2 & Ao wHA E49E Ay MAHEE NADH 94 34-DHBo) o] wigs
glassy carbon electrode®ll 4] electrocatalytic oxidation& ¥dozlo] EJAEHUETH, ol 7]
ol BanEHAYE AFAHAAE AR Aol®, =3 screen—printed carbon electrode®ll
W3 34-DHBS H&7b5A& AASATH ' :

B o 4

N

3. 34-DHB7} A71%5 %" LDH &3 & thick-film electrode®] H7|3}3+3d EIL

Mg vhet Zo] LDH %4 § thick-film electrode screen-printing 718 & °]-& 3}
Ay NNBAFT Yol conducting material?! graphite, 49 Y12 @ zF Aol
34-DHB, 18|11 o]&& E#HH o2 14T 4 A+ polymer binderE 432 working
inkE printdte $Ho2 AZATh o]l#A A ZE thick-film electrodedl A ¢ A7) 3}3t
2 BEAd Ui AFE syt

-200 mVelA +300 mV7tA S potential cycling& &3 thick-film electrode W2

b
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34-DHB®9 nAH3 = ZAAE figure 3-2-84 JYERAT. 3 A scan Alol= +200
mVEE A AdF LMol FZ3] Frtstd oy o]F scan 57t FIHEA wel A
ZA8teE BT A4, +160 mVel A= anodic peak®], +100 mVolA & cathodic peake®]
HAAHoew F7tete) YA scan olF EsHE IFAE B & Uvh. olHyF
voltammogram< scan 9 F7lol| wal AF U9 graphite particle Sl HxH o
2 34-DHB7} Ar|Fg#S 53 nAsE A A, 2A43ld 34-DHB7 A71384 At
3-89 W&ol W J1gAdE AUz S8 YFFY. Thick-film electrode®] 7%,
binder component® ©|&=+E polymerol 213 charging current®] % 7}e} roughd}ii
porousd HAZHEWHe| 7]A3F specific surface area®] 7} Fol| 238), glassy carbon
electrode ¥ 7|EHZ3 vjws] AvrAH o2 currentd =717} 2 voltammogramS <&
4 AUt Scan rate? 7ol W& anodic peak current?] W3S ZALE A3 (figure
3-2-9, figure 3-2-10) anodic peak current: scan rated] ¥z} o=z dlHsle A @
2 £ AAEdH, ol= glassy carbon electrode, 7| EA= T3 vl 7IX 2 thick-film
electrodecll Al 715 &S 53 A 3tE 34-DHB YAl facile electron transferg vii 7l g
e AE BHAF1

3,4-DHB7} #7153 T3 2439 thick-film electrodecil A1 2] NADHS| A 7|8 st3
EMdZAE $§ cyclic voltammetry 3] ZF(figure 3-2-11), 0 mVEE anodic
current?7} A3}l AJFEle +160 mVelA maximumo] =93 2.8, cathodic peak
current®d] 7§ VA3 F4AI AE FFF F AJW. EF anodic peak currente
NADH &Xol b3ty FEHE RS #AFY = gUd=d, o8 FT3 B4
voltammogram-S NADHS®] electrocatalytic oxidation®] &3 Aol Y=Yt

4. 2713}84 thick-film ¥lo] LA E &% LDH =9 &34

Eavg 23 AAdE NADHY A 4rshAb2 thick-film electrode Woll A7 F ¢S
23 1A3¥ 34-DHB9 anodic peak potential¢! +150 mVZ A A 3¢t LDHS ¥ &=
2L ¥rg ¥y 1 mLe €4 A ZFH reaction celldlA] o]FojFom +150 mVe 1A
A¢E 718t residual current’t A3 H71E 7y ¥ LDH A8 E H7lsle] @43}
= AZAFE FAHsle WA oz o]Fojxlen O AFRE figure 3-2-12¢ YEIA T

AFelN & 5 Yol 50 ULEH 700 ULAX S $Ed9cls A5877) J44
7

& ol&sle] 5¥Y FHAed, THAM £ & UKol FE deviationo] #FHHZ
o2, AZd ol e AP HAoAdS FAE F UM
A3 A ANEY BARAY @It 54 AT

(7702 o]

2 gardd Jled A7 243e AwtAHe 3A8 = (working, reference, counter



electrode) A 7138t A& o] &3l 335t reference A= Ag/AgClE AH&3 1,
counter= Pt wireE AM&3lAth

Gold (Au)= polycrystallineg AF&33 29, STM (Scanning Tunneling Microscopy)
imageE ¥¢7] 939 FHFZI & FEHH JE Au(lll) HE ALY Au(lll)
" f8 £= Mica 9ol 4332 Au polycrystalline filmel H; flame& 713l Qi th.

AP AH4H thiole ALdHeZ 74 7M5e AFS HASA F vpE AL AT.
2 29 9o A7 Y DEASE (SAM, Self Assembled Monolayer)S thiol &
(1~5 mM)E 3 EF 9o 527 o] HEFAIA dRan, doiF thio/Au SAM2 o
2 AEe Y 33 FHFFE F3 FE3 AT AFE pH 7.09 phosphate
buffer (20 mM) & £ stolA st on, Frte] AAAHA L YA ¥}t Cyclic
voltammogram< BAS 100B (Bioanalytical System)2 ©] &3t d%lew, STM Image
£ (Topomatrix TMX2000 SPM)& o] &3l At Fola ATl E Chip® H7]38}EF
74 striping voltammetryE $38td A3t}

o~

~

A7 Az

ik

kg
1. 4+23
7. A7) 29 9EA g #g dF
(1) & AFA 7] 29 G2 9 A4

@A thiol ®A7h FEHA duht % FASE sbel  WisiH  Lolmtth
1-dodecanthiol (CH3(CH2)11.SH) ¢ NH.PhSH & Ztz} dlg&dl %<2 o8& 2 mm &
diske @745 A7NZY 222 e FPAZ F Fe(CN)e' 7} A 2A 2 EHA A
A Aol Hlexg BaAsA F BHANAE Fe(CN)® 9 FF g &5 vjma @
ZA AFHgo] NEH oz dojuyz gl Fel vld) thiold] 7] Y dEA Lol &
A YE ASE 9otz oz AIMgo] dojux] gegdes HE o83t HE3A
tho, 19 3-3-1 oA o]g} B A S e E3 thiol A9 Zol7t A5
o Az Ag H9EE oA AdoE Ax & 5 UG

e

(2) A71 2% &2 ¢ AA7 2@ € 5 e thiol §4

o)A 7R g V&S AT BAEAE AF ZEH A= EHZL & A5
RALAE 42T 2 2 23 a7l Asgtdo] =5 ol dalide FFGeA FUdo
B dFoME A7l 29 a@a & AAE 48t §9& 8o Cytochrome ¢ ¢ dAE
DP3E AE Golry] YT 7z AYPLEZ YEE thiold FASAH.

(1) 1,4,58-Napthalene tetracarboxylic dianhydride (NTD) 0.56 mmol® 4-Amino
thiophenol 0.56% & DMA(dimethylacetamide)ll =< ¥ N, condition o}zelA Z7}3}
o 130ClA 24X 7+ 5 7 3o, 7 39] Diethylether® Yol ¥8&& EW i acetoned
ether2 283 Mol FAA filterE 3l A= 4L de 33 2 thiol product(1)&
drh(2d 3-3-2) 'H NMR (CDCls /Trifluoroaceticacid(TFA)-d): 7.3 (d.2H), 7.7



(d,2H), 89 (m,4H)

(v) 2-Amino ethanthiol 1.12 mmol€ #Z& %Yoz NTD 056 mmold HHEA]A
imide <%l thiole] I+ HFE(2)S FAsAY. (¥ 3-3-2)

o]¢} 2+ thiol-terminated oligomers¥ gold®} 734 Z2%3tA imide groupS DMF
solventol A 171W 270¢) HAAE 7td” oz ALsta Qo). olA7A F2 AFHL
imide film® long alkyl chains& ©]&3% flexible compounds@ oy o7& 19l
4-(tert-ButyDanilineS ©] 83t imideE © %ol AAFEZN rigidityE F7HA71x
electrode®} electrophore A}°]9 electron transferolAl rigid bridge2x ¢ S &8 <3}
=i £& &¢FH 8 4 Ao} 1,2004 C=07} &A= radical-anion form& &4 38}
Hed o] wie] A3l &Y A Ao A Cytochrome ¢ 7} monolayer $1ol X34 = A of
W ggg FA AV BAHE B

(=) Perylene 3,4,10-tetracarboxylic dianhydride (PTD) 0.56 mmol 3 2-Amino
ethanthiol 2.0mmol & NMP (N-methyl 2 pyrrolidioneo] *< N, condition ¢}z 140TC
oA 29 < WEAHT. A7 F4F HL PTDY solubility?} £A ¢gor2=z 5 &
AL 471 Heoll F838) s5o9F H $HE&E JYA Ak @0 =T ALEHIF AAAA
% oW imidization®] AHWZ Lotz X1 side reactione] VPHEZ o] He A=
zA& ok gtk §4E 2213)L *C NMR# IRZ &2t

PTDE ol&& #§Ao 71 F8% FE& doAAME AHFPKl & X s FA
o &4 ¥ product® 7Z-$E monolayer& 37 A= YA solventol] =ofolsd}
€ TFAdAM &% Zete ol FAlolt o|H & sjdsty] % wPe= PTDY 3
Z o] SO3E 9ol solubilityE FAAFIEE AT old st g4 o=+ PTD 1.02
mmol# Taurine 0.68 mmol2 DMA®Yl =<9 NaCO% pyridines ¥ 32 A #9471, 10
0ColA 3lFF¢ weAA HELS M9 product(d)E LA (2E3-3-2) Perylene
derivativesell = #A 7|71 47014 9le 22 NTDEU £ <A $ redox center24 2ZH&
g 4 7] d &) thiolg X%3ld monolayerE WE %, o] A =3} monolayer, solvent
Atololl A1 Cytochrome c7} oJ® JEFE 3 & F JA&A7 FEAG

2. Cytochrome ¢ ¢ #7188 4d 43 % Spectroscopy AT

dolA F HAFolA thiol ExE T A7l 29 g F& JAsE Zles d%
% Cytochrome c$® ZAFAlo]E& <AASE modifier® 3-mercaptopropionic  acid$t
4,4-dithiodipyridine (PySSPy)& o] &3t a3t

7}. mercaptopropionic acid $ Cytochrome c¢ (SAM3 Cytochrome ¢ 3¢l A A7 3

FEEE)

Heme®] i# &< hydrophobic @] Eeine] Qi FE&A &= R A
A BAA 006%EA g A, a8y, &8 FRoe B 9 lysineold o]
worel -NHzoll 213l pH 721 buffer & Mol A positive MstE = A Rt wdabx] thiol#
9] g Zo] negative AstE 7tAE EAE ol £31W electrostatic 3HA AEE ATA
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2 4 QA "Ed’ B AF9ME  3-mercaptopropionic acid (HSCH.CH;COOH)Z
modifier2 o]& 3t}

HA o &h& £ Ao 10 mM 3-mercaptopropionic acidE =< ¥, piranha solution (7:3
concentrated HoSO04#/30% Hx02)2.2Z AFHHL R/7IES ¢ A7 ¢Foly 75
2 polishingstd AR & =S 3 Al < @770 83 7] 24 G&A 4&
HAAAG AFE AdEEE FE3] Ao 5 44 mM phosphtate buffer (pH 7.0) <9l
30u4M Cytochrome c7} & §Heol] S7FFATt o2l &3 FAHL 204 Bt 4T
o] A LoA & o]FolFHr} HM=ZL overnighteZ Y131 AWo] 44 mM phosphtate
buffer (pH 7002 %3] A1 o] buffer &Yl A cyclic voltammetryE #FZ3A T (2
¥ 3-3-3) 9714 Cytochrome c® X =Ate]E thiol A& #7] =¢ watEo] gy
HoZ HAE AGAA Astgdo] dojds & & UAT .

£ d £ M Cytochrome c® formal redox potential® B3] B e 45 mV A
E negative shiftflcdte ZAL ¢ 4 JAth ol F FHET:= Fe& Fu9
Cytochrome c7} anionic ¥4 ©f Z83stA A3sl7] w&e]tk. Membranous anionic
EHolA A= d larger shift7} doidthe AME S £ of COOH7F 2# thiol®] A7)
%9 99%3Fo| biomembrane model & electronically controldl=tdl £ FH7 E F
A th6)N48) A Fo A T3 cyclic votammograms©] Laviron’s modelol A o 3= o] 2] &=
ol B¥E YEMX 2t AL film defect sitesol 71213 adsorption distribution
ol 93] peaks”} broaddl A 7] &< A 2o}

. 44-dithiodipyridine (PySSPy)¢} Cytochrome c

4,4-dithiodipyridinex 3 A}o]9] ZAglo] HAAXHA F4 IFAFE stA o 9d
Z2o02 wdd ¥ pyridine?] ZA4olA Lewis baseZ AL AFstHA  Cytochrome
c & AstA "ok 50 mM phosphtate buffer (pH 7.0) ol 10 mM 4,4-dithiodipyridine
3 30 #M Cytochrome cE& ¥ ¥ AFE F7AH 9714 F92& HL2 modifierst
Cytochrome c& Diffusion control ¥t Holth, (¥ 3-3-3) 2 &S AlArsld o=
Do=4.07x10"° cm?/sec2 4 o] ferricyanide Do=7.78X10° cm’/sec 2| 1/190] 73t
#elth. o] & Cytochrome ¢ £&7F #AA 83 ol £x7 =g7] df&oltt..

t}. Cytochrome ¢ 9] IR 2" EH

HEY LS 2L BxEY Fx9 FE7]E T WEoes go ojgHolgt
ey gwAa 22 Ad BAAME signalEol BA ¥/l peaksTrol yEhdtlE
Aol et Z@ ol X-ray crystallography Y& NMR spectroscopyll A} &g 4
¢l membrane o\ &8 £9] ©¥lAe] T2E dArsed 4B B AP Y
o2 B dAFdi #FAL 7/IXE R in situolA] @A 4 §H}°J°ﬂ Mg AFEH
Ao AzlolF3 FxRWSE A Wil Aol

B dFo| M= Cytochrome c& F8do 923 IR &2¥9E
stretching (1654 cm-1) N-H bending (1548 cm-1)9] peaksZ 4%}
T3t vigol & Aotk (29 3-3-4) '

3247 29 44 BEA%S B¢ o $F HAAL BH AT,
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N

2 9 ¥a Hz dgd A2 a7 Y d2xF9 L
7}. L-Cysteine SAM9 A Cytchrom c$ PQQ<S] A A& db-§

L-cysteine (HSCH.CHNH:COOH)& Au¢t s 3 FHo] L-cysteine & S7t
Agstd 29Y 3-3-59 2L A7l Y dEAZF (Self Assembled Monolayer, SAM)&
TE 4 Ut o] uf £ ZOZ aminoZl$} carboxylZlZ} $1XEA HE dl A A
23 pH 709 bufferdl A& NH g COO™9 HM3dE WA Hrh ol o] A2 b 4
317} SAlo] M2 W AT w, A}E 2ste HUstE GAHFTEY HA7H AR
28 AFsAh AL W7 B8AFL cytochrome ¢t pyrroloquinolinequinone
(PQQ)elt}.  1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)E&  A}&3}4
cytochrome c$} carboxylic acidg® FfF2A¢eZ 942 & F A9, EDCE 3 ©#z
9]  amino719t carboxyl7lE& amide ZAZJLE SOl A& Hol9 F7t g§lel
(zero-length) @ Z23lE Aoz dutx oz A&t Al ofoltt

1Y 3-3-6& EDCE ©]£389 cytochrome c$ L-cystein/Au ¢ carboxyl”| & /72
oz AAF A2 cyclic voltammograme]th, 1 3-3-72 PQQ* 7} L-cysteine/Au
o] A7H AP o) AFEHo UYE 9 cyclic voltammogramo|tt. Ztzte] ¢
L-cysteine/Au ¢ amino”l ¥ carboxylZlel A#3ste] 43 &Y &S 33 USE
& 5 Yok

19 3-3-85 F$YE L-cysteine/AudFell cytochrome c& FT/FEAE AU F T4
PQR*E A7H ddgoz AFAIZ W39 cylclic voltammogrameo]t}, Cytochrome c<}
PQQ* 7t £U% L-cysteine/Aus] M2 ©& 749 ZHgrid Z2¥HA g & A3H
AAE EgHeoz Fawgg F IS ¢ F Yok

ol GRAFE ol&dte F A o4y FEVIE A GEAYH
Az o Azte] FLro] AfRH e A AE 2
g 5 JdE ¥9BI2Y AR teEdS B9 F1 ok

£ o] &3t biochipS
AL 53 FAld AAALG S

1}. Mercaptopropionic acid SAMdl A 2] Cytochrom c& &3 =z} HAgd ¥g (SAM#
Cytochrome ¢ 9 F/43h).

Mercaptopropionic acid (HSCH:CH,COOH)E Au¢®} FHZ3lH Mercaptopropionic acid
o] S7t Au EWHol AT SAME d& F Utk o W Au EHA A F (§A439
AA Z)ol carboxylic acid (-COOH)7} A ok AE 1014 A3 vpeh 3Fo] o2
carboxylic acide EDC(1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide hydrochloride)
Zaj8lol A cytochrome ¢t THZAHES FATFH(2E 3-3-9) & AFL oA A
AZL T3 & Fol SAse AXE dHAFo2Y HA AG ¥EE dAFEAC
o]9} o] oy A=Z2] cyclic voltammograme 138 20| E=A|3FH .

A7158HeA FAFo] st FY urZo] FAilel AujsEle A9 peakd =R Yo
sigmoidal¢l W Ewo] F2Y AL WA gaussianF Bl peak’t FoIXA B®
aY 3-3-10&5 7I1& 23| Bug uieh o] Hrste A &4F9 FH¥E F5e A
§HQ peak RYL BolFT Utk Aristetdel g Fol 2= Ax AL A (D=
26 57 Aol EAdE B4 $9 9 AES @ 9H £ 4, mo/em)E 7
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g+ Aok’
ip=nFY/(ARTIVAT 0’0 —================——o—o (1)

ip & peak current, ne At3}&AA o] Az} 4 R 71AA4, FE faraday 45, TE
X vE FA &5, A AT Hel, Ioxe ¥¢ A=xot

Ago)A FaA cytochrom ¢ B¢ AEE 133 pmol/em’e2A 7] Bud £¥
dx)stn ok E£F o] o FFoZRE A FoZ AAMY £EE& A 2 (a
0525 &% ¢ lon AAL F5A e @l 20/secoltt. o] g2 7|& B
kol &4 Zo|7b 1670 A7t FAS Eo met 0.7~14/seceli @4z o|7t 1170
A9 09/seceldl Hl&] 2 gtojtsmsh, AzAG wH§9 &x & T3t WEd we
zpo]l 2 Holn, CVe g9 43} peak o £l F(JENLE Fdle B¢ &
o7 FI FEG AL FE Holy ofF WE FAL XA o Fro] X
F Uz BaEe] rh B A Ao gL &L @A Zol9 SAML
2% £ %ol 2 ol F ¢ & A4S AAAR o] L HdxE gEY FE
ZH e d, oA AF WHAFY AoldA JAdTt A

)

>

=

TN o

E

o dr oy oo
4o £ a0 B e ol B

B
f

log « = alog(l- a )+(1- a)log @ -logRT/nFv- a (1- 2 NnF4E,/2.3RT -———----- (2)

Y 3-3-11la2 £ Fol KsFe(CN)eZ7l EA3tE 39 cytochrome ¢/SAM/Auc] o
3k cyclic voltammogramelth. HI & 35l I8 3-3-11boll Au ¢ Au/SAMH oA ¢
20 Zo] &3t KizFe(CN)s2l cyclic voltammograme XA|3t9th. carboxylic acid”}
£ oz x&Ho g SAMS AS £99 pHY 7.0 FF -COO & &9 A&
A 9. @A A7) 5s 8HAFQA Fe(CN) 9 2S¢ A7 trdog As) AF
SZRE ARE 7] YA g 2FeA B uie} o] Au HFolA 7Hg
o2 Yelue peak (Eiz = 02V vs. Ag/AgCh7F Algtd & & & Ut &9 Fo
Fe(CN)sS 7} A8 A9 SAM$Y ] cytochrome c¢® cyclic voltammogram® 7%
4 HAF7 AA ASS ¢ F At} o= cytochrome cE A2H HA7} &4 Fo| &)
3 Fe(CN)e 22 TAl dgso] o8 &dslr] dEoloh
o] Mdg3ly] A&l A FHY HAxAG el Wi BEAEE Y 3-3-120 =4
st} cytochrome co At38H9 A7} Fe(CN)e /Fe(CN)" Bttt o &9 A9 e
et w3 cytochrome ¢ 2 A2E HAE AD2YA Fe(CN) o2 A2HA €
t}. @atA cytochrome cE ALEd#A Au AT 28E AARE T84 222 19 &
24 AF7 e AXNA HE= Aok o] W AF we L gAF] Fe(CN) ol o3 &
A X ej7b @l welr BY peake EYE sigmoidal 2GS ZA "o 4bs ®EE9
739 FeZHEE cytochrome c29 HAAELE 28 3-3-1201 vEhd svie; ol
Fe(CN)s" o] B 49 g 7] "o o] FoyA A &=

83 cytochrom c2 AGH AXY AL Au Fo=29 HAAAGH £q4FY
Fe(CN)$ Zo 2o @xtdgo] ZAYatA o2 ul$ wME FA Aldls Au 33 Fo=
o] Azt Mol o]Fojz A3} peak’} HAA He AL & F o (IF 3-3-13) o] H
4 z7] 2g @8R Z| cytochrome c& AFAAE A ol& T3 AzrHGo] " &
% (phase, ¥ A 3do|A= solution phase)d] 7|38 Fo= ARGl dof T &

£ & 4 Ak
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TG o] Aol 17 3-3-1201 BgZ wie} o] mpgk &= A g
Y Ato]l o 4o @& M AS, T F UFgozo M Aol b A¥Hog dojd
< &+ A

AE 194 AE% L-cysteined] B 5L 2FS 859t o] F9E £ Zo
-NHz' 7} 43 &5 o] g2 M3E ¥+ Fe(CN) 7} ﬁ%&iw—ﬂ Ay AAE
Agwe £ gleng Fe(CN) /Fe(CN) ¢ cytochrome ¢ peak7t EAlo] JEldg
g F Ut B3 FAS T @a o wal Atsl 39 AR/ 7 Cytochrome ¢ 3% 4
WHeoz AA F/EE & 5 Ud& d ols £ FolA it Aujres A9 A3 g
9 AF7L AF2 vgstes Bd FIZHAHY FHHo Y= Ao v sy wFo)
T}52).

N
L
o
[
oX
oh
Lo
s
L

o]x &8 L-cysteined] A$ AF 1oA AFP=Eo] F M9 M2 08 71578 23,
oldl &3t ME & H73lE @A Fol SHHLE HA AG 9gE dode H
qd Jd4de9 FIRE FAHIE vkl golA AFF 3-mercaptopropionic acid®] A ¢
cytochrome cZ HAtA o] dojd F tjg Hozeo] Axxdo] Yojgoz Y Iz

g F7A4sA o
4. Cytochrome c¢/Mercaptopropionic acid/Au®] T9¥ T %
7}, Au(111) surface

STM 59 REUTZE EMAAZ dAY 2 59 HEE A7 dsAe 2 Add
REHTZE ook 3’5}53) 23X FoA jon sputtering® annealing 522 7ME3 A
¥g FHE == F4 d HFEH gyEo A, I FoAA, =3I 3shy
Q HolA Fa3 & %‘-01]"1 °]a‘l§_ EHE Axste 48 VY ER 2dFHY g9 &
3 F AT AAHLE AxIIIZF 41 F7] Foll 43I ARES =EHox o4F
o] HolA in-situ EH 3t&to| A 7} w3 AlSH substrate A& F 2 3li}olt}se),

Au(111) surface® 9 712 & EYW F 71 ¢AS doz AgAdo] & F gt
AZE A1 FAE AL 713 gurd oz Au(lll) EH-E AFEs7] s
Fo ER TLE YA AR T MEs FA Hed, 1ds 2 B¢ ¥R BEeE
T 718 71, B F 9AEY olFAHE TUMAA BB L dAFFolA HHPsA o
o] 45,

a¥ 3-3-149 & EESZ of 583 7M€ Au(lll) ©EAL WL F7) FolA
STMo g #&% 2SS Uelfdch ojnjxe] 9% RBXHo] 22 AGEc] Hojm Q&
BRo= 47 29 327] 100-200 nm A= Au(lll) HgtA7r Bl Heglxe w7
Fol Az AMAE g AL Au(lll)el EH A vigol hexagonal structure©]
7] WEolvh & HF2EL2 AXFFolA HHE Wold, HH2Y AvsS & AR
AdEolt, o

A Baise oluAE dunA A= o) background F&9 F

R, AFg $IFAE ol &3, B wet Fo W} = F
O JFEol & ol '

o

—_—

Eol 43

FolA A=

oo MN
2

1. HS(CH2):COOH/Au(111)

_50_



YellA AZE Au(lll) 3L HS(CH2):COOH & <F 200 83 B71A A71x23
gddZ2e WE F oY ¢EFH FFFE HAHS AL a2 ARAA, STMeE F
7] FolA BFIFATH(2E 3-3-15) alkanethiol/Au & A Ho] FAP=2, FH )
2 £58% &A1 "Ha 2 vacancy island E°] A4 "l

dutz 0 2 long-chain alkanethiol®] 7%, I 712 F271 (V3xy/ 3)olx, 1 9
o c(4x4) 59 superstructureE °olF& Aoz &#HA ok E3, tail group o mt
oz 71X ez Wald F2E /MR ol HAFolAE B2 FHTY onAE dA
Z3At O 99U, GE2F ¢l 357 & COOH #4717 £ & AEd £
&L o]lFx R3] "WEY X 93, background FS FFol w7 WEY £

=

cyto. ¢/HS(CH2);:COOH/Au(111) ¥1¢9 EA3Fo EDCE ©|&3 cytochrome c& &
AN F F7] FoA STMLE #FEF ojujx|& ¥ 3-3-1691 YeAT ©H =t
Aol 2e vacancy island $& H ¥ o @¢d EAE S 43 a9 3-3-1573 AY
FALE olmxjol}, ol EA ®B3Tol obd 4 M nm FFY oA A AdAHE A
o)t .

STMC. 2 SAM/Au(111)3# cyto. ¢/SAM/Au(111)9] &2} F 2o &3 2 FEA9)
ARE A7) 9 A 71X -AFHA Aol "3ttt 1) background && FFol
rooz ol AASY A¥ WIZX7F P 2) HS(CH2).COOHS$ YUrbA <
alkanethiol® &3 @Y &o] HS(CH2):COOH %2 ©@d 3 B & HAH & Holg
I oAar®Eitt HS(CH2):COOHS %% alkanethiol®] ¥xth 433 A A STMO=Z
alkanethiol ¥ 2 Fo] &Eolx 3+t HS(CH2):COOH EAESL #A&F377F 93 Rol
t} EF cyto. ¢/SAM/Au(lll) A $, cyto. ¢ EAEC] widEHo] &= +XE AR F
T UL Aol 3) F7] FolA STM oju|A & d& AF, AA3] AAHHE & 949
Wl E e 4§ L, cyto. ¢ 5 AA BExEC] &9 Fo 2 729 °E F U
FA &Y FolA oluAE A o] ojHo] WS Holth ol HFe &Y Fo @7t
A STM tipeldl 2% faradaic AFE HAFA7I7] 93 tips AE A2 39T
a7k o -

> %

5. FolAd= g Chip &7

B A7 £3& 8 T8 A F9 syrt vtE o2 A Chipg ¢E AUV =
ojt}, M) E A (Cytochrome c, ferredoxin )& A7) =8 2#H&:& 9493 ofF I}
Z ®Edo- gl 7|€9 F7] FolA AlEEHE Chipde @8 £ FolA &3t
‘Biochip’ & wE7] 98l o] &d SulHA= uld ChipS G735 TH065758),
AA, o HAAZL b AFHE o2 o8 kK 5AZAE 7HA2 At 3717 &)
o He Rule A5 ZHo] 7hedld, olald 5L G Fo A EAE AT
o 2& =80 gt ¥ faradaic AF7F €2 ohmic potential drope] wh$ 2}
A2 A7|7} Zo}AS4E limiting current density’} Z7}8HAl =™ voltammetry
signal ™ noisedl BlE FALCH ol AZTA= At S5V @elA signale] B
g A w24 stHAA steady-state polarization curves® & 4 Uth, .
29 3-3-1791A4 AA FulAAF Chipe] WES BAF2 Aok 43 g =
working electrode H&#2& A9sie ©E FEo] Ao & EE
signaldl 9% & FA ¥ES FYWE Silicon Nitride®2 FATh °o]H2 ¢

(o o

¢

e Mo

ool oo 8



71&9 F71F0] ofd £dA NYE Hozg B a ofF FL3 WAl v} F oA
NA e ARAZE wiregE AU7ZFEA F7] FollA Zop7EAY E& Htgdts AE disiA
= 23T a7t JUAT &8 ZoM= HAIL connecting wire £33 &0 &5

AY g 4330 8ee doyx gu ALHE o] Fosrz FHS SHI W

FE Aol Fo3lt} AA AFL ) 2 A olF L AAs] UL &3 (A
28 A noise W errord] 8<%l H3 Ut} F AzxE Fujd AT Chipe 7H-2 A&
PE HE AHEH V&9 FuAFoZ ARHI e AFPE F U E signalg BY
F3 Joh (29 3-3-18)

o] A& oA A AHFYZEo| working electrode o] &R =EHE= BE So & A
F7F %ol 3223 oy FuMAST ER/9Y signale] Yo YA &L & F£ Ut

kA 7€ Z|EEY 68y AU JlEel SFH

2aF dxoAM = 71Ed AFHAD FojHAAZ g Ho FAH (current leakage, A
dE9 v F)E SZsted AT A2 ARd FL ALsiEH] JdE vMAAF
(non-array)® A9 #2& AYAFEALE AEA YA ez, AE F~F4umB S
A dste 271 PAHFTE 4g F JATG(2E 3-3-19)

Aze ZojH A= stripping voltammetry techniques A}
FolA ppb FEY A TE FHoI2E F & Nl A& F 2
40129 = vAES ATt vAAFT ol ¥
o] 9] bio chip®] #ztell 7lod& = U Rolo

3 AP Az 89
NO™ peak HF gt
Axe o e 3rs

rlo;_lobo

w3 mAE=se] 2 9 E 3 Azt HA)E ¥ 7§° dH AF5E FAHsl= B
A9 FH BAGC] AR UEOZ AFTHY PF e AL & F AAdC oFHL 7
AAF A Fo A7IzPete T2 FUAIAE ?J‘oi”q *33}3“51 g4 tAs A
3 E’_% F U 9rd. o] AFL vlE biosensorZ §8&°] 7}5 3o

A 44 AT L2 A5 FA
[ SF0d =]
1. Mouse 2 Bacillus Stearothermophilus ferredoxin® A%

Ferredoxine AJ A" WollA] t}%3t metabolismol @39, iron-sulfur group<
ZFA . Qe AR HAG d¥Adolrt, olgF ferredoxing ¥ negative redox
potential ZH-E], & F UKol Zd YA L3y AAE AgsE 5L F
8§ gttk. Mouse ferredoxin® 7 9+ 2Fe-2S systemo] i, Bacillus ferrdoxin® 73 %
£ 4Fe-4S system©]t}. Ferredoxin< cytochrome ¢ ¢ 7 714 B& AF7} o
Folz Hz Agd g@wAojgt & 4 Atk Mouse ferredoxind®, Bacillus ferredoxi
nf0 and cytochrome ¢ ZtZt9} redox potential2 -0.6, -04, 0.28 Z7] & =&
X2 Qe ol5e 7] tr& redox potentialZ o]-£3d ML A2 AR F
Aol 7198 F & Zolt E3& NI FF9 B. Stearothermophilusdl A el
Bacillus ferredoxing gol o] $ AFY RNe= 011“5“4
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7}. Ferredoxin 7 A€ cloning
(1) Mouse ferredoxin

MFUP (5 CGC GGA TCC AGC AGC TCA GAA GAT AAG A 3)%
MFDN (5 CGG GGT ACC TTA GGA ATT CTT GCT CAT G 3)& o]&%
3, mouse kidney cDNA libraryE template® 3}, PCRS %3 ferredoxing
coding sequenceE ¥ 3l= PCR productE ¥t} ©] PCR product& pQE30
expression vectordl 24 391 E29 ¥ moused coding sequencex DNA
seqeuncing 22 &<l & th pQE30 expression vector: insertion® ©id ©¥A
€ T5 promotor® %38l4 overexpressionAlZIth, ojw 2= wuiAg]
N-terminal®# 2= 6709 Histidine(His-tag)e] fusion®t}. ©ol2i3 His-tag<
affinity columnell ©] &3t T el HAE 4A & + Uk

(2) B. Stearothermophilus ferredoxin

Bacillus ferredoxinfr A& E243l7] 93t ojv] &y ofvxil A 4E
$ o]£3 o degenerated primerE A|#3stdth. ¥4 degenerated primere
&3 2.

1 Pro Lys Tyr Thr Ille Val Asp Lys Glu Thr
CCN AAT UAY ACN AUH GUN GAY AAR GAR ACN

Glu Pro Phe Asp Gly Asp Pro Asn Lys Phe Asp 81
GAR CCN UUY GAY GGN GAY CCN AAY AAR UUY GAY TAA

99 % primerg o]&3led UYIdA uwH ol B. Stearothermophilus
ferredoxin®} FAAE B. Stearothermophilus chromosomal DNAE
template® 3t PCREZ FZ3dd9d. 4oz PCR product® mouse ferredoxin
o] 74%9 ulasbAE pQE30 expression vectorel 24 3¥n F2YE F
A 22] DNA sequenceE Z A 33}

. i Fol A AR ferredoxin @A o] dd 2 AHx)

(1) pQE30 expression vector® Escherichia coli (M15/pREP4)°l transformationA]
713 Lo A2 HA s

cell lysis — affinity chromatography (Ni-NTA agarose) — dialysis
— anion-exchange chromatography — gel filtration — lyophilize
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Expression vectorZ 7}A 1 1= MI15/pREP4 A& LB media (ampicillin
100mg/Land kanamycin 25mg/L)%llA4] 600 nm optical density7} 0.49] 4} 0.6A}9)
7t 2 w7kA] wigstEh oW HF $x7F 1 mMel HEE IPTGE 7tetx
ferric ammonium sulfateE iron ¥FYLLE YolFUoh 1 F 4 A o] wj%
3t AEE 7000 rpme £EE 4TAA 10 £ 5<¢ 482 39 #8890
AdoJZ cell pellet2 lysis buffer (20 mM Tris-Cl, 500 mM NaCl, 5mM
imidazole pH 8.0 at 5C)ol *9]1, sonicationg E3std M FEEZ lysisAlAH A X
FE2EL AW HAE FEEL Ni-NTA columndl 7FetiL  affinity
chromatography & ©]-€3l9 His-tag AZE @¥A L 2R AAsgc 28
HAAE Y9WAL anion-exchange chromatography$t gel filtration® %3}
mouse, Bacillus ferredoxin® <4 A A3t3 lyophilization 3 Fo] B A5G,

2. Carboxyl-terminated alkanethiol®] A

Cytochrome c& A& o2 sl B2 Az g gwAdE9 7] 5183HA 53&
g7l sty BE Wi So] nAHRY o FoA M Bel dFHUAR aHHEHA
Wy o] self-assembled monolayer (SAM)elgt & 4 3t SH- group< &4 oA
33 ®E3t covalent bondE ¥Asled olE o839 tt%i SH-compound
(thioDE& & A= 9ol WA 75, o] AT 9olA monolayer& L& = JTI6D,
ojd F HIFL £ F ®EWHo| oyt Y3l functional groupg 7FX 1 A& thiol
o] layerg& °lF3 YA =B °]EL promotor2 3dlodA AT QoA Gdulzle] Mzt
Ag 4L FFY + YA U6,

o]e] gt thiolFol 7} o] o]& =1 = Ho] carboxyl-terminated alkanethiol®) 2+
g 4= Qo Carboxyl-termianted alkanethiol® % ¥ell -COOH group2 7}A a1 glof
OFe 8 A interactiond & F YL ol F o] 83 BLE {718y g A
X ey SH- # -COOHALel9e] ®4 chain®] ZHoldl wzt Pt Zolg
monolayerg %= & Atk B AFoXE ZHol7t ©gdF carboxyl-terminated
alkanethiol & ¥4 3l o).

7}, 6-mercaptohexanoic acid® 11-mercaptoundecanoic aicde} FA
Carboxyl-terminated alkanethiol & ol2i¢} #& w3638 F3l FAdstHot.
Br-(CH;),-COOH + CHi;COSH — CH3COS-(CH2),-COOCH3

1. acid
B o HS-(CH2),-COOH -
2. base

n=5 6-mercaptohexanoic aicd
n=10 11-mercaptoundecanoic acid

(1) 6-mercaptohexanoic aicd® &7l 18t Na 2% (253 g, 110 mg-atom)&
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degassed methanol 150 mLell ¥ dojzl & B ice-batholl A 28] o] & Ao
thiolacitic acid 7.3 ml, 103 mmol® 6-bromohexanoic acid 10 g, 51 mmolg ¥ 1L
6 A1ZHEQ argondtoll A refluxstRch. & £dg Aoz A7 Fo 15 ml
conc. HCI& 7}t ohA] ¢F 15 A7 &<t O reflux3dtich ¥E-g EFES oAl 4
2o 2 A3, 300 mle] etherg 7}8tiL ether®& 100 ml & 2 A ¥ 83
NaCl-§ 9 100 ml2 $HY FZ3 WA ETEL AAZFAYT. MgSOE o} A&
FEE AAFF T vacuumAElol A etherE #| A3t methyl 6-mercaptohexanoate
2 o=t} o] ester %2 100 ml degassed methanol, 50 ml 1 N NaOH#} &7
A1y 5<¢He] refluxingg E 3 Al hydrolysisAlZ k. vFA 2o 2 6-mercapto-
hexanoic acidE eluant® methylene chlorided] 9% ether® 41& £ H & Al&3}d
column chromatography S 3t A A 3} c}.

w

(2) 11-mercaptoundecanoic acid®] 753+ 6-mercaptohexanoic aicd®l ¥4 wy
%< 3} 6-bromohexanoic acid ™Al 11-bromoundecanoic acidE A}-&3}Fch.

1}, 16-mercaptohexadecanoic acide] &4

16-bromohexadecanoic acid®] 42 Ao 7l&¢d WAL 7IxZ 3} 48%
hydrobromic acid ¢ glacial -acetic acidE 1112 42 £ 16-hydroxyhexa-
decanoic acid®& ¥ 1 2 days <t refluxdd itk WS EIRELS AN F AN B2AHE
AelA ol EZ Mold F hexaned o] &3 AAAHSAC oA A A
71 bromide® 100 ml methanolel Na &% 0.96 g (40.9 mg-atom), thiolacetic acid
29 ml (409 mmol), 16-bromohexadecanoic acid 7.0 g (20.9 mmol)& Z&Z+ ¥ 3 15
A AE refluxing€ E3te] thioacetateBEl 2 THEUTH ¥He EFES ooz
2% ¥ degassed 1 N NaOHE 50 ml 7}tz 3 A7t refluxingS £33 thioester
Z hydrolysisAlZt}. o] A A& thiol& etherZo =4 &1 dA &3} NaCl &
o2 Ee8& AASIU. 16-mercaptohexadecanocic acid®] %ol column
chromatography th4lel hexaneg ©| &% AZAAH S o]&sldqd HAE 3t

3. NTA-terminated thiol®] 4

His-tagS Ni affinity chromatography2 A Z3% @9 de] R HAE dA 371 9
3l DNA leveldlA] @i de] =gt} o]egt His-tagged W A& o] §3to] 1A
Y 9ol AdAHT WgoZ HAS = dWE layers TEV] 98t NTA groups
7ZFXA 3 & thiol& AFEZ o|Eo] mAEHoA. SAMES ¥FAsA 3. NTA
groupe NiZ'9} complex& ©l$3 Fol AE Ni¥'9 vacant site ¥ 7i9t e
His-tag ¥} chelationdtA] ®t}. o]2l3dt NTA-terminated thiol®] o] && A3tsFx Al
nERe] HZ oA e o] 4H A monolayers ATl oA AP s &
AL Aol

o] 21 g+ NTA-terminated thiol®] 4 WH6DL I3 3-4-1 o] Yel} .

7}. Undec-1-en-11-yltrilethylene glycol) (¥ 3-4-1a)e] #A



50% NaOH <8< 0.34 ml (4.3 mmoD)# tri(ethylene glycol) 3.2 g (21 mmol)&
3 100C oil bathe]A 30 #37+ #kgAZch oY 10 g (43 mmol)e
11-bromoundec-1-enes ¥t 24 A7t Fo] ¢ EFEL 431 hexanel Z 6
H F&3) WA} Rotary evaporationS 53] hexaneg 22™ monomerst dimer
7t 7131 °] & ethyl acetate® eluant® 3o} column chromatography® = )3}
At

Y. N-(5-amino-1-carboxypentyl)iminodiacetic acid (18 3-4-1b)e] A4

Mol 71ed 2y’ vt N-(5-amino-1-carboxypentyl)iminodiacetic acidS A
1=

41.7 g9 bromoacetic acid® 2 M NaOH €9 150 mlo] =o]lx ol 0CE Ay
th. 2 M NaOHE&9 225 mlo] 42 go N- benzyloxycarbonyl L-lysineg =o]i o]
€4 0C2 43 bromoacetic acid &o] M3 7t 2 A7 Fo] o=
g EFES FI 24 AEG BEEAAT I Fe] 2 AZHEQ 50CE st n
o] &l 450 ml®} 1 M HCI& A3 718t &AL 2o wa} =Ao] 47|
°o] 8L 1 M NaOHZ ol 1 M HCIZ tA AL Aoz B4ELS A7
stk o]F A A3 lysine derivativer 5% Pd/CE Zulz sty FA 714 st A
hydrogenation®] WA HF FFEL 4L F JALh

t}. NTA-terminated olefin (¥ 3-4-1d)9] A

%4 & udec-1-en-11-yltri(ethylene glycol) 35 g< 35 ml methylene chlorideo)
=< % carbonyldiimidazole 3.8 g(2 equiv)& 7}t 2 A|7ZFE < HES S A gAz)
¥ ethyl acetate® eluant® columng %3 oil B e19 imidazole carbamate (23
3-4-1c)& AAstA. A vig] A ¥ amine (T ¥ 3-4-1b) 80 g2 & 100 mlol
*o]3, 12 N NaOHE o|&3le pH 1022 -3 IFo 130 mig]
dimethylformamide (DMF)& Ytk o] &9 45 g9 iminazole carbamate® 10
mle] DMFel %< §4-& 3 wed HHs 73k 12 AREQge wsdo B
500 ml€ © ¥ 250 mlA =9 ethyl acetate® F&3o 2N V4B A Y
olgf Al EFE& 6 N HCIE o8& pH 1574 wE3 ethyl acetate®
NTA-terminated olefin2 F%3] JAth

2}, NTA-terminated thioacetate (1% 3-4-1le)2] A

NTA-termianted olefin 1.0 g& 5 ml HX 9] tetrahydrofurano] o3 4 Fako]
thiolacetic acid®t 4% 9] azobis(isobutyronitrile) (AIBN)S Y& 3 2422 AAs
2 250 nm UV lampE o]&3t oF 6 A|7HESH 918 AAT. dojA EgEe

vaccum A EoA &olE A A3 acetate-hexane®] MAAH L E3te A stAT.

v}, NTA-terminated thiol (23 3-4-1f)2] A
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M NaOCH3E 7}stz o] &
€% A2 Hol NHLCIZ ¥Hg
E & $o ethyl acetate

1 g9 thioacetate(Z1 ¥ 3-4-le)ell 10 B =<} 0.1
Hz 71AZ XEFAIHTE o] Aejols o 30 3 b
YT o] EF &9 10% HCIS o], Atd e
Z3l9 ¥ NTA-terminated thioltd& At}

S o o

4. Bovine brain cytochrome bS53 E. coli bacterioferritin®] ¥4

Cytochrome b5+ microsomal membrane®] integral component @22 we M=z}
Hdgol] #osn T3 cytochrome ct Zo] heme? 71X 12 Y& ¥zdy ZFe gz
o]t} ©]21§ cytochrome b5 312 heme 7R o 1007 H =9 ofuji A
o2 o]Fo]A 3Tt N-terminal FE3 407] X9 olmxitoz o|Rojx glody
membrane®| bindingd}3l A= C-terminal ¥ E 22 YE 4 glth. Cytochrome b5
9] redox potential -100 mVA XE0]8 cytochrome c% M2 D& net chargeE 714
3 Y7 mEel o]E9 interactiono] WHAME BLE FF7 ojFojx gttt ol
cytochrome b5¢] 7] 33t3 EAL AFgozm Ax A2 Gz Alole] Axpe
olFcl hal dotE = U Rolrh ol G HA A A Alo]9 interactiond Al
2 2AMEE ol & diodeT S T=E A S doiH b Fad 24 Fo b
B @ 5 Ut
Cytochrome b5¢] AMzHF dWAdel Ao B2 Yol AAH Yot &3
%% N-terminal $#2¢& AAFGR olge fgddeolde ®7] #axQ

44 7% 5 A d

2 A aEe AA Jelr o]Foxe BE metabolismol A s HL

i dob 3l S non-toxicH FEHEZ AFach o]EL 19000 £ EAFL sIAn
A+ monomer7t 24 78 EoA e A G @I G o|FH o] T Fele wwa
Qe 4000 /| A=l HE ARl oA Gl = ferritin? bacterioferritin®] F
F57F =4 bacterioferritn® ferritin® 22 AA B WEZ 12708 hemed
AX 3 glch @A) o] hemed] F¥e M43 VA BT T groupel oA A
2% @9d=2 <2 bacterioferritin® GFF EAHNE FAlstn JdE AHEo|t}
bacterioferritin cytochrome A|gd<¢ @A 3} Fo] hemed 7}A 1 Y Ao ulz}
-200°1 4 -500mV 7R t}4E redox potentialt®dS 7FX1 Utk A5k o & Expgk
#Z 5 709 monomerAtelell & heme cytochrome A€o wwidns s AFPL
BodF 3 Qe B o] bacterioferritin®] A= oA e M7 38t EAHS Yolu e
UL ofF FUEE Yojat B & Ut

Z}. Cytochrome b5%} bacterioferritin A2} 2] cloning
(1) bovine cytochrome b5
Cytochrome b52] tryptic fragments 8471¢] ofulxAlo 2 o|Rfolx glony A
A 134 7 (Alal-Asnl33)2} o}n]:xc4tF Ala7-Lys909he 23lch o] 8 trytic

=2
fragment& Z =3}= DAN fragmentE €7] 98 o3 22 primerE A 23t

o
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2.

2R

CytbSUP (5'CGC GGA TCC GCC GTT AAG TAC TAC ACC C 3,
Cytb5DN (5" CGG GGT ACC TCA CTT TGA TCT GTC ATC CG 3'). Az4
primerg ©°]83}3 RT PCRE ©]£3}l9 bovine brain mRNA poolg templateZ
bovine cytochrome b5 FHX& F 31 pQE30 expression vectorol]l 2431

c}.
(2) Bactrioferritin

AT bacterioferritin FAAE- 2237 3ld 23 2L primerE AF
stk BffUP (5 CGC GGA TCC ATG AAA GGT GAT ACT AAA GTT
3’'), BfrDN (5° CGG GGT ACC TCA ACC TTC TTC GCG 3'). Al&¥ primer
€ ©o|&3l E coli®l chromosomal DNAZE template® 3l PCRZ
bacterioferritin®] A& Z=Z3l1 pQE30 expression vectord] Z24 34 ).

Y}, His-tag fusion AMZ$ @@l iy U AH

(1) Heme containing holocytochrome b52 24mer holobacterioferritin€)
overexpression.

Cytochrome b5¢] tryptic fragment cDNAZ} cloning & ¢{ 21 expression vector
€ MI5[pREP4] host strain®l transformationAZth. o] M E¥E LB media
(ampicillin 100 mg/L and kanamycin 25 mg/L)°ol 4] seed cultureE 3§ ol 300
ml LBel dilutiondls F&& F718 FTFEA wiFsAch. 600 nmol A<
optical density7} 05 =7} =HAS oW HF =7 0002 mMo] HEE IPTGE
YA OA o 20 AL AR AEZE ¢ slEsic ol¥A tgez wEd o
g 7R3 JE cell cultures HA] ferredoxinel 799 wlz7bx 2 7000 rpme
SEZ 4ToA 10 & 5 dAEY 3t pellete LAtk Bacterioferritin® 72 -
T #2 WUyez MAEXE gt FA 000 2mMel IPTGE %3:E R
heme€ 7HA 1 e 9GRS B0 713 F23 FEouG.

(2) Cytochroem b5¢} bacterioferritin®) | A A

Cytochrome b59 7%+ ferredoxin® A A ¢} w3 7}A & sonicationg 314
gde] GHALS A3 o]5& Ni-NTA affinity columne o] &5t = Ajstct.
Bacterioferritin®] 73 $-ol&= £ 44 WA g A2 Fo| 65CAA 70CAIol A
15 & A= 71839l o] 3L bacterioferritine] &oll of-$¢ A3 HE& o]&
& AA AU o] #H L HWAHQ bacterioferritin® H Aol vl FToe A

€ A9, 71E Fols dell %3 gwAo] M golalE A YARF
g T8 AAFGFIAT o] d&HAAL JA Ni-NTA affinity columne o] &3+
=% @%ads 54 24

7}. UV-visible spectrum
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=~

UV-visible spectrum< RFEiz iz o] &<Qlof A
wrelojn] AF Wyolel & £ dok B AFE T3 ¢ER ) spR 9 G
Aol Z$ Z}7] 174 spectraZt ¥3 g 2N ¥4 4% g &
& F ot E3] bacterioferritin® 4§+ spectruml 2 TR A 9] AR} o
3l Woho] 7bssich iR E o] S spectrohpotometerE ©]-§& 250 nmolAl 650 nm
7} A scanning 3t t}.

g R olge F Ax
1}
.

t}. Denaturing®} nondenaturing gel

BE o] gwlagol 1x3< Fele 5%-15% SDS PAGE protein denaturing
gel2 E3}o 3l cytochrome b5¢} bacterioferritin® 7 -$-ol+& ©]E 9 holoprotein
#} apoprotein® T 37] Y304 5%-12% native (nondenaturing)gel S A&},

6. Cyclic voltammetryZE ©]-&3F Az A dwmzAe A7 318y 54 FA}

Cyclic voltammetry¥ electroactivedt thFst Ed o] ZAlo]l QloiA 714 &8 A
7] 38t wyloz deix gk o]#F cyclic voltammetrys 431829 g2 A
7] 3183 EA S Zolred 7MY WA AgHoAe Yot B AdFAME dg
g AR Ag RIS AF oMY HA MG A4S TS| ] ol
CVE o] &s3l8 sdoh

N

7}. SAM A9 FH]
(1) & A3 39H AHg

F AFe FEE MRo] st AAFL ol HA AG LS B AF 7}
F Fa3% HEolth F e EiM e HFY A A&7l A
B3ES o]£39 annealing® AFoZE A Au(llD)Y 7AR

Ak ofef w3l Au (polycrystalhne)——l ALole &Y AAE AXH A9
& APt AA AAERZ EHE 232 3 uM, 1 M diamond® &AE Z#HZ
F #9<¢ polishing®d Fol 0.3 ﬂM, 0.05 #M alluminaZ ©A] polishing3tE &
M2 AR FAE 272 AF9 39S Asty 28 FWE de F AUH™

f

(2) SAM A =9 Az

o

BIe I mM SEZ 5ollE thiol FFEAe] F AN F= W AY
A3e <

(1) Cytochrome c¢

(7}) Non-covalent bond’0& o] &%+ CV,
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Y3 carboxyl terminated thiol®] SAMeo] EA® AT B3 dF5 A1
100 Mo d¥id g HE 30% F<¢ 7HAC ol @A thiol?l terminal
functional group (-COO)A}¢] 9] interactiono] &&|jA gRAL A2 FHd &
A " o] Adele] AFE 10 mM sodium phosphate buffer pH 7.0 A
Ag/AgCl =% reference AF 22 3t cyclic voltammogramg A}t

() Covalent bond& o] &3 A Ag gzl CV

Aot 7S UYL thiold @HAZLe] A7) A interactionol] 213 AFld yk
3}y cytochrome c& carboxyl terminated thiol® -COOH©| bondE 3 A} 3}A
8o Eole U e ATt 7+ HEZQ wHos NHS
(N-hydroxysuccinimide),EDC(1-ethyl-3-[3-(dimethylamino)propyllcarbodiimide
hydrochloride)e] ¥ A]oFS o] 43 wHTe S 4= 9t}

)& o] immobilizationg 93} carboxyl terminated thiol2 75 mM EDC
15 mM NHS & <F 10 oA 30 7 B7F FAoh. NHSO| 2aiA
activation® NHS ester monolayer= ¢ 30 ¢ M ©wiza folo] 713t ¢F 30
B3t ¥8& F3lo @A S covalent bondol 93l F HF Yol nHAA
t} ojof ¥l§& & HLE 10 mM sodium phosphate buffer pH 8.0& A}& 3t}

(2) Ferredoxin

Ferredoxine pl7} 4.0 HEZ ul$ 73 negative chargeE WEldth A= ¢
oA ferredoxin®] Az HIEE CVE F3o dFF o7t Zo] A=A
cytochrome c¢ Zo] 5 HF 9o} A E monolayersiol A o] Fojzx A= o}
A7z BEHA LA glBRE HLE carbon A IOl viologenoE 3 7
T AIW T dHdA AFIt olFoiAY B AFAME WA cytochrome ¢
o] A AL 3 WY EL o] 83y ferredoxin® CVE HOoL} o|g} & system®el|
A £ ferredoxin®] AA A@E& AT 9JelA B 5 giokes ZE8S UHE 4 YA
(data not shown). T+8-© 2+ cytochrome b5%t 22 acidic ¥ ¥ 3 (negative net
charge)®l CVE A3t ol&5 & Wgoz ¢4ol2E promotor® AR5t o
¥ -NHs3'& terminal groupe2 7}X 3 & thiol® AM&3t ferredoxintte)
interactiong F =3t Bt ey JA] Azl A2E B = ¢At (data not
shown). Z84 22 ferredoxin® Z-& iron-sulfur A2} Ag dwizmol A=
T3 A2 monolayer’t A HolgdE F AF YelME AR AHEe & F Qo
T RAE <A HUoh

(3) Cytochrome b5
Cytochrome b5% 9 A] cytochrome c9& T2 WA 2 O 2 negative charges
7bA13 7] @ El cytochrome ¢ CVE ¥& Sy 2e Wye A48 &

AUt 7HY @o] Rol= WP O E poly-L-lysine’™2 A}&38te wHS 5 5 Ut
poly-L-lysine2 A% & chargeg 7FA1 1€ thiold -COO % cytochrome
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b5E #A7H oz AZAANZE F U

Carboxyl terminated thiol SAM A& 100 #M cytochrome b5& e @231
g 1 AZFSL HIFLHE FAANY F 500 eMARY FEI OHEES
poly-L-lysine €4& 713ttt 9A] 10 mM sodium phosphate buffer pH 7.0¢l
A CVE 4.

(A g d=]
1. Mouse$®} Bacillus ferredoxin® A ZF G o] Ax
7}. Ferredoxin 7 A} cloning

(1) pQE30 expression vectorol mouse ferredoxin®} Bacillus ferredoxin A A&
Z2Y 3gen 22499 #7129 DAN sequenceE ZA3}IT. o9 DNA
sequence™ T3 ZTf

Mosue ferredoxin coding sequence:

AGC AGC TCA GAA GAT AAG ATA ACA GTC CAC TTC AAG AAC CGA
GAT GGC GAG ACG CTA ACG ACC AAG GGG AAA ATT GGC GAC TCT
CTG CTA GAT GTT GTG ATT GAG AAC AAC TTA GAT ATC GAT
GGG TTT GGT GCG TGT GAG GGA ACG TTG GCT TGC TCT ACT TGT
CAT CTT ATC TTT GAG GAT CAC ATC TAT GAG AAG TTA GAT
GCC ATT ACT GAT GAA GAG AAT GAC ATG CTT GAC CTG GCT TTT
GGA CTA ACA GAC AGG TCA AGG TTG GGC TGC CAA GTT TGT CTG
ACC AAG GCT ATG GAC AAT ATG ACT GTG CGT GTG CCT GAA GCA
GTG GCG GAT GTC CGA CAG TCT GTT GAC ATG AGC AAG AAT TCC

Bacillus ferredoxin coding sequence:

CCT AAG TAT ACA ATT GTT GAT AAA GAA ACA TGT ATC GCC
TGT GGA GCG TGC GGA GCA GCA GCT CCA GAC ATT TAC GAC TAC
GAT GAA GAC GGC ATC GCC TAC GTC ACT TTA GAC GAT AAC CAA
GGT ATC GTA GAA GTT CCG GAA ATT TTG ATC GAC GAC ATG
ATG GAT GCC TTC GAA GGC TGC CCA ACC GAG TCG ATT AAA GTC
GCG GAC GAG CCA TTT GAC GGA GAC CCG AAT AAA TTT GAT

U Az SuEde A

(1) Mouse ferredoxin (adrenodoxin)2] 2 A
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Mouse ferredoxin =3¢ ©¥ a2 His-tag fusion A2 oA LA
71 A AR 1-litter cultureZ5E 99% homogeneous fusion proteing ¢ 20
mg LAt Mouse ferredoxin® mitochondrial matirxel] £2§3l9 136 kD9
iron-sulfur protein (2Fe-2S)°]3 -0.69] redox potential® Z=o. 19 3-4-2%
mouse ferredoxin®] UV-visible spectra®t t}F o2 23" Axd de 15%
SDS PAGE gel& YEdt}h mouse ferredoxing =L iron-sulfur® s & 2
$ Yeldz e, UV-visible spectras WX EH U E ferredoxin® W¥E 32 ¥
B's 8dF 3 gl

Mouse ferredoxin® o}u] At M EL& t} &3} 2o,

Ser Ser Ser Glu Asp Lys Ile Thr Val His Phe Lys Asn Arg Asp Gly Glu Thr Leu
Thr Thr Lys Gly Lys Ile Gly Asp Ser Leu Leu Asp Val Val lle Glu Asn Asn Leu
Asp Ale Asp GlyPhe Hly Ala Cys Glu Gly Thr Leu Ala CysSer Thr Cys His Leu Ile
Phe Glu Asp His Ile Tyr Giu Lys Leu Asp Ala Ile Thr Asp Glu Glu Asn Asp Met
Leu Asp Leu Ala Phe Gly Leu Thr Asp Arg Ser Arg Leu Gly Cys GIn Val Cys Leu
Thr Lys Ala Met Asp Asn Met Thr Val Arg Val Pro Glu Ala Val Ala Asp Val Arg
GIn Ser Val Asp Met Ser Lys Asn Ser :

(2) Bacillus ferredoxin® A A

Bacillus ferredoxin® mouse ferredoxin® Z o] His-tag fusion@¥ A2 W A]7)

I AR r. Affinity chromatography 3ol ¢k 15 mg/(1L cell culture)e] A=

gulA S AAY. Bacillus ferredoxine 81709 ofmiito g o]Fojzx lov 02

" VAX9 redox potential€& 7FAx dth. 2% 3-4-3% Bacillus ferredoxin® 15%

SDS PAGE gel® UV-visible spectrag YelW 32 o} Bacillus ferredoxin® 73 %

+ affinity column$re 25 A3 HAZ =2 G AXMH gelol A 719 band7}

Bt Ferredoxin® interactiong 3t Y& w©W@Eo] o] o LAY

ferredoxin® multimer ©] A7l RAe =2 A"}, o] Bacillus ferredoxing o] &<

93l = gel filtration®] Y} ion-exchange columnzZ& AA #AHo] ] QT Ao
1=

Bacillus ferredoxin®] otujx4t e o7 2t} -
Pro Lys Tyr Thr Ile Val Asp Lys Glu Thr Cys Ile Ala Cys Gly Ala Cys Gly Ala
Ala Alda Pro Asp lle. Tyr Asp Tyr Asp Glu -Asp Gly Ile Ala Tyr Val Thr Leu Asp
Asp Asn GIn Gly Ile Val Glu Val Pro Asp lle-Leu Ile Asp Asp Met Met Asp Ala
Phe Glu Gly Cys Pro Thr Glu Ser Ile Lys:Val Ala Asp Glu Pro Phe Asp Gly Asp
Pro Asn Lys Phe Asp
2. Carboxyl-termianted alkanethiol®] %A

7}. 6-mercaptohexanoic acid®} 11-mercaptoundecanoic aicd®l &4
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6-mercaptohexanoic acid®] A% 3 gAE ol EZ AoX|¥, ok 47%9] F5&
€ B gt} 1l-mercaptoundecaocic acid® chain® Zo|7} ZAo]Hoj we} F2A] 3}
F mAZ 25 g8 LAY olEY AL tSH #E NMR datag F3A AR
t}. 1H NMR (CDCls) & 249 (q, 2H), 2.32 (t, 2H), 1.59 (m, 4H), 142 (m, 2H),
1.30 (t, 1H).

1}. 16-mercaptohexadecanoic acid®} 4 -

AA A G AN LolxH, 075 g9 HF productE AT A eI 22
NMR data® &3 #<lstdth. 1H NMR (CDCl) & 2.53 (a, 2H), 235 (t, 2H) 162
(m, 4H), 1.28 (m).

3. NTA-terminated thiol®] &4

NTA-terminated thiol®] @472 =2+ ¥ 3-4-1< uYE Aok 218 3-4-1b¢
NTA-terminated lysine®] 72§ EolA ¥kgo] o]Fofx7] wjgel I A7} &o]dHA
At Atn 471 ""Eﬂ"ﬂ"i——] W 2o Ae WiIE ol&3ly ELES AASGIAY 2
Y 3-4-1d¢] NTA-terminated olefin® ##<1& 1H NMREXE F3td 7Isstdd.
(CD30OD, 200MHz) 6 5.80 (m, 1H), 5.00 (dd, 1H), 4.92 (dd, 1H), 4.13 (t, 2H), 3.60 (br
m, 14H), 3.47 (m, 3H), 3.08 (t, 2H), 2,02 (m, 2H), 1.78 (m, 1H), 1.65 (m, 1H), 1.52 (br
m, 4H), 1.28 (br m, 14H). =¥ 3-4-1le2] NTA-terminated thioacetate®] &-dol UoiA
2o o HSEL AW wEAFHE WhEo] dojuhA =) Olefing oF 1gH =4
gb ulg A|#A A thioacetateE Admf & YA olwf & =Bl AHNEZL AU} of
o} 22 thioacetate®) FA A= NMRAIA olefinoll €3 peak7t Ab2+R| 1L acetateoll €]
3k peako] 7= AR FAF £ A% 1H NMR (CDsOD, 200MHz) & 4.14 (4,
2H), 363 (br m, 14H), 3.44 (m, 3H), 3.09 (t, 2H), 2.85 (t, 2H), 2,29 (s, 3H), 1.78 (m,
1H), 166 (m, 1H), 154 (br m, 8H), 129 (br m, 14H). ¥ 3-4-1f8] HF
NTA-termianted thiol®) A4 LTEHIE $dol 98t L7} triethylphosphine® A
£33 a8y FYdAME tnethylphosphmea T8 4 g17] HEdd ot} 2 “"%‘a
A+&-3H AT

RCOSCHC(NHCO...)HCO....... — HSCH:C(NHCO..)HCO....... + RCOOCH3
i
0.1 N CH3ONa in CH30H
5-10 min, yield 95-100%

s} g2 HrE L o] g of 30 ¥ HEY ®EE Fst hydrolysisE AlA NTA
termianted thiold €& 4 2ith 1H NMR(DMSO) & 7.18 (t, 1H), 401 {t, 2H), 3.49
2.

(br m, 14H), 334 (m, 3H), 291 (q, 2H), 244 (q, 2H), 221 (t, 1H), 151 (br m, 5H),
1.22 (br m, 17H)

4. Bovine brain cytochrome b5$} E. coli bacterioferriting] %
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7}. Bovine cytochrome b5%} bacterioferritin © 4 X2} cloning

pQE30 expression vector®] bovine cytochrome b5 tryptic fragmentE coding3dt:
sequence®} E. coli bacterioferritin A& =24 39 d. o]E2] DNA sequence
+ DNA sequencing2 2 #2133t} o] 59 DNA sequence= T3 Zth

Bovine brain cytochrome b5 tryptic fragment:

ATG CAT CAC CAT CAC CAT CAC GGA TCC GCC GTT AAG TAC TAC
ACC CTG GAA GAG ATC CAG AAG CAC AAC AAC AGC AAG AGC AcCC
TGG CTG ATC CTG CAC TAC AAA GTG TAC GAT TTG ACC AAA TTT
TTG GAG GAG CAT CCT GGT GGG GAG GAA GTC TTA AGG GAA CAA
GCT GGA GGT GAT GCC ACT GAA AAC TTT GAG GAT GTT GGA CAC
TCT ACA GAT GCT CGA GAA TTG TCC AAA ACG TTC ATC ATT GGG
GAG CTG CAC CCG GAT GAC AGA TCA AAG

=2 His-tag coding sequence.
E. coli bacterioferritin:

ATG AAA GGT GAT ACT AAA GTT ATA AAT TAT CTC AAC AAA CTG
TTG GGA AAT GAG CTT GTC GCA ATC AAT CAG TAC TTT CTC CAT
GCC CGA ATG TTT AAA AAC TGG GGT CTC AAA CGT CTC AAT GAT
GTG GAG TAT CAT GAA TCC ATT GAT GAG ATG AAA CAC GCC GAT
CGT TAT ATT GAG CGC ATT CTT TTT CTG GAA GGT CTT CCA AAC
TTA CAG GAC CTG GGC AAA CTG AAC ATT GGT GAA GAT GTT GAG
GAA ATG CTG CGT TCT GAT CTG GCA CTT GAG CTG GAT GGC GCG
AAG AAT TTG CGT GAG GCA ATT GGT TAT GCC GAT AGC GTT CAT
GAT TAC GTC AGC CGC GAT ATG ATG ATA GAA ATT TTG CGT GAT
GAA GAA GGC CAT ATC GAC TGG CTG GAA ACG GAA CTT GAT CTG
ATT CAG AAG ATG GGC CTG CAA AAT TAT CTG CAA GCA CAG ATC
CGC GAA GAA GGT TGA

U A2 g A A
(1) Holoprotein® overexpression

Heme containing ©¥ 2] AAo] ojr 7HF F 23 -2 apoprotien®] heme©)
insertion® = Zeolgt & 4 Utk @wAY overexpression® o IPTGo] ¢ &
induction IPTGE Y2 % 6A17 ol 2% dojdtt 1 mM IPTGol <98 ok
2dE P& W AW apoproteine] YF Bo]l 2dH7] WEY hemed
insertiono] Yolux FEch £33 olA7X BEFH oiREL Ao AojA 2FR
hemeprotein® YFE%o] hemes 7ML Ye HoZ 4&x Yot o)z A&
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i3Sl 9t WA IPTGY $=E ¥3AA #dee dude] & -39
t}. 2% 3-4-4abi cytochrome b5%} bacterioferritin® Y& -ES PTG F%o 9%
Z-d%8YE 15% SDS PAGE gelg B3t & Holrf ololA & F %Ko
MI5[pREP4]E host strain® 2 AILE o] [PTGY &S 2FFozHN Yt o
WA HHATE ol T3] XFE 5 9o

E dFME olgt o] IPTGsEel Wl = E drde 48 #IAdn
ol¢} FAle] o]F Ztzte] 7 %o 9loiA heme insertiono] ¥riyt oA E 4
F3taTh. - 23 cytochrome b52] 2 $-9l&= 0002 mM IPTG FXxolA 713 2&
holoprotein®] HE =, o]9} L A 2HAFHE THA9 90%°]4°] hemes
7FA L 1= holoprotein® 22 LHE = A& £ 5 AT oo ¥t bacterioferritin
€ =& ¥%x9 IPTG inductiondtoll ] Z3F © B-< holoproteine] &= 2| gt o]
749 apoprotein® #o] UYHH7] dFo F&HA HAE Ao ZE gzl
holoprotein®] FEj2 LHEFHEE PTG (0.002 mM)E& ZA3AT. 2 3-4-5= o]
23 IPTGE =l @& holo, apoprotein®] Atz 2d A=E B7] Y5ty 12%
nondenaturing gelol A7) 9% 3 ZAigolt}

(2) Bovine brain cytochrome b5 tryptic fragment

0.002 mM IPTG induction®l <93} affinity column®o. 2 AA|sld 98% A x 2
43 cytochrome b5E AUTH 1L cell culture2%E ¢ 14 mg2 holoproteine
A, ATugF-E & @ heme DAL L@ 93] wjFde M A3 w7k
S UEdA Y. ol8] 3§ coloratione heme @9 wde] X ANz & 4+ dd. 1
¥ 3-4-6at cytochrome b52] UV-visible spectracln] LR HoIl:s A gt 22
FeE RT3 Ao, ¢ 10 kDB ES 23S 71X Y= tryptic fragment9]
obu| it MEL the T Zrh

Ala Val Lys Tyr Tyr Thr Leu Glu Glu lle Gln Lys His Asn Asn Ser Lys Ser Thr
Trp Leu Ile Leu His Tyr Lys Val Tyr Asp Leu Thr Lys Phe Leu Glu Glu His P7}
Gly Gly Glu Glu Val Leu Arg Glu Gln Ala Gly Gly Asp Aal Thr Glu Asn Phe Glu
Asp Val Gly His Ser Thr Asp Aal Arg Glu Leu Ser Lys Thr Phe Ile Ille Gly Glu
Leu His P7} Asp Asp Arg Ser Lys

(3) E. coli bacterioferritin

QA 0.002 mM IPTG inducitonol] €]38}o] affinity column 3HH <] A Aol <o)
99.9%0°]32] 7§ 23 holoprotein® AU bacterioferritin® A% 24mere] & ©
Waolol A 3ty dlvte] monomer?7} EF His-tag2 7FA 2 Aok, = A} affinity
chromatographyoll Al oi¢- Z& ZA¥S sl gdHY AAZ of$ &4 dBAS
de F J= AHolth ol L YHL bacterioferritin®} 22 Tl A o] Ao
o]A vjg- #&3 Wlol & Ho|th 1 L cell cultureZ+% ¥ 30 mgel holoprotein$
AAE 4 AAth Bacterioferritin®] 799l % culture®] red coloratione] ot}
2% 3-4-6bt bacterioferritin® UV-visible spectra® X o Ft}. bacterioferritin®
Aol 413 nmEF 29 peake =717} holoprotein =& BT}, ojwl & e
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e 12719 hemeo] BE%F 971 Jd& €A 3 holoproteing thF €& & UM
15870 2] olulx=Ato & o] 20X bacterioferritin® o}7| x4 AL &3 2o

Met Lys Gly Asp Thr Lys Val Ile Asn Tyr Leu Asn Lys Leu Leu Gly Asn Glu Leu
Val Ala lle Asn Gln Tyr Phe Leu His Ala Arg Met Phe Lys Asn Trp Gly Leu Lys
Arg Leu Asn Asp Val Glu Tyr His Glu Ser lle Asp Glu Met Lys His Ala Asp Arg
Tyr lle Glu Arg Ile Leu Phe Leu Glu Gly Leu Pro Asn Leu Gln Asp Leu Gly Lys
Leu Asn lle Gly Glu Asp Val Glu Glu Met Leu Arg Ser Asp Leu Ala Leu Glu Leu
Asp Gly Ala Lys Asn Leu Arg Glu Ala lle Gly Tyr Ala Asp Ser Val His Asp Tyr
Val Ser Arg Asp Met Met lle Glu Ile Leu Arg Asp Glu Glu Gly His Ile Asp Trp
Leu Glu Thr Glu Leu Asp Leu Ile GIn Lys Met Gly Leu GIn Asn Tyr Leu GIn Ala
Gln Ile Arg Glu Glu Gly

5. Cyclic voltammetryE ©] &3 Zx Ag dWae] Ay 383 544 AL

7v. 3 AFe gAY

fr

g8 71Xl 2719 diamondY} alumina$ 2 Z polishingdte & A=Z9 HAZ+= 0.05

M HsSOsl A 0 V-1.6 VAlole] CV= &35tg .
1}. Cytochrome c

Cytochrome c®] redox potential® thiol®] F &, buffer? pHY sE%ol watx ot
24 vt} dury o2 carboxyl termianted thiole] SAM$ oA pH 7.0¢ o 0.2 V
vs NHE A X9 redox potential® EPATH? B AFo|AE referece ¥Foz
Ag/AgCl (023 V vs NHE) & A}-83}7] dj&o] 0 VE 2l A redox potentiale] &&
o 2E CVE Ag/AgCl AFE 71F22 YERYA T

(1) Non-covalent cytochrome c A

1Y  3-4-7a¥ 6-mercaptohexanoic acid (-S(CH2)sCOO )9 SAM ol A
cytochrome c& Z71#<l interaction® 2 non-covalent A2l CVE f& Aot}
0 V 2Zd A9 redox potential® B oF1 o oF 75 mVY peak separation
Uetdth 3 scan rated] @l CVY peak Z7I7F AXe RoZ HAF3 gz
ol Az Ag= As) A CVa e & F Utk e wketey 1Y 3-4-7be A
= cystamine(-SCH2CHoNH3") & SAMO.Z 3k A& ol&3le] & chargeg 7HA
A& A9 cytochrome -c9] CVE RBAF3 Yot 80 mVF A redox
. potential€ 7}FA W 1 peak separation® 200 mV Z}7to] Hl

ko

(2) Covalent cytochrome c

- 1Y 3-4-8& cystamine® 3-mercaptopropionic acid (HSCH;CH.COO)E 112
Mo % o]59 SAME U3 AZ YoM cytochroem c& EDC-NHSE ©]£&3to
. covalent bondZ F&A|Z] Arele] CVoltt, 9 A] 0 VoA redox potentialE 7} ™

__66_



fr e

2 99 cytochrome ¢ ¢ monolayer’t 84 ¥ Z A= peak separation©l A9 81
A& B 5 9t

t}. Cytochrome bb

a3 3-4-9% cysteine (HSCH.CH(-NH3)COO0)S 43 SAME o] &% ZHeolt
cysteine terminal functional group®.2 -NH3'#% COO & EF 7FA3 & thiol
o]oJ A cytochrome c$ cytochrome b59] CVE Aol £ 4 U+ thiolZ el A
Ak, ol L& cysteined ©]&3E 31 promotorZ poly-L-lysineg ©| &3l
cytochrome b59] CVE &2 AHojth, A & 4 gl%°] poly-L-lysineol §1&
golx @ do] 9% peak’} V¥ VoA @3 Yt} o] B$E 06 vs NHE &
& reference AZE& AlR3}AcTt A cytochrome b5 tryptic fragment® redox
potential& 0 V vs NHEQ Z& & 4 At

A5 A u]_/{\_og@.?ﬂ}“]g =u] 2 bio—objectd] °ol&F S
g¢ N2as R LAY A7

1 e BA(EEZY, AE)Y 2YH 24 2 B4

Fo Hlole EBAL e oz BN AAME VA JE7IES o8

} Aoy, FAZ Hlole A9 uiadd W AFo did o] FFHo
AT, BAQA vlole EFL AP dAg "HTh oA fAHo=z ¥
3 ZuRdEn 95 59 BEAAE EAHSIL, vaAEE AFse BABEY

g uagHolA dd AFS dHHEUT.

ool ZAXNE 2437 Y] AgLoZ 24 CDPASH(USP) 56m¢ &% B
g YT EZA(Packed Red Cells)& A&t WA w2ddcie nqAESH A
AALL olfgsld Al UEE 2AHs gt HEE Ubbelohde Viscometerg ol-&3%
Ostwaldd o2 =A3Ych Ostwaldgel 23 A ZFAHL ofdf Aolx LA,

RURS

v =0,
r

o] 714 v, & Reference kinematic viscosity (1x10°% m?%s. for water), tr < Reference
time (344 seconds for water), t & ZAtd4o] H+& A7} viscometerd] YAHHOIE F

Raten Zee e dedt

fAs nARRe) FE4e getn B o oo Ze BANE 4 & Aok
.cost9= st—‘-nfL '
: TLv

o9& H¥Zzte] 79 spreading coefficient, SLsE Spys=rsv—rov—rs © BTh BEFH

oz wad yo B yv = 7F5e & A Holob wetting ©f YoJub A H T}



rxi Lo mlo

.1?_ ) , 2
oz “Jra} i) @911—4 EolE 3—"40}“‘ o2 Ao o3 FHEAHS & 5 U

A7l o YXE, & Contact angle, R EAB w7, Jhe 2ZAJIEN 93 &
22t ®ol& JEhdT.

ol 3 M FHo e ZAFELS TEV] Y3l (¥ 3-5-2)9 ol F 471A &
HE dxQd vlolazidE 2zt 47hA) A2 AR F 16F 9 vlolaz A
Azt 80meel Ho] HAQE petri disholl slde BRES @7 220 ol
ZAste 4¥9S FYstat. dA AdY FAES FHEHAAA st olol 7 FFo] ¢
=78 23BEgtn, Ade E& WAL B S sl ofd gL vAE=rtE =
ALt T

2. p-diffuser®] AA, Az L £

FAe Ad 4279 FAWE ol &3t miAd Ul FA9 dFEL JE T 7
AANAFLEA, FA & £olalA AV BFxHS 71FA B, AF7} 2

FAo daiAe o Fgo B Feo d¥Fez dojxy gt 28y ujady
Hol A FAAFTS B FAHol2o2 &Ho] njlf FEXE oz AZE o289 FHE
< 87%Y. EF SAF FH9 BEA € Y5} Ee BHME OFAe Y 2 A
o] %< ¥eo. =R B dFNAME p-diffusere] 4Tl JdFE viHE AAE
£ 2R AF 7€ AEAE ugoR (2 3-5-3)F 2L 6F9 712 Fabo g3
ZtZt 2717 G2 47HA U FA (F 24F)E AA, AR e, @A niAgGoA u
~diffuser®] d%& 43t g

F 6 TFY p-diffuser ZZtell tish 47}A] @Y, F, 247}A p -diffuserS A A, A F
st e u-diffuser®] Y F FA7)E (¥ 3-5-3)° A uiep 2o}

=290
" 2
el

3. p-actuation 9 VTS Ulx Ao BA 23 L A
(1) G2 A2ololg o] AZ D A

EE3UE dFoojE e 7|EHA AFHAE (TF 3-5-4)° E=AF urg} o] A3
DHE FF(cavity) o]l €& 7151 Uold FAE BAANPGezN THFL LEs3 Q)
£ @9 (diaphragm)o] ¥HIIEE st Holtk ol F Hejo FUF HFoolHE
AASZ e 3 YA FAHALAQA vy AFy A3UE JFoolEH e HE A
of g o]&3 Falo] M3 ojol gl

HA, date] Axo] disiA AHBWA, AA ZZ(boundary condition)e] AT
(fixed-edge)°l™, 7Isix& Fload)el wE3tF< HHF A¥Y g (circular flat
diaphragm)e] ¥ & AFol sl 33 Wa o A (load-deflection relation) ¥ <3
T ¥ o] TAl(stress-deflection relation)E ztz} o3 Zo] Agd 5 Ut



4
Lo = K3+ Ko ) 1)

Gy = Ky(2)+ KLY | @
A7\, K;3 Ky A8 33 &3 (small deflection bending effect)& WEINE A
(coefficient)ol ™, Kz$} K,&= ti¥8® A& 7H(large deflection stretching effect)E v}E}
e Aol

A, (29 3-5-4)9 EF3YE dFoolHE dedAg €98 RdzRy A A
A3 2RdE 4, o2 RH F3 FHU FAY 2= SHL 03 Zl

Ry+Rp+R,;
R;3R, ; (1 —e (R + RIR1C ’)

Ryt Rpt Ry ©
4714, Ot 4F BAL BBUD, Ry, Ryd R GARL, G BRTA I8
FS Yeldg, = T3 T.,.5 42 33523 88749 2528 vehdo. 2 (3)
Ay L& HFEZL 2EE o|&dld FEUH 4HE Film 2 #E A (DL (2)9
ddehd GBYY Aololeis) A WA £ & wke WPFA BAF 2o

3

Tl = Ts*urr +.

g 4 g
ol43s ol AMY AFHE wHoz 4 (E 3-5-1)3F e AATY A5F AN E
QELY Y2ojolelE A, A=A

£ 3-5-1. ETUF AFdolE Y AH F AF

TARe M& K=
8ot (diaphragm) Beryllium Copper Tcm radius, 150 um thickness
2= (cavity) B} XS X (Expansion Fluid) FC-72 (CsF14) 150 um height
AN K&t (resistor heater) Tantalum 450, 500 A thickness
HOIA H2ZM (Interconnection Pad) : Aluminium 3000 A thickness

(2) AA718 3o o] ] (Electromagnetic actuator)®] A& 2 AS A Y

AA7IHoz FEHE PLEEY FFEAHS FUd7] AR ZIzddezA Tty
S o] &% TS HA, AFFAHY 3-5-5). "o Ase AAEITE o4
TFtgoln, Zol(NE WA F 2F 9 AFolg (R 3-5-2)F AzsA. ol
g oade 7FE T 232 A s AFse Ly dFdolEe] FAFIS
£ JF3BHAA FAHsa, dFoolg e - FH HsHEL A do.

T AREE T FAFS AIFSHE EYU2H AFXNE FHI}AGT. F, va
Hazge] ZAH 42 FHE A%td E2EH AEE AH(IE 3-5-6)2 AFEA
3, AgE T3 A R IRSHESE SAAG

EE2E A|gE wite] g e g g
PT‘;z=3.410+1.37(1.446-—0.427v) 1Eu(d/a)2
q71A4 P& 9ote] ZhsiRl 4E, de gete] FAHAAM W H o WHY AV, o F
gutnte] ZHeEle I7/8Y, Ex T899 9AF(Young's modulus) 233 »& T 9
= o} v} (Poisson’s ratio)& Zz WebdT

B ATl 2@ vtute] FAFo4E thee An go] ZAstH )




_ 224 | _Euw’
fr=""%x 1202

A714 we Blad E (e o] 121 ok FHAANEY YEE ZZ yehdth
Asg olave) Ay THL Tew 2ol AASAT
1) $54 AE : 37 9ol EASE U] oA Tzl e piye) FEA
oL
2) AEQ AW B SolN AsAF & vlawe BYAAAS 53

K

¥ 3-5-2. AA 2 A virne =7

NI ZOI) [un] E=(w) [wm] STHC) [pem]
#1 1000 30 9
# 2 1200 30 9

4. Micro-channel/duct A A, Az € A5 AY

old HEZo| AlE 7bed b e @B 2 A i dFA(ZE 3-5-7E nHsg.
OFAZE oA f59 HFAHLE F7] AT valveZA AlEHE A$ 27X dF =
F2 OFAY AH FFEAH gy A7r Hogkth. 2y A A pumpol Al ¢
ol w2 A W= =ut diffuserdll A 3 F55A dig A77F Bgsint,. 2 AT
AXE OFAL FF K554 TN 53 54T AY stelAY Fa SHELS
doly gttt FE WE7}l diffuser neck-widthatx fgko] HEuwl Fu4 Wzl uwet
boundary layere] F77} 37t =™ 1 gtol diffuser neck-width & 1/20] =& 2%
¥ diffuserg AA(ZY 3-5-8), A2 3-5-9)stn e, o]& FHAF °“"°ﬂ o] Ef ¢t
ZA%std RFEANGS AAEA

5. Micro-pump/actuator®] A7, Az} 2 AT Alg
(1) Piezoelectric actuation® ©]-& % Micro-pump? A, A3} 2 H5 Ald

Ag As@ mla FEde F 2 e AW Be Fasdd FFol 5@ piezo
clectric FE9H ¢ AHg8tel pumpE AFsPom Fas Wte] B KL FHHY

t}. piezo electric actuator® 2% F+EAZE A vy FFL 100V, 7HA 3
%t} '

(2) Micro-pumpE 9% electromagnetic actuator®] A A, Az = AHe AF

AA7) 7wl A9 A71F B uo] Ut 2ol AF i FIFY AL BAHE A
A7Y Fe 4 (@2 gAgTh

= [dF = fidl xB

olml BAsl= A7 F utdbe] A W(z-direction)d] A& vte] wtutg FF 3



=d AMEEHY, Huad dEwNs 2A/FEE SAnz AA fA ol AE
He 3 582 YHIad FAHAEE vtGgeg Al g7t "o
A, Rayleighs®] BHE AHE3H SFAUA 9 AR 9 s dozRe ubatel F
AFAFE T 5 Uk G71M, FolUAE Sute AYR BAZ e @eld, 9
AU A e Hgelixsh BAY ol 3 AZo] I3 HA WY TAF WFqY
Az RE gty FAFAFWE e go] ¥ I 5
1

f=2—7; ‘5—:
A714, g &} ds5 A4 FH JMEEY ATl o3 HH WP & ,

vtetaig o] 71418 Axet 54 4 FAHY FAH 2AE Yo aHte] FAE 54
mZ Z2AFIAYG. ¥, I BHS AESE vlolaZ P o] FIF o[l | 7808
E d¥HRd, @9 B I PAH(stroke)olA HIA=E FHd BEAAtoldie
0625%107° ~ 625x107°H 99 v & 7lAE RS & 5 o, o] vlE HaZ utglg
Azel FAHS AokE AS n8dske, et 3 Hel Holg wkgl & 2mmE Z A
o E=3 gt 3717t dmmxX4mme) HE& nste, AA e AZle AE ol 5mm, ¥°]
7t SmmZ Z+Z} AAsF e, wete] HAE FAHF] st AFE A wHAF o]
Imm¢! 79< Wit

gg&oz AE M FPAsd REE FAY AF BXEL IlmmE T =Y
o] vlZZ HiX|E-& AlZtetete] HYEHH I A9 ¥ S fFAE £ JEF 15mmE A
A3lac. AA A ZHolE HUZE 7] A, 2L Z3 gy ZdAtely 3¢
2g odA vlAA(emulsion mask)e] HA HEQ 25,mE ZASIAY. =3I FY9
gGHE HO =2 k7] A8A, AEAH Ae AZIEF FREY FAU 30emE ZYY =
ol2 AAsA.

Az oA AR AFoolele] Ul AY L FH AHASAES FYPsId oy o &
3o TEE4S A¥¥oz 2SRt

(A7 Az ¢ 12
LW 24(EDRY, 9E)9) 494 34 2 24

o} A 29 bio-fluidE °l$A17171 93 pumpidA 712AFE2A €3¢ HA4H AA7) @
2lo] nlo]la 2 AFoolHE A, AFsA JE FF EAAS AEEL B4 AT

HA dHe Hyujel AFS A N AEE AHE3F A, Viscosityw Ostwald
Holl 2olsted A wWeol HIEAES HAFstd ZAAE FRGY. o] AI|E o] &5
Absolute viscosityE AlAtstd Y. zElx, (¥ 3-5-1)7F 22 U o Contact angle
& =A3Fon(H 3-5-3), ol & ol &3dle FHAHE (F 3-5-4)¢ 2] F3H}.

—71_



3 3-5-3. ¥ EAHA.

Density 1084 kg/m3
Kinematic viscosity 1.788 X 10-6 m2/s
Absolute viscosity 1.938 X 10-3 kg/m-s

Contact angle 20°

¥ 3-5-4. Yoo FHY.

DaZ g goH0| it =0l HOAH
05 mm 155 cm 0.022 N/m
05 mm 1.15 cm 0.016 N/m
05 mm 1.8 cm 0.025 N/m
1.0 mm 06 cm 0.017 N/m

ale]la2 2 Ade] B AFAME 218 3-5-10(b), (¢), (d)e A$. Zo] 3~4cm HE A
do] E7tx] o) =Tt ey Ade Z& 2 4¥(2¥ 3-5-10(a)ol A
Zo] WEFE Pdo] ¢ Fo] rte AHE BT ole ZISY EAH 4
vl dAdoltl, o|RAE ofF F2F FAZ wAFFodME Ad el Y o
8o g AHgo] FAdA LI dFE 4 Ut 2EF 3-5-10(c), (d)F Z
Aol e ddo] HHA ¢ ol &HIA] Utk ojE oivlx miolaz A A
FAA ] TAHE FAPoZ AW FHo ZRIA Fgkr] WEolz AAdEY.
I ¥Ae & HAY WEOZ 3~4cne R HolE &erte dWlXE 10& oYY A
SESEM AA vloje o] RABENS &7t FAHL sutsig. ey AA|
€ T2 do A AlLdtn AT o @A 4HE IR FN}
AF BEFAge] aTdEY

o nt AL L 2 %8 f orlr

g o0

2. p-diffusere] A, Az L 4

Z 2479 AH(aE 3-5-8)¢ AF}sIen dFAH JdEGd FHEE HY
(interconnection)/¥ & 7| A (LY 3-5-11)3}d 18 3-5-12¢9 2 FAZ F+Asl A
daldtt. 1 AFA=E 39 3-5-13% L F5S dUoH ol diffuserd] 93 FF
W A4S JYebdth, a3y 3-5-1390AM & 50Hz +5A H¥ 244 0/ming % & 4
At

3. p-actuation 2 propertye &3 2 Ag A=

(1) d3¢3 AFololei Az L HFAY

A3t fFAlQ ol$e A% FEUYEAN Y R RPN F

2 2 aHA 3 olFFAY &AL AL FU Yk FEEEE YA =87

W ERNES AL F Y AAY A BT AR
ol

,T_,IE_
g dFoolEe vagy Yo tAEHE A T JA2A2 A9 olaut

2 N

_
43
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Tog WEF AR, LI EHe I& 7Iste] o2 Qg BIFEHY AHYIE o] &
“]’\”“1}2 TFEAI7IE Folth, E3AE HFoolg o] A FALAQ et vy

TEE 7FY 712LYE A F o, olgd Ik AEE EUR 3te dFooly
—‘% AA, Azt AlEE B5td AFE ETYY d3Fcolg g HeE& EAGIn
Ay A o] F HAE v, HESHT

A, AFE d3YFE AFdolHo i o]& ASXN(AMNFG AgAX(FHAAE (29
3-5-14)o JE}ATI). 1Y 3-5-14(a), (b)= ZZ @2 F 39 AP gy AY
< WHIIAIAES o] et ) ¥HHEFE Uil agzeoly, o|2HEH 3EH HF
o] FojFol watA, £ 4Y ol FIge] wetr wate] HopwyP o] TS 4
A g 5 Udd. 53], 219 3-5-14(a), (b)ellA 12V, 133029 A Sdde ol&Hoz dF
g g3 AA FAHE F Atolddl 2 Aol7t USE & F dEH, I ol BH FAY
A A A el (liquid-state)ol A o] e} F7M%E FARYY] giEolztn AT, AAZ o
#E olBH R AdFde AL oy, EZ ol BAEFY 2=t U7t AEjlA
of Rl wWS ¥ o2 AAHARAY, a2 AAGEHNA S ¢HFIME F
Algt 37 74 32A vdEide dedan @& ¢ A g, olde] AA ALY
200ime BFEZY QA GEHAA Y FHe FrtE AsiA] GG wtuke] Wy ol
& 5 dA.

ol 43 o] AW FIYY WFoolE e wiute] Ho WY FL 4509 ) AF
o 12ve] AFAGE 7}"2“ 3% F 400m=E YElRTh X3 ulelaz el VR BE
X ol 2 Eo dojMe 48 dF9 g& R Eo] A=(conduction)ol] 9
A EAHAA = Zié ?4_’ F UAReH, dFY £2&S =ol7] HAME ol A=
o3t d&A4 S o AAHozZ g 4 v Wyol netFojor & ol

oy

o

-
]

(2) AA}71E oFo) o] ¥ (Electromagnetic actuator)®] Az} L Ay

AZA71Y AFoolEHe AAF WY wgtd dFE &8 o A= Lorenz forceE ©]
3] wete FHAVE Aotk AAVTE WZo AL AP A% vla
Hl dFoolEE A AedF ¢ AAd A FHLLARY ZAH B4
Q) FAFd AHFLTHE SAHINAY. T n2FZTZANY FL5AHE #As] 9
3 ulay] dFoolEe A& F7] L B KoM 4 AFI A

Ad) =gd Fe FLAE JASFE 6038RE FAHHJLH o= ?4_'?}%1&12113’1-4
Aol vls) wro] EFL At =3 BFLH A7) 58650, TAFoFE A
F FoAA FaAFE 29 (sweeping)3+ AF 4 AHQ g dsl 26-37kk 'ﬂﬁoﬂ A
€ ¢ F U}

3 FHATFFAEES B8 di7] FolA vlay] dF9
2 AHAon ol T HARY dFoz U IAF FAAA F
g dojFE ¢ F AT FAHZARE (18 3-5-15)0° =AIEAH.

dH FEAY AP AR ¥ BE vy FxE PHEF
3 Wol N WASE Foll I AL FAY 5 ALE B ol 2P, 1 F
He (¥ 3-5-16)9A4 EAGARe AY g@xdAFeZ 71" ¥ ol&n & zolr}

& ¢ F UAd

o
i)
o
ol
™
N
i)
y
)
[\"]
(\]
w
N
&
2

mlo
A
o
)
N
A

_73_



4. Micro-channel/duct A 7A], A2 = A5 Alg

vtola R ZFZAMAAFTAE ol &3 47FA] FAY diffuserg A st TEFA ?J’% ik
AFIEA Ak} FEFES FASGAT. o TS GEAA Y Far FFEA
ol H gk}, ‘

o4 gFA ARE AT H GAEA HdYE ASDE 7129 ol FEdsted RIEY
np23 2 ARGt diffuserd FEE =3 HAMY RIEE B3t AR E0 FAss 7]
€ ¥ KOH A& T3t dZRES T4 Ak

diffuser#2¢ Aelot 2JF-ote] AZ2E st {7t asty fFEe oA 713
T3t J1EET. JhEF ISP st diffuser®t Hdo] |l P wmpo z A
Eeo ol AHEEHY ole AFAFLAZA fFeit Hgol "t

wrute FF317] 9138t piezo electric actuatorg AM£3t0 ole ZIW WEH Hgd
ot =%, #ol frEle T Higel Hol E5 EA €k @ Eeof Holo ¥tz A
T3S AL 5 A Ho G WHEe Y dH A Qs FASA.

o b

5. Micro-pump/actuator®] A, Az 2L HF Ag

(1) Piezoelectric actuation® ©]-8&3F Micro-pump®] A A, Az L AT Ald
Piezoelectric actuationt® ¥& FIolr FFo] 7tsdd A F& L=
piezoelectric actuatorg ©| &3l HIXE A A F3 A piezoelectric actuatorE ©] &
g Hxol Al 4d A4 100V, BERZE —?%01 He 29 1% 3-5-13904 B u
¢} o] 50Hzol A Hjfr&Fol UYEl o™ {FFE 2440/min o] HAG.

(2) Micro-pump& 9% electromagnetic actuator® A A, Az €L A% A Y

£ dTdA Atdte HAA7|E vlolaR AFojolE e p+AE Bt 9o FAY T
Fdo] M7 EEE YV T Ao 7Aooz FAFH Yo

a3 3-5-172 p+Ag E utety 3de AF FAHELE JEd RS2 520um —.—7/1]—4 4
Ax (100048 AYZ dolHE 7Hoz A&yt WA, aY 3-5-17(a)lME
1100°C ol A 9*17P ¢ T4 i TAHE FAFoEN prAEE ek AP oy,
A7 AAd273 RAY etchingd AL w2aZo =2 ALL317] 98 25004 49
LPCVD A& A3%e PFAHslgt. vz a7y 3-5-17(b)l A= 4mm X4mme)
AgE g e 93 A (etch window)g A7) ¥38t4, RIE &R L o] L£35tH
AZE ZA3He HEIsdIdth 28 3-5-17()AN e A7NEZFE A3 seed layer2 M
200A/1200A FA1¢} Cr/CugdS A9 ey, 21 3-5-17(d)dME F7A4E PRE A%
F ARRPLE AXAN zedEy HEF E=(mold)E FAsHEY. dgeg FIE
A7) =33 F seed layerq! Cr/Cud AZtslal, EDP& S Al&3lo] A RE A
PEZL HAFgoEZN, I8 3-5-17(e)% 2 Atdugtas mde AzFHL S8
19 3-5-182 A FE ulo]az AFdo]HE Yol 2 A Aol

S0 T19 F7Fx] A ufxlo] ddle] A2t nlolaz NYFoolee Axr] FF R
Zg =AM, FAHL U7 E(sensitivity) 20¢m/V, 385 (resolution) 0.08xm=E
PR EA=
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29 3-5-19¢ AAHA S04 B¢

714 wlola2 AFololEe) Fus $YEA
2 Usyn len, ozFE S0 5

FRAFIHFd EAAAAE 4 1051 £0.06kHz 9+

4591219 S & 5 Ao X, T19 ZAfoe 24z 10511022 kHzel 466+3322 &
HEQon o2F o=x9 vud FAE E 3-55d AFsAh A, Az
ZololEle] Fi4 @ 24 £F 3o Fug dgd(1~5Hz)e 7tA Fa49 2ujst
He 2 A9 FEo] B2

S09} T19 AMuxe) A$ FTAdo] 2= AFY A7|S WA 74dA vlo]jaz
dEoolE e RIS Z2 2APen, 1Y 3-5-20% 3-5-212 HF Ayl gz F
T AEZ9 WatE nyd F4 106kHzolA £ Aot SO (2Y 3-5-2003% Tl
(1Y 3-5-21)¢ vlEs) B Seo] T1 B} v 2 NE G B Aoz 2AHHYD
T1e] A$ A71% BEXE A B o) M(simulation)s] 2 AF(2Y 3-5-22), olad dA
e QMo FYPoz As TUol FHo| Y= A Zog A5E 27F9 A 3
3 Zojm: HA 71U Roz BN & gt

g 2g 3-5-22014 @ & AE whe} gol, F A9 stLuld AR FHo] gE
AN Zoz: A71Fe M7t dASTGE Hol A, THol g Mo Y&
450 pmTHE Dut Zo g oA ThE thA AFL FYstHtt. o] APozRE Y
3-5-23°1 YEeEl A= vl o], Tleo] SOET AC AF 268mAdA 24wiAE ¢ &
AEZ e vehde syt '

ol
ol

¥ 3-5-5. Electromagnetic actuation characteristics of the fabricated microactuator

Resonant Peak-to-peak
Magnet £ Quality © . 07pe
. requency amplitude at
composition factor
{kHz] resonance [ g ml]
S0 1051+0.06 |[45.9+2.1 1.8
T1 10512022 |466*3.3 44~

* measured at the rms AC current of 255 mA
** measured at the rms AC current of 26.8 mA

7} 5}

T-

s
-

A6 A ogF A AZ Al

Exq A= @ £50 2ANe FAY 5 gk AA FY FoE= o 7
x| 2do| TRHo gomE zzte] BASS AW g e AM7 B
sttt Ztzte] ANESZEE Ue A5E Asr] dsHE Bdg At
Pas oA o 7Hx Wyoz FFY 4 Atk o] TN AL ¢
doz Bolox MM NEEL 25 Yoo o £He] 2ASL T ¥sT
Jerle Boste Aot = HuHAr|e] gL Fr.



2) VBB 2LE o848 GFT A ZZAA
AR 2go|Fd HoA o]FfAE Az AL E R Holth AL
Z|E& @ol 2ojd FARHA Woly HPA2AE o] & HAUY 7ol n]
3 o33 L Gl AU 8

- BAFY BE HEAHIE HAAY ds A F58F 4ol My ojo}f
371 Mo B MY Aoz mysiic. ey AAIELL 6y &
doz 2y3td ZAol7] Wi 7iE&Y MIPA2=HoN BAE F e A
xE 9 F Ao .

- FeUls dER 29 sl FAXY G2 Yo F§E5E 1 FHFHX
B2 HEo] €& Ak gFE FRE T3 FFER £8S W Bue Iy
71eS Zed. oJAL Foi FHol uiFox Al2" A A WAEAE

¥

i

-

O

l

ot gos A dndth 3 76 U Fe4ol HAoju,

- smgo] 7H §o]¥ AANZYEL V& s15e S 452 Bo| A7
AA BRE ZAE E 4 UAES @ Aol7] WP s=dojz wE 4 E
@ SEdol® BEE FH Fol oM BYH oA ARE ASE A%
%ol ofs) wag 4 sl

- vpolodAlgte) FEH: B THAl HEHA A vlol Mt WEHAA
g 2PN e wole ot ABHUALAE o8 ZTZANE DS
W zee gngEoz AT & YAk Aolojof Aok ARFH=de YE A
5 Ael PN Y3 Rolm2 oo HPaTh

3) AHEE A 2ge 72 A

- O3 HdEE /.‘_’75’515'?-‘ HA A ARG AAZwe] 2l 71 Pol A&
He g&2HAEE(Multi-layer Perceptron) 7% ¢ A 29olty, 0 FxE
oS3 Zoh

1Y 3-6-1 GEHMEE AFH2Pe T2

a8 4L HAdd F(HE Uil 43 9 Alojg JdFAMHLE AFX
g tf}—’ gl":‘ )‘]L Eat= L}E}"T“_q' ?:]E—El‘% X=(x1,x2 ..... xp)' E}—T’— ?3‘]—2}-, 0:]7]
A, Pe 49 5o, BA AW $& N Aold. o W 2L gy g
=

Ov=1i{ T WALAC 3 Wit 011+ 61)

A AollA & F ARl 2L JMFA Wb 7 vdY g4 f2 2A"
o 5 e BF AaRCl=gsE Bol AH8dn. ABELY FgF5e A



o] 7}FAE FolUe Aozt & F AT B FAdAE 7t Bol AL H
= x99 A A9 (Error Back Propagation)ell /IEH AR =2LgE FFAAG
o B33 g duElFo] U9 VLSIZ 73837 s e b =
2 o] g "o

FZ 279 VLISITFE: 2 FAd A1&& st=doje 73T Aoz
o] Fo|z glt}. 84
Al 23 e] FE:

A2 5 73 AolE dZ3e dZzdold 1f9 7IFAE 7HAx
ATh ZH AP A A(cel)e FZo FAHAAM 2= wHY A48 F5(¢) =4
x¢b AT FAHAN ©E Fo FHAAM HAFAHoLE HAI(correction
term) 48 YYo= ZET YL ?Qa—‘}%k ol Al 7HER7E FER
wx S BAgo] 71FA7 FAA ws 7F Db £ AYE YRNE s o
2 BAg o 4G +r = FFFE 7 & 01%51]"1 Agx 7M. w & A4l
AlZl}. '

1% 3-6-2 Al A(Synapse Cell)

Al Aol g4 75 AR oz Udd] FEE F L 42 2
HEFAE AHgdd. g O9e o =& VLSIZE FE8s3s7] #%
layoutelth. AlY A3 250709 A=A ofg 2 12 7|(Analog Delay Line)
2 olFoA Utk AY2FE WER dAFoEH ’\l"“"“—J A71E 24 F
ATt G2 aXFYE AHKFHOE Eojevy Yd¥YS HIEER HBANAFE FHA
ojt}.

a9 3-6-3 Al 249 layout
FAZNL AY2ZRE AGHo & A3 S A 43 F5FS FAA
58 g Z Fd Acel)2 & ZoAH e Z APgxr 29 ¢
ZoM AFE S0oE AR =2ws )EL PPo=
th £ AaRolE @43 FFE 54T & F9 APE FLF o9 I
o] Al YA 715 g 7gAld AL&=E= B A Zk(correction term) § & &8 3ot

a9 3-6-4 73 A (Neuron Cell)

wde WRE AaRolE FAHH ¥ N2 AIBO|E 59 tEPS

291 @AY FA22 oFolH Atk FAVE Gu%Y exs NaRolE
lgdsl ¢ e A8 ASRG. Bee AIRSPHS AaRjSuR
8 U] A Hzeln.
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a9 3-6-5 A|aRo|=3=

a9 3-6-6 A|aRol=ulBd43 2

THAE layoutd ZHo|th

iy
dlo
flo
s
I,
rot

29 3-6-7 wH A9 layout

4) A32% B

FEPH AY2YL ol gd VW AWAY FAE E 5 3k 4R
2% REg AZsgo 9 1007, 23 1070 ALANEAS & 4 U=
Nedols AAH oz syol stsstt. BAY FH me} SF £5r g
AAAT AFH=HE TS deds Aol o lbuseco|ZZ @ ol
ohsl 500049 WEe Tl 4 BohY 0% 0msec FESY Aol 229

=

1% 3-6-8 A3 2% BR=29 ALY
[ 23 ¢ 2]

.9+ 23

7F 1AdxE 47 Ay

o FbE4 AT N1EY ohgrI A

252w e o8N »HEJA ANzdg BE .+ deAd B A5y

-4

@ o2 MBI =RF ) FAl} ftge] g A

XOREA: NAB=22e o€ 23] #7112 & ds ZFAE XOR £4

7t 9tk & F 749 4w sde £2do2 o]Fojx XOR ZAE 473
2oz F 4 3t 718 B Zot ARsedy 4s5e A s
WA AR ZUAL o5t XOREAE Fol B3t



X y x XOR vy
0 0 0
0 1 1
1 0 1
1 1 0

o]
21 3)
o},

+=(Linearly Non-separable) A& %

,{‘T:
DESAEEE ASHY BT Ahss

Mmoe

2

0
2 o

Y 3-6-95 XORZA W3 23 m9¥g B Aotk 3749 Ade
A BFa gtk A WA Ade A WA JdFe, T A Ade F
A gL 27 degm A dR Ade 2 ARE Be Zoh QoA
A AE XORZAS A2 NFE AL FAY & U} ojRL ok F
g ASo|XT Byt BAY EAE 1 TES #3FoEH T 5 g
Aol ol@Hoz AdalAd gtk

&

a¥ 3-6-9 XORE A9 &3 493
U, 2atd e AF Ax
@ 7ES oigEa AAZNEYFHe GHE BAT M2

Zgie] B AT
@ tFaAuBAL Aage AR (1E ARHNZPPL o &8 PCBR

T 4143

He

£9) A7)
Wine £4: & HANA F39sals 2 Y4 B 42e 245t 33
Agehs golth 22y obd Wl ) ¥ & YA £ e vl

x

T2 ol Y AEY s ok 2W;M AAFAAEE ol & I
o] 45€ AFsHEL A 2 F MY Bl Aoz 94Ag o
o) e we o 94d9 FTHE ZAS: TAE APl AEsSAT
WineZ A= offieh Zo] F 13 T/ dde 7HAv 1 & Aol =
37k el fRler FRde= Al

+U >\'

1. Alcohol.

2. Malic acid

3. Ash . .

4. Alcalinity of ash
5. Magnesium

6. Total phenols

7.

. Flavanoids
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8. Nonflavanoid phenols

9. Proanthocyanins

10. Color intensity

11. Hue

12. OD280/0D315 of diluted wines
13. Proline

33 3-6-10 £ 23 2188 ABFE2F FEE BAEH.

2% 3-6-10 wineZF Ao A} 29 AAFELe Fx

[<]

g
A,

o 1
L

£ o

223 e }Z]D% Z£9 & 'high’ & 'low'd] ¥ 7FA %<& 7}
Z9 wFH& BF 60|t

29 3-6-11& Hspice Al E#HIA Aot ZHzte] sfde E3gte W
3o} SRS veRdch ubxg sjde shETIE dAVIE FEE] 4
g AFolth 30us7tA = FFFol olFol Ax 2 oFE A (recall)o] olF
AR Atk F4l us 7t AUF EHhel FEIE Bt RE E T
=

%2

a8 3-6-11 WineZ A 2] Hspice Al EdojA A3}
2) |7+ &

ol X WineEAE st=goiz Agstn £ olf: SasE HoA
Bl Adzel 71EH Wste e & 9t HEdd g A7s) 239
E7AX £33 o|Rolxx) &kr] ot

ohg2a NANZFNMN 7Y F2F REe FArIY Aolth  Hspice
& o8 AgdoludIAE dlng AR F471 54
W AA e BEo] AP B 2 SHo 4
At olRe AL W= BHA WA FHAY BA wWEolth pa
A Ag AAY AT AT ATl TGRS LEolok Tok

T ge EAE olgzazze HUusod g5 AU W Ha
@ 10bit ol4e) LTS Bastn LA st 2dy sles bz
szo AUEE hitdE vl B Peoh

A = AR TAE BFAT AWLY £3 ANEHIEY § 2o
5~108 A= 8 AA G=dojHozr A4Fe & W dge] He AE
g F UATH olRS AAINZH FH FoA sHEA vuHy G

[So] N2 djsld o3& BAH F7] BEol 7t
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oz o Rgsel ¥ AT WEL gL 2.

- FYE: gAEe F¢ 0 olydE 1 °]7] W o= Fx A7} Yol=E
A7 HA dev. a2y obd2ae] BS FIolw Al RAT Y W
of 423 Rt FYVEE Folegld 2yt A3 EFsAAE @Al
Jot. BE I AP O JYEE 3= UF =€ F U
o a2y o] AL AEAARLAE FEE 5 fle WHoln A ARE F
By HstedE 2 Aol 4.

- HF WY Z]19FgA: AANzGAME TtFR Y ghol FRE TR B
L AsfAE Ao FEE I & Ased AlRte] Agel met
7 FEHE @4l dojdn. wat 53E Z19FA I dasit. AR
B gtS ¢lo] FFE ZIFA AFHRTRIE AP de] A A Fe
WHoe JIEAEE 719 £ v a2y o] UYL ¥E9 t=doit
dg3ly] Wil AA3A 4o, EEPROM 2 ¥ 3d4 7194x8 AHE
e Wyl oy olgd2ag YAdEE uPE Wxe 2yt Pasi
obdza FEle] wHFHLA JdiE dFE ¥ UAAT 2 FTE=7} 8bit
FEN HA Fed. &)

L

Al 7 A Multi-biosensorE £ 3 vA F+ZF &F
(|7 7 )
1. vlolazAd A4 A+

Yojo] FHsol Yt 54 vudoly TEFe 25}
& 9% slol2z Ado]l WAt} J1E HA AYe VEE PPl (1) dels
ARl AYE AT $& IHY F O AT Fe F2 1BE bondingde B
(2) LIGA 34€ olg3ts 24 (3) 7%l Ad 2Fe 428 F LPCVD #%2 ol &
Sl sealing e WA Fol A AP WATL AU AR Aol F=AY,
kel AuE Wez AU, SolRes Puz Yol AFMIT = BAYTol
t} 86)87)88)

2 A7dAE slolaz AMde "] sl A2 37bA Pdel el AFEHA
.

1 flsiMs d HEY olF

7. A7lgeH oz AeEe Hstel Ade G

,.
%

71383 2zte] e oS3 2o HNOsSt &2 23ty F-sp o] AgEs
23l 23] 33 E(water-soluble complexs)S A stE 20|20 TFE £ Yo
M A ge] Azt wrgo] wagith HF-HNO3-H02 A E £ oA Ag&E 7]
Be ¥n HAIE 7# Sdo 2 G333 $F& YAl FH FFoA A Eo]
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Azt 4= B 3l(anodic dissolution)7} Yoo}

olZA HFol <dlyq ZFIHE gy AzE A7|ssH 24 Z(electrochemical
etching)ol gt 3}, Al e GFEe FFY T80 add], ol F7HX9 §4&
4 0= N

ARE A44EL 23T F Atk AT FFo] gled HIAE 7| AAHC A=A
THEHA AFo 3] FFo] FFHAT FoX FFE FHsA Fo2HN &3 vk
& FI7HNE F U a8 2E "AYsEy Az jhg F=
AES 2EE 5 U

EAE 7189 typed mE MAHYZH 2Zoltk FF Fo] 237l &l p-type
71ge] 2Z}Eo] n-type 71me) Aztge] vs WSS 2 =3 n-type 7|%e] 7§
71%e] FEE vEoEN HAZZEE 2HE F U

U gEd 4L oj8F nolaz Aqd A ¥4

AEE BEAS X gste AdidolA A7 A Absh R vgS A|F|E dio]H
o] Zo] ®3& T columnar TZE poret §AAHE A& th&3F AHeZ(porous silicon)
olgtx %t T A AHYITL dEA HEITxERo EHHo W WHE AFHE S=
7b ol wadg gF3d H2 9 ol EA S ol§ste] molaz AEdE FAE= W
Aol ths] Akt

Ao JF3 g E¢-EY T/F ¥ wxd get o2, &, p-type°] n-typeX
th, 13529 p-type (p+) °o] AFES p-type (p-) Bt} F A&7 w27 dct 89
d 3-7-1@AAE p+ & p- 71VE FS 2NN 4 gFAEE Y dFTAS
ET‘:— p+ 71o] 3u) 7t w22 33 3-7-1(b)AMAHHE p+ ¢ p-& 2L 7T
34 F 9FdsE 82 prt p-ET 1008 ooz wmEA FE d¥gez AUS
0}93\:} oleg HHE o] g3te] p- slWo] B9l Qe A Polst A7 25 pm, 07
pmZt HEE olF A4S i tEFASE E J F4E 9L HdEg¥dezr g3
g7F HA 23 B4 4" 99 (pH)L 71 (p-)RY 1008 o} wEA o3 A}
Hol dlol# e o] g £33 Wgoz HA FAIr I (29" 3-7-2) 3
oz tFdst @ tFd AL 01% KOHE R =2 AAE Rreeq v A

0

ﬁ', b

B&Ee 2F ‘;l FEo W& tIAs £xe AAolE Agd dig A ‘QE«I Lol
2 $F3UY. 2", 3-7-3MHYE 5 XJ%MI o8l p-typeol n-type it} ETE ¥
©7F 5248 AF YErh 27 G T, T FFol AWy W waY gF
AL B 5+ Yk

AZd vx Ade FAE B4 e A ol o AAHY, nulx Ade =
de & wpaze] o3 AAPozZ Ao RPFo] ssatrh post-CMOS FA o] 7%
itk Bzl wAejn ujid Adzte] fAd ddoe] 7ted FPFEL JHHG

¥, 3-7-4 £ 2x2 Y buried "l4& Ad AFF FAHEo|th P-type (100) Si (e
=10-15 2cm)E o] &8t WA dolve £ Wgozw A dAUA 7] A
B4 Fihg 975Cel A 6083 4 A3k3 junction depth?t 25 pm7F HEE 1100C el A
6087 dxa g jd nd4 2 5 Ws "oz ste AME AR e < &

2 925C 25% st ol u juhction depth® 0.7 pmelth(2¥ 3-7-4 (a) (Fx, AA
|28 wE7] ASlM = n-type epitaxy F& 712 Fol F2E AFdA) dFAste
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A#)d HF:C2HSOH=1:1 ($3¥), ¥F PE J=20 mA/cm22 108 $¢ ¥t (29
3-7-4 (b), (c)) 01% KOH &<elA Az t3d HaZe 473 na Hde
AR BT (2Y: 3-7-4 (d)

. 9 ZF32H(thick photoresist)& ©]-&& 42t mold A&} H7I=F& ol &3 A
g gAduy

14

> ot %

Microelectromechanical systems(MEMS)ol A 71#9]o] F& F2ES PAste
o2 F7& ZF o (photoresist) S HAF o2 HrixFol de ol&H1 g, o
through-mask-plating 7l€°l&tx &o. 29 3-7-5% o] through-mask-plating 71 &
2 71% fol E2TAHE YA BRI seed FEE FFAEL, I Yol FAS #E9
¢ coating® thg A1ZE photomaskE o] &3l wtEA FA AR Azt FHL 3
ETE gAY e, FRAZ 2y FL9) A7lE2ETHL &, 7393 seed layers
32 Uw 1gAY 34 TREL AL & ATHIO9 ‘

)

dFMe mtolazAd e A A & stue HHoZ o] &S ngoes
3 Al 28 W el Multi-exposure and single development(MESD)E ol &34t £ &
TFollA A ZstnzstE vlola 2 Ad £ vlo]mE ZU|Y AAd FEREoFY & F
JdedH, o] F& TEEEZ AFRE] A FAL FBUH} XTERAIE o] §3H9
2 e A w33 IAHS AXRA, I 49 YAZE AFA FGEEA vielaz Ad
of Had BE=E A, B8F 59 HIEFTES B39 e vlola=E ad g
A 23t Hygolot (ZL¥93-7-6).

MESDel A& F7% #Z3 2ol moldeE s, old 718 $8d wgrt 294y
ZA el a¥3-7-748 FAL A3 A HAZ FAL 3L F4H AFE =%
Al71E high doseZ A ZA HFS A1, T AR E 73ty AA FA9 AR
S =FAIE HAE9 low doseEZ =FAZ oL AL W 2¥€ I 2ol moldE 3
& & ok AA Fa3% Aol LMol ZALFT development AlZHQId 1¥@3-7-8
Zo] 90um FAQ] AZI262 ZF ool A =33 AIZFS WA T @4 AYE A3
A At

i & o?L e

2 mARI Tz BE AT
(1) A718etd Wae Tog 2%

ulo] @ Al A (bjosensor)& EA 3 AT E
ol AA Edoladtes 5L 7IXth o

o,
1>
ok
rlr
r-_*u,
_|.4
lo

éioi AIE—E— AdYstes F
A—]_Q] M2 Clark @ Lyons €°|

v
e
o
I
o
o
r>~

528 A3 nAANAM BL HFE VE + USE HnAuUAREH F4HALY
B AMMNZ G 71EY B4 Hgol MAFL W Ae VAT sy Az
A AYE 25t: 59 wASS Re 2 IRy A8 pustn way Nz A A
2 adA gt BA A2 ndsAT olF weledMdd BY ATE BAL AF

stel A MY GJop® ofUet AFE AY FoE 1 ¢§ MAS WH stn Yok
24 29 oo AL A8ty AEE AAste AA A% 2R B
AEE Y7 2AMEE ATE WAL ¥ AA 22

A ZHbiodevice)$t A=A



A3 ¥ 3R E(transducer) & 2 74 ©t}.93)

Hiol2 AlME FXAE Aol gt FREAACH Ex1d Axloiual F4 AA,
BY AA, E4UY AA, t]BE AdA, 237 AdMF o2 BRIAY F3 A5HE 2R
o wa FHE F Add AR, AL, AF T WHI}Es Az A7FT AN
(electrochemical biosensor), ¥ W& & ZFAHs= LFAZ3 AA(optical biosensor),
AFg W3E Foro ¥stE WA 2= A WA (piezoelectric biosensor), 1
i A EFA ¥E A] B E X9 HIHE 2AIH: 9AZ AAM(thermal
biosensor)2 ¥&F® T}

AF SAU(Amperometry)@ A Aol AFo] B E AFE Ao A
izt 3t B &S dolle Wgeld. A= 7z wa 1y 3-7-99 o] )
& S (reference electrode)® 2] A F(working electrode)®] F 719 A2 ALL3
two-electrode system 3 919 F HF o] BF AF(counter electrode)E H7tetd A
Mo AFo=2 ojF o] three-electrode systemoE Wiyo] Atk T Jle AZL A}
&3 Bfode AA FRE FDIAT SN A AR A AP AFe AYr)
dAEA FAL & gde G Utk BF FFL AHE3$ three-electrode system®] 7
Ft 288 AR HEES 7T AFo] old BE AIR o s2/ FoEN HF =
3 Aol et ZAEE A} HAF &4l A glo ¢AY AYE AL F UM 19
Y 4 ume vlH AFE AR & A Sole FHY AT WHo| uj$ 3 JFE A2
9 A 7t ER EQUe A} Zdt FA @ A2 FolA A two-electrode
system2.2 ZHo] shEdith o2l AF SHYPYL O E Y vl B 71X FAHE
ol lth A E AHEdtd EAHEA fAEd S B 2ys= M) Az 2L X3
A V5 g vla3y AL 7€ = Jdxn o BN wer F712 2 F5HE Al
ol Edgsty &4 AFvio AYFoRZ HA: A IFAS A & F U a2z )
AgE ARYes 487 A8 Es Fatsls2(H02)7F A7) AtslEo] & 5 gls &
3 =& AYES A2 A Hu olF WHolMe FaslFa Qo] e g9 o
TEHAN & M7 848 ZE UE AAEDES AsEHo AFE HASA Ho
DAAAEZ 2. ol T RS Ay 98 9F AR A DA (artificial
electron mediator)E& AF&3ld W& HYolA FAHE AU 2Bte AT HdHo U
B EFEC] AFoze e e 4 g ®

2 @7oME AN XxF9 IS A M A BAEAM 52 U
glucose oxidase(GOD)E ME 1, E4 989 Ao gzt YAHE AF ¢S
3te WA oZ Ar|seh By Algsdo

ZAFdATH 71EAFANAMY wge Y 3-7-10.% 2t} glucose oxidase® L EH Q)
¥hge gz

LN

I o
X o

glucose + GOD(FAD) ----—-- > gluconolactone + GOD(FADHo>)

3ol 93 AMAdE GOD(FADH2)SF ¥ o Atas ted e wgs £
& HAislrEAE BAEA P

0. + GOD(FAD) ------- > H20: + GOD(FADH>)

A=x AAY e &4 glucose oxidased 74 o] e} o] st
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glucose + Oy ———--—- > gluconolactone + HyO9

ol W, &Y WIH NE AT Alolol FVAE A He A wgelA 2AY B
BPsLE 2 ol B2 FASUA AXE WEA HI o2 A T AT Aol

AF7F 2AsHA EH.

HOp -———-—--- >2H + Oz + 2e”
o] wf HAEE= AFE A AW EXEFO ol HH3A HEz2 s Ex9
o9 ¥ 2L+ Ax Rold

(2) A A= R Multi 35 7 4 7

A7131 e Ao glojA] vA HdFE&  HAFo] vig] B FHEol s dvtH o=
ZAE 84 AVIH AFol AAX viF o]& & FUlelo FAHsA Hedw ujA A
Feo] AL 5225 AFY do] FolAA HFUHe HAYA3rt £oiE°] d2 vz &9
o] =Ao] 71538l £3§ two-electrode system® Al-&o] 7}5dHA "ok AF Aol
7] o £ WoAMRE AFoze Filo] FE Aol dojuA Heol &dS A
of(stirring) & 87 A €. &= JHERe] &do o3 AFHAC F3A3A| A
2% AF/ AFHA FASA s2¢ AFEYG ¢ FHMA=ZZE JdFHez ¢ &
AR D=8 d& 5 dA o

E dFNE 71&9 wex FAL o83 & ume AVIE FAHEL e A4 A
F¢ AFsgct B AFME 71F 233 AP BIL AHEEE  two-electrode
system& ALE3Ach dutygozr J|E HAFo2E HEFF A F(standard hydrogen
electrode), &-493< AZ(silver-silver chloride electrode)®t Z2% A Z(calomel
electrode)5°] ®o] AH&dHT. B ATy &-d3L AFE 7IEdToz AHLEY
o & AT AL AHH A Zo] YEU) W lift-off IS AHE3+A patterning
sttt Liftoff 332 $4 7% photoresistE o|&&#A F&0] S3d ¥ & 3T
2 AAsE F&o] FAHAE dE FEAE #3e] I=EF AHS A4, 1 H
o thermal evaporator FH|E o] &3t &8 F§ F photoresistE oMHES o] 3
AAGozZHN Yt Ay & AFS AT 5 e BH=EA FANY. liftoff THE
o]gdled & AZFE FAHs T 2 Fo 0025M 5x9 FeClz £ &0l 43 A3 FolE
oZH 4328 A _

2 AFL F AFE ALY 5 AFY FS A #F HA fn vEA 3
oz 4HA FAE 4 Aot thermal evaporator FHE o] &3 F& FF &
photolithography #}4 & A & AZFE JASARY. ol8is & AT Yol A3k A
714 AdE& 3% Passivation 2% PECVD(plasma enhanced chemical vapor
deposition) FuvlelA HealE AslS A3} H hA] photolithography #HAH S A A
d3te 2719 AFE dA & 4 ) photolithography] Z-$ ¥ ¥ 73 F
8% FHo=zA #A lum ol A7 HH= FA 7tedith. @A ole g ¥ A
71E& AHS3lEE A dsle A7) A HIFE &4A a2 gFeg Aile] 7hEE

o},
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At 22 S5 FIF TEA liftoff T, A A4 A, S F3 IAHEFE 2§
St multi A5E A A4S 5= U ‘ﬂxi Al E 718 ol dasigs AFANE
working A= & F4 & thermal evaporatordl A W] F 23 & Az 2z FAHLE F
3 Y3t RYSEZ patterning F F, = O E F& HFo] oy ZAS ¥ pattern
o2 liftoff S T3t FAAE 5 Jdon liftoff IAES WEFo2ZN B 7R FF
AFE A4 & 5 U

A3 AVE A oz A3 ‘4'5}‘-}% dHE AA A5 FF/RIE FolXge ALY
gl ol #Asy] A HFY FEE arrayE AF3}AGT. A2 AF 2A7E ZEE 7
AAFE A2 /] EFozH 2359 %—7}% ol F AT (2 Y3-7-11)

(3) vlAl A Fxe 84 1A o] digd I

B AFo|x M3 FAHT biosensors ¥Hgol BeE FAE FE A 9o A
3atodol gk B FAA9 12xdEoA A I=F =L 94

GODE AFol nAstE PR HAFAlold A}E 7FeiFo] & HH S monomer7t A
F ®d B&HEAA polymer2 W EHE electropolymerization WAl& A=)
polypyrrole A7 AEAS zte polymerE wHe dA37|7F 41 A=29 EH Ae o
TAIglel & RaEY A7l GA4E Fn EFHoz oy X 2dAA GAH oo
pyrrole®} GOD7F #o] &&=o Qe & Qo AFE ¥ AY AF Fol] FAYS
7}8 %% monomer! pyrroleo] polypyrroleZ H WA #Y WZ Fwo] wuts A3}
A @} o] o, &2l GOD7} polypyrrole ©] 342 wj, 2 Alo]ol entrapment = A)
gt} o]@A AW polypyrrole/GOD & 1 Al ©. 2 size-exclusion propertyE 2t
A J2z oM AFF 4 89 AFo=z9 AL JAE = JA FG.(a¥
3-7-12)

of. vholazada we AW, A3 T I} Py A7

2 QAToN 2EE st ¥y 53 vud 9 ¥E9e e de Hrlge
4 wlole Aol Be# wMATH slo|azARL MRS nAFRE FH3 By
o el ATstse

Aol A7} =l

YAPAe 98 ANclAY 28 23 Fo shist Y A
£32 HAasse Aolth ol HaANE B Ao WP uise A% Foloks}
o, A" *““-4 Fol Zomz MEo| PRI vt whg FWE =Y Zo}
of @t} vlo]22 A ol oY FZEL UARIH ¥4 PFHsE Yo
2 2 a7ME @olN 498 SelI2AY A% p T FAL ARAL 08T
vhelaz FzEel AY e wd ATHAG. FAL gYAe o

CAFE AeE gAY AH Pad vy BEH g, 2n w
ge BHoE AFo| stsdtel &H AxIL AT 2 A
A Az A% e AFeT, a2 o] AATL =g Bg u}
gozM mtojaz F2EH MALTE G T & A =HAG(2Y 3-8-13

oY 3-7-14 £ AFFH TREL AP YARHE woleMME AR F
AEolth 7|%e AE 71V olgta AZstn AEe BFs dYsd oo
7 2

i
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2 ARP 7B AZAo

(1) Az A#slel gae HFA7D, 1 Aol
e zaad gz S s 42

masking layer2 ¥ 8% LPCVD Ag& Asa&
o] HEE FAst

(2) working electrode® ©]-82 goldE thermal evaporationdtil A3 E¥o =2 sjH
2 FAsted oldd HWd UE el HHo|l FAsch

3) 71 AFo 2 o] &2 silverE liftoff 3AHLE F &3 -

(4) A ATAtol] M7 H HAF AT vlo]laz FZEE Alo]e] AL A3t
PECVD A8 & AFHHSiINXS FFHsn A3 FES =EA7]7] & 2 2y
el & P4 , :

(5) vlojaAR FZ2E FAAAA A

(6) vlolAE FEE
343
e

oN 2

71=39] seed layer% golds Z &3t}
2 AFAFEe TAHOZ AYH uiE, a_w;gtq,] HgHo g o&
g NiTZES 348

(7) sfolzz Fx2e WwH Adw vise) Y@L 9F MESDS A/IEF FHo|

(d+ A5 2 nZ]
7t vlolaz Ad ¥4 A

3-7-15% Alzte] @& dlolHe 3 Wgoz IUPHE tF A HLHUE9

o Atlolnt. 19 3 7-162 Az Rxay vk Ade @d Apzlojth
1% S48 e o438ty Al uF A} FFE doine 3 WEel HA A

o 9 U 5}%’-4 A 2L AZee ok HEde AR

(2) 29 3-7-17& MESDE# H7|=g< o|4@ ulolaz A4 A ZA4E ve
2 side] EREES FAL BFY B=0lx, (bE 2 EEE °|&3
=g dujF Aol (ot Ao guz AdE FAPs) A FAL
olm (A& Aldel AE w FAlol wEAve HuUr FPH=d I FE
ALz ]E}. (e ()(d9 E=E ol&dd UAEFE st T4 T4
Holm olmf AAIFE o] dA JFAHE AL Uz, (f)
YA Aol EF B¢ ¥ AERE R Eo %04%1‘” aﬂ“lﬁ *P‘WIC} (g)<t
= MA}Z o] '-
A

[+

c £
S
i
)
o
lU

HJEJE.-?ZNlO
w o2
_‘>_~4

off
o
T
2
N}U
[ n

fr 2 ool 8 £
d
o o;"‘

o]
9
o)lZA AFY molAE FZFE 9 SEMAIR
29y 3-7-18€ Y 3-7-17°0A HAH 3HE
2ro Jgue Ao, 19 3-7-19% A Y vlolaz FRES AA A A
Ad), A2 vlolaZ ALY EAH AL B3] A8 48 L ¢ AApolo Azd
mlolzz Ade B Bye SFxoz om:e wam AWZ Y27t RABEL o3
o) S3FE AgAnE Yehdrh zHLbl 2ol 4mmolx, Y27k ol FatEd ZA Al
k& Sz Rk - S

1%0}04 A g wlolaZ e B

1= ]
o

woul i 1S A A

(1) 2@ 3-7-202 71F AFo2 o|&E Ag/AgCl S92 SEM Attt silver&



liftoff X2 AT F 12 Yol AgClS FAF Aot}

3% 3-7-212 silvers HA37] 98 liftoff Tl W8I 732tol mjele ww
AR, gt AW FA¢ wat liftoff 3HLE FA S silver A9 99
sl A= 2R A A4 E silver A9 @9 A7 288 olfE AT Yo
1713 d4E& A3t FE3e ddgo] PECD A3 E A3uh(SiNx)Qd o] dduto]
A=) G ezt Aol A o step coverageZt FX %otr] FRRE HsH A
A ATHLZE o|FAA & & Utk aY 3-7-225 E ATFNA silver A2 A
¥ oS HId9S step coverageSAE B Ro g (a)cHe)E 71l silver AF S ¥
AT AMRelx, (b)ADE BZH9 silver AT Yo HE Aswte 223 pg gue
step coverageE H7| 9% ©WAlZ ot} AlZlo|A B Eo] Mol step coverage:E
o] olF ¢S & F Ut

(2) 19 3-7-23& 4709 gold A3} 4709 silver HF 02 o]FolA multi A
Az @o)F AR, gold AFele 2z g2 sl AFe o] A EHoYx o
o Zo] 1Y3-7-240lth. AlZE wAATe wjde HAHo] 5ume ¥y =olo
A= 20X20 wido]l AY 2z ZAv|olxm H o] 100um7tA FEHoZ A3}

B) ¥ 3-7-25¢ AFE HAFe] RAE nAHIEA vH LA AFo EFS B
Mg Aoz 25mMe Xl w&de AT SHEAoltt ol Alg® A2 o
H& 015cm’el® 2@ 3-7-26914 o AF9 calibration THE RaFm itk 2y
3-7-273 28L& AZE vjAATe EHE BAY Aoz AN & F YSo] maw
T Ao EAo] ofd mAHFT EAHE & YElHT Ytk

ox 1o

2 e o

A 8 A Gene expression monitoringg ¢ gt
Ao &Y 2 DNA chip A%

(@770 B
1. Gene expression monitoring-& % A@d%y Y

DNA chip& ©]|8% gene expression monitoring® Ay e AP FF2] mRNA
T2, 9HAL (reverse transcription), cDNAE 33222 labeling, labeling® cDNASH
chip?2] DNA®}e] hybridization®.2 8 9%¥ < 9lth Gene expession monitoringg 4
Pzl & AS7HA Edol Bud 7Y i e 2rieIns. oz ARz
A (ex. A FFe @44, 2%, pH F)oll wet A7) FA A mRNAS 358 3
AAAe] o3 cDNAE WHEY. In vitro transcription@HolA &3 02 labeling®
mRNA<E DNA array®t hybridizationA)Z1th. A3 =76 wial chipdll T E genes 9
2 d A & (expression leve)7t Betx| 1, ol AN A5 Mrje Wtz ey
A B9 webd o2 AgFxAe] el hybridization patterne] @A H, o] 58 A=z u
ugo M MES EF g #dHd FANEFN A¥zdd. BE ¢ HE S
JE 5 AA "
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7}. RNA #3

e} 10 mLE 6000 rpmolA 10% 5 YAEE A cell pelletd =2 F, 05
mL2] ice-cold buffer® ¥ ¥ 4ojFEh o] &9 03 mL3 30 gL 9 ribonuclease
(Vanadyl Ribonuclease Complex, BRL), hot lysis buffer 0.3 mL, Proteinase K (20
mg/mL) 3 xL & A2 Y3 HolE F 37 T incubatordl A 30 £33 Eol5Fo] cell&
lysis A121t}. Phenol extraction® %3] DNAS RNAE F53 F de2 AAAZAG 4
T, 6000 rpmoll A 1083 dAET A FolA 4 ¥ DEPCE A" & 200 pLo
=91t}. RNase-free DNaseE 12 units ¥ & ¥ 37 T incubatorol A 35 #3F ¥H&A
7 DNAE #|A &t Phenol extraction®} &g A, AAEZE AZ F DEPCE A
g B 200 uLol =<l £33 RNAE formaldehyde-agarose gel electrophoresis&
Abg-3te g1ttt

#% Ice-cold buffer : 10 mM KCl, 5 mM MgClp, 10 mM Tris (pH 7.4)
Hot lysis buffer (preheated to 65 C): 0.4M NaCl, 40 mM EDTA, 1 % SDS,
' 1 % B -mercaptoethanol, 20 mM Tris (pH 7.4)

1}. Probe A& (Labeling method)
(1) 9AHALE 53 cDNA @459 ¥FEFAZQ labeling

€38 RNAE F¥(template)22 st JHASt] 32 A (fluorescence) &
labeling® cDNAZE A48ttt 5 xg9 total RNAY] random hexamerE ¥ 3 70 Tol
A 108 E OF, 498 58%F<¢ FohwEu. «r7lol PCR buffer, MgCl,, dNTP,
Cy3-dUTP =¥ Cy5-dUTP (Amersham), 0.1IM DTTE Y& ¥ 25 Col 587 T
AHgE ANTPEX=E dATP, dCTP, dGTP7F &2} 500 ¢#M, dTTP= 200 pMeojH,
Cy3-dUTP £ Cy5-dUTPx 100 gMelth, o] & 200 U9 reverse transcriptase
(SuperScript II RT, GibcoBRL)S ¥ 1 th& 3} Zo] IxALE F3Pgtt. 25 TollA 10&
Zy, 42 ColA 221k, 70ColA 15835 & §F 4C=2 228 g 9es FH%o
RNase HE Y3 37 CAlA 20 £3F FolE %, TE buffer (pH 80) 470 ¢L & ¥ 3
23}, o] 3148 NS Centricon-30 microconcentrators (Amicon)& ©]&3te 5 yLAE
2 ¥%3v} Label® cDNA £9L 10 %9 SDS 02 uxL7} #A7Fg 4XSSC buffer 11
pLell B@3.

(2) 3% total RNAS 33 EZZ labeling

22§ RNA €98 95 ColA] 1083 A F, €5 FolEd. 7|9 7 nmold]
psoralen-bioting ¥< ¥ 365 nm &9 UVE 3213 &< 718 RNASH psoralen$
cross linkingAlZ1t}. n-butanol¥ 7} crosslinking & *] &2 RNAE #A|AS F et
XA T DEPCZ #® £ 12 gL 713t} label  RNA €88 -20 Collx B{3
1=

t}. Hybridization & Detection
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YollA THE Labeled probe 12 gLol 02 pLe 10 % SDSE Y& % 2 27 #
o dgoA 34 ¥ ¥, £dj® DNA chip (ol #=F) EHo| &AL ¥ cover
glass2 © =Tt} Hybridization chamberel chip& ¥ 3 65 C water batchollA 12 A7+
AE FolEoh

Labeled RNAE probeZ ©]&3A& 7#$E hybridization ¥ 2pg/ml F%=9
streptavidin-phycoerythrin conjugate (Molecular Probes)® staining ¥, 6XSSPE-T
buffer (0.9 M NaCl, 60 mM NaH:POs, 6 mM EDTA, 0.005 % Triton X-100)2 A&
% scan3t At} Streptavidin< biotylated protein (biotin)®} Z$3}™, phycoerythring 3
FEAZAN HARAoA HX gl Labeled ¢cDNAE probeZ o] &3ge A$:
hybridization ¥ 0.2XSSC buffer2 chip& ®& % scandtqtt.

2. DNA chip A%
7}. Microarrayer A|2Z}

12 x9 DNA chipg A&37] Adl-s A5 3¥ microarrayere] 7§go] A3 = o]
of 3o}, B AL 257 1&9 robot slide®] 222 o]Fo}A system™} T+F &
EdE AAAZSAT. DNAS AW L spotting W& AEsdon, FAAHA
Az 2RE2E 2F, o]83t9 spotting microarrayers A st (g 3-8-1).
Microarrayer®l T+%-& 98l MicrosoftAl2] Visual C++ 5.0& o] &3 GUI 7|¥te] 7%
softwareE 7IZsldct (I9¥ 3-8-2). x, v, z EX =9 strokex= Z'Z} 600, 600, 200 mm
olf, o|F yz < spottingg A3 FAwE dZsI, x L DNA chip? solid. support
€ W3 E slide platterg Stk 4 F9 Aol operating programol A Wz 9
#o] controller (MMC controller, 4A4)el 93] & %9 servo driveZ MEHx, Z
motor$} encoder®t VA E servo driver AGH A3 ma 7 29 YA AE 3
st WAooz ol Fojzn . :

DNA chip 23 3+E 93 printing tipe =2 £°] 25 um REZ wire cuttings o]
o AZAL 1/16 incheolt}t (Die-Tech, San Jose, CA). Printing tip2] &L 93
clean station® 71&} 84 ZX e I FFAANA A Fst .

. tjFF chip (E. coli chip)9] Az}
1) FHz &4

Gene expression monitoring< 3 i {F7IAE E coli K-122] derivatived! E.
coli W3110& A AH3IGh E. coli®l full genome sequence:s U2 Wisconsint & E.
coli genome project home page (http://www.genetics.wisc.edu/)oll 4] Wgton o] u}
go2 PCRE& F83lH FE coli F#HAE AH3IIY. PCRE A% F¥o=2E E coli
W311091 A chromosomeS F&3l9 Al 83tF oW, primerd €71 Y& primer A3 =
2aPE A A&l AAHSA} - A heat shockel #FHEHF FHA 5% (groES,
dna], etc)3} secretion & FAX}F 11F (secA, secD, etc), TCA cycle B8 HA=} 27
¥ (aceF, icdA, etc), 1211 Glycolysis ## A2 28% (talE, manA, etc)® PCRE
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o] &3l FAstA
(2) DNA chip9 solid support A2t

DNA chip A& 9% solid support2+% slide glass& poly-L-lysine (Sigma)2.2
coating 8+ modified slide glassE A&ttt NaOHE 43} o gb-g&o] 49¢ &Rl slide
glassE A A 3 ¥ poly-L-lysine® Yol FHA coating 3}t F|FEHS] &H4E A&
A2 AAG F, olE A3 T F slide glass rackoll &4 R&I3}A.

(3) E. coli chip®} =z

Z} A A ZH8E microarrayers ©] €3t modified slide glass 99l Z+ A X}E spotting
g ¥, UV cross linking2®2 2A3AIZt.  Succinic anhydride = (Aldrich)&
n-methyl-pyrrilidinone (Aldrich)ell ¢ £ & o] &3l DNAYF ¥y A && F&
9] lysine Z-87]1Z blockingAlZth 95 CTolA 2%t slide glassE ¥ F, 429 95%
et A 18} Fu flgHe 48 JAEYZE AAR F, . 0]F F20M B
@R

[ A+ A € 323]
1. Microarrayer®} 7§

ZUyolAe] DNA chip FAETAN 71 EAZ He R AF A7 488
DNA chip A&71&0] AFsche Aotk tS o] DNA chipAl 22 chipel 24 7o
ol Folojukel] mwat 2etxy] B & AT AFYEAAS YAAAE @
7 :meEsojo slm2 474 DNA chipAlztel #48 4 glote oggel Iy & aF
AXE NPT FHAES chipdl EFAZ E coli chipg 7B2étd] stgoh gz
Z2% 44 71eo 7HF o] o] &HT o] B A7AA] A 8A4H o 48 ATE
ofe] Mol 2 Roz FhET Ed AT Bo] o|Foj FrMe]IE A, B
A7e HEEFQ Z FARNDY A3 APHL wIE o JFsdn B
- 1YX9 DNA chipg A&d7] Asixe Z}%i}%ﬂ microarrayer?] 7l@o] A3 5o
P ot B A7RL 257 159 robot slides) 2Fo2 o]FoiA system& A #3

2

[«4

on, AAE ol FEL Y3 LT EE AFFEH. |

Chipel %8s+ spot AA& 75 ~ 150 gmols, spott ZtZ (center to center)&
spot AL TAY @, 200 im AES FAL & Yok A% HAES 18mmx18 mm
® A (cover glass size)oll 4900 7§ ¢ ink spote He @, Y Aoz ol HUSA
HYPee #IT F AdD (29 3-8-3). ‘

2. Gene expression monitorings $13 Adwy g

Probe® AA37] 98 T4 labeling FES FEHAT s, 2P RNAS
A% 8323 (Streptavidin-R-phycoerythrin conjugate) labeling Al 4 224 "TE A
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o, 4 3y £ RNAE templateZ 3t g HASE 5 Cye dyeZ labeling

¥ cDNAE o] &3ttt AAY Ao AFAAHLE 24 + Yo 2dgA29 248 ¢

F A FHAAM AERHAoY, AF detectionF Aol A wEINE AARE A 2§

ot ProbeZA] E<IA S RNAE FFH 7] g 2x /A b2 gao] zL3og

2t A% Jon, dYo]l g FgHojof & oy HAT FAe PSS o] LIPS
£ detection®} A ol A gene expression level?] 2}olH & A = AU}

3. PCROl 9% &z 42 93 primer A3 T2 aPe] A3}

B AT dAFdALe2 HE E coli & 43009 MY {AAZ FAHo gl
Chipel =¥ Fdx%E PCRel 93 4T 7S5, sy HFAA dis) 3449
primer (forward & backward)”’t 234 Ho] 8600 %709 primer sequence® Z A 3|
of gt} ol& melting temperature (Tm)2 133t AFR7t AH AAstd A3
4, B2 AR o] 259, RPFd T BYE primer A} TIPS Az
sttt :

2 A7 E coli +AAY libraryE 9E7] 18] PCRol 2&) §4E SHAE
pUC19 plasmide] 2] cloning3tx Ut wW2tX primer @714 8 A A ngislojor &
AYeE  Tm, FAAY| restriction enzyme site, Z2°] So|tt. A webAolA Primer
e ZE2aPE AHEE 4 9loy, cloningS Y% enzyme site® primer sequenced] F
7vatE 7153 F 3 W9 enzyme siteE BT + A& 7l%5o] glo] B 9 Tz
HE o A&t of gk o] fARlo] thF primerE AAS V] A8 B Al 2o
FE Agetn o FAE FEYdte A B} UFE BE AN 8ol £ Aog wuud
o B dFzle] Jigd ZRayge HAAY d7iHdg9e $oiFH, vector e
multicloning sited] €A)3l& restriction enzymeE¢ F2A W X9}, ols 1y sty
enzyme siteE X33 primer sequenceE ZAA|Fo, 1 AINE AHdA textdUz T
EolE. A o] 22 WS ALl 140 9719 primer sequence® ZAA 3 primer
€ Alz3tAc.

4. & 2] heat shock reponse

Gene expression monitoringS A% AW e ¢33 AT 2 heat shock ZA
o] fHAY BHEAPEE Lottt AFFFE E coli W3l100|9, v|ZFF= 37 C
LB sixlel A wFAZH D, AFTFFE 37 C, LBulX oA FAAZ F 57 CollA 783
heat shockS 713ttt vludFod A A3 cDNAE HHALSE Cy3Z, heat shock #+F
°] ¢cDNA¥ Cy5% labeling 3t t}.

2 A3 22 DNA chip A28 98] modified slide glass 9ol FAAE TR
o HM fH2= heat shock #H HFHAZA groES, dnaJ& vl &4 X}Hpositive
control gene)2X4= sfcA (Maleic enzyme), ompC, PEP-carboxylase kinase & A #l3}
Aot WM& ScanArray3000 (General Scanning Co, CA)E o|&3lg o0, v|ZFFd o
g FAAS] 2TEL 402 heat shock#FE Cy5E image processing ¥ ¥ imageS
overlapping 39 th (1¥ 3-8-4).

A A heat shock &% heat shock 7%} (groES, dan])oll A =9 & 2y
Hgom, heat shocks F7 &#& TFE ZAA F4a 250 i8] 12 $¥L ny

o

£
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1. DNA chip 299 A (FSATHH £%F)

L8 G ANE 9uA AL "HY AF AL 75%
EAE f329 #A 9 oligonucleotide 3 A:75%

f2l ¥9Wo] DNAE 33 oz nAgste By H2:60%
DNA chip scanner A|32}:100%

v}, Scanner 7% & software 243:100%

v, ABAN3IHE 9 4 ZEAAY Z23Y 243:100%
A}2), DNA microarrayer®] A#A 2 A 2H:100%

LR

2. LDH, AST, Glucose 3§ 718384 Futy e npole M el /HE(A=34ew

A%H4)

7}. F 9t A 27) ¥ (thick-film technology)& ©l &3 AS A2 A2 +5%
(1) ol MA 2] AZE T screen templated] Tt H A2} @ 100 %
(2) Working ink composition®l Z2A : 100 %

(3) Aztd uviole Ao AAAF &X : 100 %
. vlo] @ AA WollAe] NADHS A~73sty 4 &4 @ 100 %
t}. Electron transfer mediator®] {§& &% ulo| A e $HAUE FFH7H54d9
22
(1) Electron transfer mediatore] Z2A % #7383 A4 d+ 100 %
(2) Electron transfer mediatorell o1& $@A3 FE7154 24 100 %
2}. LDH, AST, glucose A& wvlo] Al 9] 7%
(1) LDH ulo] 2 AlA 9] 7§ : 100 %
(2) AST nlol A9 7i& : 30 %
(3) Glucose vlo]l 2 Al 2] 7 : 30 %

3. A7ZY AAERY WARGH 54 AFEGD 2F)

7b A2 Yol =712 HE thiol BAE S wtet3of cytochrome ¢ & W9 A]7] 3 Cyclic
voltammetry & %3 d718183 54 Ak 100%

U, 2ol AZulE Chip 9+ 100%

2}, EDCE At£3to thiolel ©¥ A9} cytochrome ¢& F/ZAF AlPo2ZHN § AF
ARG AHHog AANHNY Heg I oA &E cytochrome ¢ & AAHE
g &< 100%

2t STMe 2 AAEA7 F3d A5 &2 A7 100%

2 %z Q7 Bl fANet Frm BAHHAS.



a A3 24 AR B4 (34D FE)

. Ferredoxin 2 &2} cloning: 100%

His-tag @92 &4 100%

A A LB} layere] EdE ¥ promotordAd: 100%

o2 promotorg ol&3% Azl AY dWAe Az Qa2 FAHFEAM 100%
Ni*'-SAMe] &4: 100%

v, okt Azl g gwAe] A4 2 SH A 100%

DR

5. ©7)1% F23 BioChip’i'22 $3§ on-chip bio-object delivery 2 micro-transport
system® FAH BA Ve g1 VATEH} 2EI)

g EAEIHYE, UE) Z wettingd] 4FH =3 2 B4 100%
oA Al 2 OFA(p-diffusen)d A, Az L B2 100%

o4 F5LE 2 vd BRgse 24 A H HE: 100%

CPlA Bz AR nAFEY AFFH B 100%

o4 gFA 9E Ay wlafA ol WA AlE £ 4! 100%

Leney

6. ThE AA A3 Helol B A7 (W7 2 AT o]FF)

7}, 7186 o] 2olx EATH e g dFAM AEH PP dHL B
gats VAL o] &3t= JIeS &3 100%

U AR e 2 £FE7X otz AA layoutdte 7lES FHIALH o]v
A AA3N2F AL ol &3 PP AWIH EAE 2F: 100%

th 1€ AAEY e SFE BAs FE5THE ¥ AAH2Y A2 LA
3 Al g el 100%

zh 7129 AAEY & 248 M2 JL ALY Nga A= 30%

7. Multi-biosensor® 9% vjA 7z A3 (H7) 2 AAFgH )

7t. A&€3Q uvlelaz AdE& A AT AL TAHE &H Nl
oz Avlet AL A A HAHSE A F2 Y AL ¥
10095

- 1}, thermal evaporator® A-&3lad gold & silver &
A liftoff T L A&t A3 HHAE
th A7 FF AL ol &3t Ul*ﬂ AF Fx0
- FTAE &Y 100% : : -

C o mult S B A8 wEx FAHE §83FA silverst goldg & ©F
A5 TR E 4 100%

\n

o, YARAE bio-chipel o vl FEREL Az 4}Y FH F2E AD ¥
Hg ol &t YAt mxdetA AlFste $4& FH: 100%
o 7129 wiEA FAA F& FA wdH ARAAYIA, liftoff 3L B8k A
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43¢ ¥4%n A2 AL HAY T2E YA
ME @Y ¥4 53 YYFOZH bio-chipl B
ARZE E&HlD AHHOT AT & AE B

We olgstal, AdH W B
8% wMaAdst e @, o
< ¥ 100%

8. Gene expression monitorings H & AU &3y L DNA chip A F (33F
g3 o] A4 4)
7}. Gene expression monitoring-2& 93 A3y Y (100 %)
1}. DNA chip #A3& (100 %)

A 243 goridx
1. DNA microarray chip &7

O DNA chip technologye 71&°] A ERsE olUet 7 A F g, B8, AT, o
dAE F o8 ol FHHQA FAU A Fd ok

O 8 da7HAE F3tod KAISTY o748 AFAE FE2 2z Eop7l g3ty
AAHL dF AFJE =€ F UYL

O d7&AES THLZE & DNA chipd F87 HA F7tstes FAoly ME x7)
DAL VAR e Fo] WA ¥ FA Fu)9 JMEAE v By A7,
2 d7E T DNA chip Az 2 #Eo a3 HFy 22 7|¢S gusge
o ol & AT A o E AdFe JidE F e vIHE vASY S,

2. g vlo] A A AF

Fo7leE o] 8T vlo]AA Y AFAI2EY FHOZE ulol A P 7|9
3 g3, |

AFA JEgE vlo] 2 AA = NAD(H)-dependent dehydrogenaseE }-£&3F model
caseE2A NADH)E £E4 2 J7HA < A Z4 T WS §&0| 7584 €.

O 89 B4 Rofo]l9]lo] t}Z bjomedical, bicelectronics®l &8 753t mlo]Z 2 o)A
9 7IRE 7l 4.

—

@
7
@

3. W7188ty EALS AU AANERY EH L L& AT

O AdF%4 thiole] GEAFE Y3l 5T FAE7]E 7HAe g K718
E5tA HHE o FA87]e] AdAo welA biosensing devices, immunosensor,
microcontact printing, nanoparticle®] A= T2 © g3t Fofzeo] sEFH FHIo] 7}
Tt 2 ER DEASFS A% 2 FEVY JEE vFodurte 71ed &5
< ol HIZAY 7IH=r g F.

O &8 d7E T3t 3124 29 oA ©Y$ promotore 2 monolayergE A Al 7]
= 7S AL F UANen ol 22 vleg nEoR Uy A
AAANE AL JoAT AY.

O g [z dgd gduzde 28 ¢ A systeme Fot] A2 £&x2 29 5
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4. MEMS 71€¢ ol &% ulole 3} A 827]e A7

7% AFE B3 nagdgelAe nAagA] S5 BA 4ol BB
Al oed, ZulF bio-object °]%& AT vlAx A9, UFA, FEL F
A, A&, A} AS.

O tla #FEEAS 3% vi FE5LEY vi R 7|AH 42 A7, 2
3 oA FE P dFAe SEHEAS F FUF bio-object °1FEE A7

e #d 2FA8E FrF
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H -5 & AFLZE e HEA

1. DNA chip 7§ o}

O DNAE #E#o slgdoz nHste U

O Public domain® F+3 A F X dolEfuo] 2
Hel2 ARt F&3A AHE 7MEd A
T3}, diojeluo] 23 & EME 3
g

O 7143t 3 "<k

& AAEA Wy oz xgstd chip
2} setE A AT chip HlolE 9 ®
2 Mol dxez HQ

=
N
30
fr

Mo
r o]
i)
L
o,.?.
O_u

DNA chip2 Ao F3dx £4 4 =7E2M B2 T9 7|dEc] H4sE
Fste Y. ITHAAME B 71L& ¥ ESS D JIdedM 84 TVed =
T de CQARAN, & Z24dE A7 AFHE vgo=2 3 A e

DNA chip technology A A 7|4 dA FAHo=2 A4S 7t5dd Eoko AdF
'Y g3 2L :

- DNA microarrayer robot

- DNA microarray scanner

3% AR BE (54 AHgd <€gtol= 282, printing pin, spotting

solution, hybridization solution %)

- Clone =¥ ¢AF /124 F& H A%

g A2 &8 7158 FHAY g1 2 olg &

- Array ¥ AZE o clone database, 3 I ¥4 AZEY, PCRE =
ol HA L2ZEH

2. 85 g AR 2SS SAHstE A28 vola A A

O 2727 838 FH2A7IEE o] &3 woj oMol AFANLFE ol &3t d3
ogtAel 7tXE AYE e EHEHE AT T AT HolANE ALY AA.

O &A Y= xn A= AST Hlo]24l4 H glucose ¥iol2 M9 /AEe S8T F
A 7L ¢5¥ LDH uleledXxet St Al 712 £42d& A A
T »1-‘5 EE ulol 2 AME ML 4F.

O a75aHAelN 58 771e2 Wgoz st A2e A uelLAMd

z:;_]_. AL s g _

O 92 A% 2 A% BAY uA ABres S0 BAY Un AYBAE Dol
Hgsol AR R NFA AR FolBn A5 WAL F AL,

O olFolxA Atk MEA Az2FHE $8stad A= uge T2 Fa AL
A5 g @A StEEA S Ao 41, @l 28 FATH A

O 710 #Boisn = FEAvE Az AYT + A Agdotoldoz e &
8%

£
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3. A712Y AAEAY BrS%H Y A7

O wlARZ A% Fol A71zPe S0z FuAds Fozi Aststy B4 7
Ax AT ¥ 5 UL FAT

O Bge AARAE © 8¢ 32 L WY A% A2 229 A=Y FEASE )
watn FuAAT Aol ol MMEAZ oFold H2E TASA biochipe
$E7t54S APy B4 b

O FolAd3 Edol Arl2Puete I4YN7E A7 F7 Wgo] WY

4 A88E AN G4 A7

O A7) 383 FHAA G¥Ae EA4S dolry] YA T AL system°]
sy €59 FAY 9B T AW So] 5 celle]l A|Zolut T A=
0 o]dFHo R BEE 7l Fo] $4HFeE 874,

O AA g @9 A complexe Az} A A4 A1 S sls)A @A interaction®ll
3 7Y F2AHA FHoly J|EHOoE complexE Y=L WY T A 47

= FrtH oz FP=ojord Y.

O Az A i@ complex? ATFE AA WolAd 2 HAx dgd @A vy
F9 MHAE B ES € 9 Jon, ¥ E2 metabolismoll A Azt o]
FTFHA S st Jorn olyF AT Ed vd 3l ¢t ol
A A A metabolism®] AT = 7| RY.

O DA Az Ad @4 dFE 384 /L8 B promotorsL @i 2o
T & #F7IEZY F7EF 9 A7 A 5L AF oA BFAs =
71ed HHE AANY F AL

5. MEMSE °| 8% Hlojl23 84 Jg dF

O & 7oA /NLd SvolF bio-objectd o4& AT 7|24 E Jvtes o ¥
F 71284 e Ay BE i BRFEAAL dF2 A s

O Ful# A FFE % micro-doser &2 micro-dispenser®] i, Zuoje
bio-objecte] FgH B & -r]ﬂ micro-TAS (Total Analysis System)?] 7§ 13
3 uld DNA $47] € vla f32 247 e AR Agd.

6. 4% WX AE A 7l AF

oldE2 1 A7A3=2% Fo dHE Bagd 4F
ofdll 8718}A 2Y Ao Y.
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Figure 3-2-3 Cyclic voltammogram at _5’ mV/s of 1 mM ‘3;4-DHB
' in 0.1 M potassium phosphate buffer (pH 8.2)
at a glassy carbon electrode
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Figure 3-2-4 Cyclic voltammogram of a alassy carbon electrode
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Figure 3-2-5 Plot of anodic peak current vs. scan rate
at a glassy carbon electrode modified with 3,4-DHB
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Figure 3-2-6 Electrocatalvtic oxidation of NADH
at a.glassy carbon eIectrode modified with 3,.4-DHB
(scan rate 5 mV/s 0.1 M potassmm phosphate buffer, pH 8 2)

- 130 -



0.35
0.30

0.25 -

0.20 1
42.5 U/mL LDH adde
0.15 1

0.10

o.os#ﬂ

0.00

Current (LA)

-0.05
i Backaround in reagent

-0.10 -

T ' T T T T T ) T T T
-200 . -100 0 100 200 300

Potential (mV)

Fiqure 3-2-7. Electrocatalytic oxidation of NADH _qenerat_ed by enzyme reaction
at a glassy carbon electrode modified with 3,4-DHB

(scan rate 5 mV/s, 2 mg/mL of NAD" with 3 ma/mL of L-lactate
in 0.1 M potassium phosphate buffer, pH 8.2)

-131 -



Current (nA)

40 1
30

20 1

10

-20 4

Anodic peak of electro-
deposited 3.4-DHB

-30

Cathodic peak of electro-
deposited 3.4-DHB

Potential (mV)

T d T
200 300

Figure 3-2-8 Immobilization process of 3,4-DHB via electrodeposition
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Figure 3-2-9 Cyclic voltammograms of electrodeposited 3,4-DHB
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-134 -



20

16 ’ 2 mM NADH
124
——~
<
3
N’
v 8 1mM NADH
(]
e
3
4 -
Background

T T T T T T ' T T T
-200 -100 0 100 200 300
" Potential (mV)

Figure 3-2-11 Electrocatalytic oxidation of NADH
- - ata thick-film biosensor modified with.3,4-DHB
(scan rate 5 mV/s, 0.1 M potassium phosphate buffer, pH 8.2)

-135-



200

150

100 4

Current(nA)

50‘J~

T

— | B | T T T T -
0 100 200 300 400 - 500 600 700

Level of LDH(U/L)

Figure 3-2-12 Calibration curve for lactate dehydrogenase level
: bv using thick-film biosensors. (n=5)

- 136 -



E vs Ag/AgCl (Volt)

12 3-3—1. Cyclic voltammograms of Fe(CN)¢*
(a) ——O—~ Fe(CN)* /Auin 1 MKCI' |
(b) ——01—— Fe(CN)¢* /CHy(CH,),,SH/AU in 1 M KCl
(c) ——A~— Fe(CN)s*” /NH,PhSH/Au in 1 M KCI
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18 3-3-3. Cyclic voltammograms of cytochrome ¢ at.gold electrode with
3—mercapto propionic acid self assembled monolayer (solid line), and of
SAM (dot line)
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18 3-3-4. Infarared spectra of horse cytochrome ¢ 10 mM.
Reference was the spectrum of the cell containing water alone.
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cytochrome c@l cyclic voltammogram. =A== : 10, 20, 50 mV/sec.
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Wk 3—3—'10. cytochrome c¢/Mercaptopropionic acid/Au & 39| cyclic
voltammogram.

FAEE 120, 50, 100 mV/sec.
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(Otel) 2l cyclic voltammogram. %‘—M—i.‘—E : 50, 100, 200 mV/secH
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d83-3-14. 31 S0MM 22 Au(111) SHZHO STM OI0IXI. 1y, = 2 nA;
Epias = 100 mV.
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18 3-3—15. 3J1 WM HS(CH,),COOH / Au(111) & STM OIOIXI. I, = 2
NA; Egias = 150 mV. ' '

21618 nm

108.09 nm+

108.03 nm 216.18 nm

18 3-3-16. 3J1 S0 M cyto. ¢ / HS(CH,),COOH / Au(111) 2 STM 010
K. 1y, = 1 nA; By = 120 mV.

~ 147 -



- 8v1 -

[ Array ol microelectrodes [ Magnified Photo of electrode

a8

Platinum Hole Tor electrode

Gold connecting :
( rading - 3 umy

Wire

3-3—17. Fabrication of electrode arrays for experiments.
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— 10 um Pt disk(BAS) -
— — 10 um Pthole(made) |
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Current(nA)

2 :
600 500 400 300 200 100 O )
Potential(mV)

R.E : Ag/AgCl, 3M NaCl
Cicgrecryg™ SMM

v=20mV/sec

0.5M KCI as support electrolyte

g 3—3—18. Current—potential curves for 10 uM electrodes
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1% 3-4-2. A} 23 fusion mouse ferredoxin 2 A A 9} A A ol A o) yv-
visible spectra. (A) Overexpression Z+ 3 A]. Lane 11 size marker, lane 2: | mM
IPTG il 2] 34 induction ¥ total cell protein, lane 3: no induction, lane 4: Ni-
affinity column ©l} 2] 3} 7 2l & mouse ferredoxin (14.6kD), (B) UV-visible
spectra. | cm quartz cell & A}-8, 8.8 mM phosphate buffer pH 7.0, ferredoxin 2]
= 2 10uM.
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13 3-4-3. A 23 A Z 3 fusion Bacillus ferredoxin 2} A A&} A Al &

ekl A o] UV-visible spectra. (A) Overexpression #+ A #]. Lane I: size marker.
lane 2: 1 mM IPTG ©fl 2} 8} 4] induction & total cell protein, lane 3: no
induction, lane 4: Ni-affinity column ©ll 2|8} 41 & 2 & Bacillus ferredoxin, (B)
UV-visible spectra. | cm quartz cell & A&, 8.8 mM phosphate buffer pH 7.0.
ferredoxin 9] F X F 10 uM.
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Bdiel 2ol 1,2,4,12 A1 & A} ZTh. Lanes (6-9): 0.004 mM IPTG,
lanes (10-14): 0.001 mM IPTG, (B) bacterioferritin.(A)2} 2 2.1} lanel 12 0.002
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% 3-4-6. UV-visible spectra. (A) Cytochrome bS5 [350nm-650nm] (B)
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18 3-4-7 . Cyclic voltammogram. (A) 6-mercaptohexanoic

acid2l SAMO! layerE 848t A= 3 3 AWM

cytochrome ¢ CV. Scan rate: 30. 50, 70, 100mV/s. (B)

Cystamine 2l SAMO| layerE 46t A= = &= AA0AME
" cytochrome ¢8| CV. Sane rate: 25.50. 100mV/s. 282

A20 M &AL S 2. 10mM phosphate butfer
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¥ 3-4-8. Cyclic  voltammogram for 1mmobilized
cytochrome c¢. EDC9 NHSE ©]88&}4 thiol® carboxyl
group®ll cytochrome ¢c& Z &A1t} Scan rate: 100 mV/s 10
mM phosphate buffer pH 7.0
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— /q B Oxidation(1.5 um)

Lithography
RIE etching
— Silicon nitride deposition (2000A)
—
1 T Back side lithography
T Back side RIE etching

Back side etching(KOH)
2 @ ﬁ \ Silicon nitride removal

a9 3-5-9. v A diffusere] A& TA
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Actuation

Function
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Flow rate
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AJD converter C

Pressure sensing
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O Silicon wafer (520 um)

p’silicon (5 pum)

Si;N, (2500 &)

@ Cr (200 &N

Evaporated Cu (1200 &)

8 Plated Cu (30 um)

& PR (40 pm)

a9 3-5-17. Fabrication process for the electroplated planar coil on the diaphragm:
(a) boron doping and SisNy deposition; (b) RIE of SisNs for etch
window opening; (c) Cr/Cu seed layer evaporation; (d) thick PR
patterning and Cu plating; (e) Cr/Cu seed layer etching and backside
silicon etching.

1% 3-5-18. Top view of the fabricated microactuator, where the gold wire provides
an electrical interconnection.
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19 3-5-19. Freguency response function of the electromagnetic actuator: (a)
amplitude response; (b) phase response.

Estimated value

Peak-to-peak amplitude [um]

o

T T U

0 5 10 15 20

AC rms currents [mA]

19 3-5-20. Measured and estimated peak-to-peak amplitude of the microactuator
for varying AC coil current at the resonant frequency of 10.6kHz for

the case of the single magnet (SO).
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Estimated value

Peak-to-peak amplitude [um]

— T ]
10

AC rms cumrents [mA]

19 3-5-21. Measured peak-to-peak amplitude of the microactuator for the varying
AC coil currents at the resonant frequency of 10.6kHz for the case of
the twin magnets with single hole (T1).
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1% 3-5-22. Estimated magnitude of the radial magnetic field along z-direction for
the case of the twin magnets with single hole.

Estimated value for the case of the T1

Estimated value for the case of the SO

Peak-to-peak amplitude [um}

1
20 40 80 80 100
AC ms currents [mA]

13 3-5-23. Measured and estimated peak-to-peak amplitude of the microactuator
for varying AC coil currents at the resonant frequency of 10.51 kHz.
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Seed metal
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Thick resist patterning Through-mask-plating Resist stripping
18 3-7-5. Through—-Mask-Plating Technology

Thick photoresist mold Electroplated metal
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(a) two—electrode system (b) three—electrode system
18 3-7-9. 83K 4
e . | e
|1 |
Reference electrode Working electrode
(Ag/AgCl) Au/GOD
AgCl -> Ag + CI- H,0, => O, + 2H* +2e-
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Metal electrode

Polypyrrole/GOD
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Micro - syringe ( channel )
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(a) buffer oxidation, nitride deposition & nitride oxidation

t

........... - e —
e e e e e e e e e

(b) back side etching € < 8t nitride masking layer patterning

(d) silver electrode & 18t lift-off
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(h) back side etching, AgCl formation & electropolymerization
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Si;N, Mask Phosphorus diffusion

p+ PS region
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§+ PS region p+ PS region

50 um
(b) 152 &
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(c)2se2 &
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Buried microchannel: 50 um x 5,000 um
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el =
2clS 00132 e & SEM ARl
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(c) D}OIEIE S E thick PR mold
SEM ALRI(XHE 2&3)

Chamber

Channel

(e) DIOI32 M2 €2 2REQ)
018 A& ( 30min 1)

(g) MIZEH D}OIBE IH‘—".! SEM At

8 3-7-17. MESDE 0

o

(d) 00| T2 T R thick PR mold
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(f) D}OIBE e =3 8359
801 AFE (90min Z1t)

(h) M&E otol3=2 ME2 SEM AHM

FOMOI3Z XHE 8§84 48



&l 3-7-18. MAE 0tol3 2 HE 2l SEM AL

(b) After test
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Si/SiO, Si/Si0,

KR4382 30.0XV 1H 25KX + 998428 KA4381 30.6K

-7-20. Silver =01 0.025M2 FeCly; =& WA
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02 SO B8 £ AgCIDI M4 & & SEM MY
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Si/SiO, e
2

-— A —_—
KA4334 30.0KU B.35H 3IoKX + 990583 KA4346 38.0KU 0.5H 48KX + 9948511

ha SNk

Si/Sio, . Ao
Si/SiO,

KR4333 30.8KU 1H 235KX ¢+ 9958505 KR4348 10.,8KY 1B 25K% + 998511

Ag

Si/SiO,
Si/SiO,
KR4336 30.0KV 8.S¢ 39KX *+ 9950%05 KA4347 3I0.08XY 1 3pKX + 998511

()

8 3-7-22. Lift-off ZH &2 silver T Ei({(a),(c).(e)) 1 A0
passivationE I8t 2|2 2gous FEE F((b),(d).())A SH SEM AN
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: Micro-electrode array

o ®2 J|IE 8=0I
22 I O Z 012 & Multi—electrode

(a) r=10um, 7x7 array (b) r=20um, 4x4 array
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713 3-8-3. Printing with ink (4,900ea/3.24 cm?, cover glass size)
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a2y 3-8-4. th A F 2] heat shock response

B Heat shock condition: CyS labeled (red)
Non-heat shock condition (Control): Cy3 labeled (green)

1,29 : heat shock gene (dnalJ, groES)
3, 4, 5 9 : Positive control (sfcA, ompC, PEP-carboxylase kinase)
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