creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

1=
=

A|7[gt "pol @ AAl 7i

‘|_
(©)

o

o

L
__o_l

™=

L
__o_l

Al 5o

20239 8¥



o7te 2 U Agsta

L
__O_u

2023 06¥

p—

o
Ko

f—

ob

<O

T

4]

2|

3

gj



Hr

11

o © © I~

=K

17

18
18
20

il
70
il
"

X7

X

2) THNA =

23
25

B
N
N
N

Sl

Codl
S

.
W

Y

aig



Tor

oF

o

oo

=]

I
o0

Hr

]_

(CNT)

1|

Wk

Al

J)

CNTO] Flojut 47|

|

|

Yrt. of

o %

A} Ed®o]Ql DJ-13F LRRK2E =2®2 s}
N

)

|

ot

[9)

iy

M=o L
oo= ™

| e

A A<l

7.78 ohm/sq2 &= ¢ AT

(o1 AR
o=

ol £3) A

L,

——
o

o0
ol
oju

of

o
oD

i}

U

7t
A
=)

|

VS

]

9

o
o]

=2
oA
-

_‘.I
(o]

= X
=2

sto] @ 0}

22 HolFUch map

AXN

o]

A
e

| 272 A1gd

o] 4% 10-15 ng/mL, LRRK29] 739 18-31 ng/mL ¥¢je] Zuprt

Ao
-

oju
ol

Br

o



A

e, A Al

)

w

N
NJo

AMom B Eo

il

ol

o oA 57l

=
R

ol f= of2f ofzwol w

ol
NIl

LRRK2¢} 7

S5 O
zo

1, DJ-1

= =
= ©

o,

R

- 84

2 FA4%. LRRK2

10

o

8

TR

Q

24 QQAFst & 49 GTPase €45 7HAaL it o] &

7}

=
=

|

E%Hﬂ

2FBHA

&}

g2~ A4 o}

el

)

o

ol

4

w
)

DJ-1# LRRK2 =% 0]

= e

Az

a7

wel 217

o

ol

ks

2

ki3

o

g

9] Z

\

R4

Sh[3] AA), F71e

A] A}

I AHEHE 7=,

9]

‘(H

A

-
1

| A

.

o

H} o]

o,

I

FAel

ahohe

o 75

—_
fite)

oF
el

N
!
el
XV
~

;OL
50

)

1 4]

.

2 Hiol e

q o

XH
vAO

F

}

;OL

AtE[5] ©] 2]

o,

| A Fofo A= ©Au =B (Carbon Nano Tube, CNT)S} #

A

i

o
-

42 o]

—

i

o

o

& agRew o Fefnl

=3 Qu[6] CNT

W



=, A &2l DNAY

o] =
AR -

il

%

ﬁo
B

-
it

Eﬂ; O]}E

A5k AlA A CNT

A
A |

el

ol
M

B

A

!
ol
K
o
o
el
NV

B

av

&3atol DNASH -of

3}
=

b A e [7] 7

o

g2 9

[}

N o8 wopdl A A

A 7, wpo] 2.v}

fite)

Y

e

7k
‘mo
NV
)

A7 B Hlol Al Aol ut

}

B

Gl

o

o

el

=305 1= i =1 1

X]‘o

EIRARSN=]

Al

=

=

=

=

Fol wlo] 241
Cyclic Voltammetry(CV)2} Electrical Impedance Spectroscopy(EIS) <}

1 DJ-19} LRRK2

I

71 4l
A

X

ol
i

1

FAtE o2 &

°

al

8

= =
=

=

ZlA DJ-1¢F LRRK2

7|4

=
=

ALA
)

ko)

)

"

=y
ol
&
M-
o)

alg
H)

)

bl o,
CNT 7|4 wto]

A A ¢

[e]
A&

=
[€)

Al e 7}

o

-]

B

1o weba 2

23

s
=



AL
;OO

TE

B

42 =

1 4]

.

o

A

1) nfo]

o2 Fgd el

T
T
Hr

—
fite)

Hho] o MM & A

ol

Asshs A2 IUPAC darel WA = o dth[9] 19621 Clark7} 34k3}

ARE

’

A

’

k1
<1

g Agoz 5

2T AN
STH[10] Hho] 2 Al A €]

»{51_

=13
=

7N

o]
-5 o

—
fite)

&

B

o

ofoll A
& 7INre 2 JhErEo] gkow, A7t Al w=

wlo] 2 AA €} 7}

WA

#4
2

=

s

o
1=

= o

A

2 uho] 2414 9]

!

Hx= Ny 1A ol

3 .

o

| A

.

o

A

1= 141 el
A} 2 Afolel A A SubA =

A

tol AbsAlE

S

1]

S

5

2F3HA

gt

o

1]

S

of A, 1A wpol Al Ao A

e

-
1

b

N

| =

A

i

o
-

tol e 34t utol

S

ol

7hA 3 glek[11, 12]

G

]

Substrate

Product

&

Substrate

X 5o
e Substrate Product

Preduct

Meox

Meren

Oz

H202

+2Ze”

+2e

electrode

electrode

electrode

3 generation Biosensor

2 generation Biosensor

st generation Biosensor

1 Ale 18 dlo] A1 2]

a9

B

O

Fol A Al

fite)

2ol o]&



19894

SERS

AbeRn R4 kel o 1A

a1 5 &

T7F A@E I A

Bk =3 19960l = F 7FA o]

ol
e
)
o
ol
4
my!

e

w-

2

1l 1996 Svfof a7 &

9]

S
T

=2 7

A 7Rk A Se e ATh[13] E=E 2007 dFH 2018A 714 &

Astd B 7E gl

B!

9
&

¥

AO

41507) <]

HAl o] Fof x] o glvh.[14]

)

}

B 7]k o] @ 414

=
=7

E

AANA = A7 2

ﬁo
B
Mﬂ
N

)

el

el

AE

=
=

10wt%oll A °F 10,000S m"-1¢]

o
N

bol ALg ¥ 7

)

gA = A

L - 2] ol A

Z

.
1

Eff ol A

tal gt ow o

215

o] ¥ t}.[16]

Sl B

arFgstel| whel

3|
~

A AA
W g Ao d

907 %
& 5 glorklg] By Anel =

=

=

=13
=

oF 1420%F W] A7k

-
1

o] F7ksto] 2040\l

L
s

o

o
1l

| g ow Yehtes slow deA 2l

el

A UeEldtl TRRK2:= ¢14bslE 49 GTPase

)

il

]

b



N
ofr
o
X0,

© Earhdoeln] TRRK2 EWels 7H $kxte] S4do] vhe dzlew f4
A} EAWolE 7Rl Sixtels ] AbLA dmsirie] S fARslaL, Y Edolql
rkstase] @4do] w=& Fow WEEHILE [20] LRRK2 =AW= GTPase =H[Q1€]
R1441C, kinase =m121¢] 12012T, G2019S, I2020T & F=Z ©]& 7154 =rolo)A A%
th ol olE F =mQle] LRRK2e oJgh szl i 7]12ko] 08 Q4R ZE3Hs A
AR G2019SE 7H5Eo] = #A] o718 #ixbe] 276%, APl $hake] 17290014
Uehdth o] EdwelE velo] mE Wer}t o] 5HM| o el 33%, T6AlelE
100% THES BAh[19] IA 38 FdA el 4$- Parkin, DJ-1, PINKI, ATP13A29]
T2} Stk o] F DJ-12 =3bil AAAEe] Hlo]x wo]F] S wabnl S/ ¢
3 A ASIAEYAZNE AEE HEFo RN nEFTEole] AegEeag 2ds)
= Fe3 g3k s sxlse] Fo WAUSE 5 sl nEZsg]o} 752 ol
£ ozt [21] olggt HolHE 7uke R uz1Es AL vle] vl LRRK2¢} DJ-14
Hpo] @ AlA o] BpAlo & AAsielom AL A5 Hesisich

rir
r>~1



ks

1

A

I

=

At FH ]9k nlo] QA

L.

Counter
Electrode

Electrode

Reference

Working
Electrode

®omwe doir oo o g w OB R
. N % <
oy 8 K o WH = ® 3 o
O_E —~ m — I~ S — N 3
TSN e 2R o
No Hp B N 20 X
= 5 ARNTRL o
N ks Y XA o - L
oW & o T T o R
Oﬁo ﬂ ‘q o »AO ﬂAIL :i
=P d oy P X o
w8 @ < T ok E L
w o E oo oo Bom A YR
A S NI <
~o o o Jl < Eo —_
X my g & o)
Wi i - ol
8 2 - LT i o
Jl1_ —_—
T ool oo =T Ko oE
= do T gy T T ow
~ —_ | ET ~o Vi
Onﬁ :i 0 Z.E O# = o X wlArO 3 w
—_— Oﬁ l_ﬁU 1 ﬂ? - Sl o B
0 X S 8
= oo g =) iy _ B om o= s 3
=) P o W T do >
Oﬁo O# ) O_E o) £ ]
i =y = X ;H . £ £
od o m M_r gy BN Ho - o Y m m
;IV‘VI .H_O Jl AM L.E \m.W —
o o R W oLog o
P o g/ —_— e
oo %0 5 5 Hr =X ol N S -
s P2 lzavs,
P owm o= B B omox o ¥ 3
=z ° < M 5 & = s W 3 o
™ M g % ¥ 9 S 5 2
o moMoE Tod T oz odr & g k
o < N m B o< T T 2 iy 8 o
; _ = ) e © g
) M«o ._m mog g oMo ol m
~ ﬂ ﬂr ..w s o# W .m E e ;or- M
SR BC G B
T X g O® T 2 ¢ B ONOF

2 3-7= AN g 9 slzk

Silver

a9



il

CONT+ zH,0+ ze —(CNT+ zH) + xOH = (41)

Np

okl

oA 7=

!

&

Cl- o]&o] t

KN
T

o2 KCl¥ #

2 ARgEE A

tg A2sh 2ol ®a7t B

AgQl(s)+e o Agls)+ A (ag) —— (42

Y| 2 2~ E (nernst)

-
1

o 9]

el

3)

(

i)

il

Fol A 2= AT CNT

53

o -
=5 23

+ CNT¢} PEDOT:PSS

CNT Hpo] 2 AIA 9] AX)

7}

=
=

TZ(MWNTs)&2 o]Fojxloen 95nme] A A3} 15ume Zo)

=

= s

2 A

—
fite)

g s

-
1

}+= PEDOT:PSS

bol Abgs

s
Y ©

th =3 CNTY &

0]
s

al

]

A

—~
fite)

Nlo
]

X

X
)it

FHE ]

3lth. CNT

=
[€)

o 7}

)

B

Hlgol wet

6‘1:]1-

e
T

9} PEDOT:PSS9]

6‘1:]1-

Fo] Pulse on bsec, Pulse off 2sec WHE-o & 1A 7Hs¢r &

0§

KeN
=

Sonicator

ol A 12413F



Atk CNT : PEDOT:PSS ¢ &3 v &S Ha 1:24]
st om A ZE CNT solutions DMAS} &3}

WAGs JEE SAse] 4o LT BT ARt 444

ot

R Ao 14 g

(viscolead one)E& AF&3to] HAHsAon, AFFHHL AAAYL =4 7](Desk

Top RS Type, FPP-RS 8)& o] &3lo] =45 2331t}

2% ulg 1:2 ~ 4

Sonicator 1hr
magnetic stirrer 12hr
a5t =A 150°C, t1hr




&

& e
280 - i CNT/PEDOT.PSS |
280 4 \ a-1:2
240 4 -*-1:3 A
7 20 A | —a—1:4 1
— A :
E 200 l\ % #
5 180 a * P
= 160 \ .
E 140 ) LN >
B 1204 LY e
3 100 - LS - "-\ Fa
E a0 - Tm ", \.'-. & b
E A N #
60 ., "-.\ &
0 40 - e Yy
20 N
0] e e e e =T ==~
0 1 2 3 H
MWOCNT (wi%%)

=3 A3 WA A5 CNT9 PEDOT:PSS®| &3} H &0l A4 PEDOT:PSS<]

H &0 =& 49 Ay A=7F 3A AN o™, Ao F5 CNT solution

o] H&°] DMA tH] 2wt%7F H& 4% Hl& & Aol AA yEhA okt
AN Aol B vl wE Zpol7p A dEh e, V€ A FES A

[e]
o
zeo A F2 AgEE 939 w9} H5F 120cPe 13 v &2 Az

E AlO|= 300um
old Hz| 80um
EE 3¢ 0.1~0.3 kpa
T2y £ 5mm/s

=

8
trt
e
ol
e
S
=
o
W
el

g
o
BN
0
&
&



850

wﬂ oo g on oW o
@o i H Ruw CRCE
— 0 - 50
N R <
- X s N
- z £l = A 0T
O N A ¥
K o % o 7 G
R _Eﬁ = _mﬂ_ N w @ Mm
] L
) = o Do g AT
% I £
o - o
— W) W= o 8
-3 s Ny 8 =~ &
s ¥ X L T
Ly T = g ¥ g P
g M = o R b
gde TLwgs8a .
N i TR A TO®» ST b
o m =3 o 3 Mo
Z 5o o T ol &
- ﬂ%i%“.zﬁﬂ@
_u__A Zw Oox lo o o wlArO _ZTI
e . )
0 _
iy —~ el 0 el
> < ow o Mo g R
K W o 8o B I%
it Ao = 4 " S
L] 3 = s ¥ 3 g T
282 - R T W g & o
X X © 0 E oo o 8 = of
¢%¢ - M o »E 83T =
+ * + i of N
Mo o= B o = o
' T A o R B xR
8 m 2 o o wm w o
g 8 8 8 8 g 8 YT oo P O
“ n = T © o8
(wn) Yipipp, uanied MmO T W .m. TR ﬂﬂ
1 ‘H )
NN o = 2 o B M

_10_



K

6 == o]

a9

FA T 0.4kpa ©]3<4 7

Xg'()'

ojm A2 %

A7}

)
N

TH

dA7}

5

=] 4%

B

5 H<l 0.2kpa®

d

X

ki3

[}
=

It

;‘(D],

]_
HHE 400ume] Alol

7

o]

C{:],

Ao} 7} W)L

Mo
A

mo
o
o
]

3|
~

=z =
=

tem, =g Abol

)

ik

e
N
W
q

—_
fite)

oF

fite)
T
o

el
Nd

o
<

o}
50
e
el
e
H
M

o} 19

)

_‘I‘I_



1} (a) 300um, 0.1kpa, (b)

400um, 0.2kpa, (c¢) 500um, 0.3kpa

T

q_mo

Aok 24 =12 80T, 1207,

—_
fite)

—_
file)

vzl
_Z_ﬂ
el

AT

¢

o
o
o
el

)

AJr

(=/23) aouelsisay 1#ays

2
CEC
EEE
= e 3 - . "
..._. ., {
+ + ._1 F ! B
; )
_w.._____ ¥
s .....
.__...
L] . “ -8
! i
__ i
._ -__
{ .__ o
| f - =
._. .__
| /
" e 4 -8
1 1 [ < 1 < 1 : 1 5 L 1]

Sintering Temperature [("C)

el
o

FAIRE 13149} o] wmho] AR

S

T ATh

Gl
o}

Mo

A
mj

3he] 2ol A

o, 150C°]

KeX
=

A

_12_



EG CNTE 9 A 2344 3}

& olgg EF ATl WE CNT 39 Wz Z3ad. =
olu A% F&ato] 30, 60, 0% A A AL NFES =

4 A3k £F Akl Foldel uteh BT CNT Zol7t &

Zol7t &

T
L7F oA = AyE 71 9 7] wji-o Ultrasonicators ©]

S R FAXAS I

CNT-Polymer &35 2 A Z3A A Ultrasonicator

i

LA B A A7) Ago] %

ot

Ultra sonicate : 30min
Bath sonicate : 30min

Ultra sonicate : 60min
Bath sonicate : 60min

Ultra sonicate : 90min
Bath sonicate : 90min

1y

10 Ultrasonicator A]ZF ¥ SEM o]0]X]

_13_




FiB-SEM ©]H" A A& &3l layer ¥ A FAE st on, dAg =
A A3 llayerol A A 12.54ohm/sq, 2layerol A #H A 7.780hm/sqe] A3= 3
o1e & Ak T 2ayer 7|F o2 249 o] Y FA(), W AT

(ochm/sq)= st AA 9 A7 E AL 23 A71d=% 3.06 x 1075

S/me Qe & AU

a2 11 AA Layer ¥ SEM o]u]X]

1

Conductivity(S/m) =
ohm

(4 4)

of¢} o] MM &3t & W A 3 2 AT AFHE RS R ONT ¢
3 ZREFL2 IP17H o] My AT. WA 05ge] CNTS 25mL DMAE &
gato] 2wt%e]l CNT &d&S Azeon e W ©@49 wd3 HH s
THE7] $13Fe] Ultra Sonicators ©] 83k 1A]7Hs<t &

2 A= PEDOT:PSS €9 ¥ 1:3 (CNT &3] : PEDOTPSS)H &2 &35 o
AbgE o, &9 F ARty S o] §ato] A ZolA 1247kl nRko] o] %
of ATt HE P2 AFHEo] Afsta g Po] Jhegh YA HaAA ¥
g 7|dte g AP At A JdE A3 AdAE ngez ¥z CNT

Bl AE 12cp, EE & -0.3kPa, == AFo]= 300um, ©] A A7 S0um 59

_14_



ato] dEde st A

Q UltraSonicator

A el AbgE Fel 7]l

o

e

0.5g
CNT
Ultra
: Sonicator
Mix 1hr
——
2wit% (w/v)
(a) Mix CNT and DMA (b) UltraSonicator (¢) CNT solution
Magnetic
Put 3g Stirrer
PEDOT:PSS 12hr, 40°C
— —
(d) Mix CNT and PEDOT:PSS (e) CNT ink

I3 12 CNT 4= A& =2 EF

€% AW d=A(InkTec, TEC-DA-030)= ¢F 18cpe HEE "M LEH EF st
AREHE o, AzAbe] A AAZAQ 130T 2RolA 2023 AFe] X3y

A

N

_15_



v

@

. N N

(a) Clean Glass (c) Heating
150°C. 1hr
- - 0N
—
(b) CNT printing (c) Sintering CNT

130°C, 20min

=~ N

=

(b) Silver printing (c) Sintering Silver

O 14 AN A 2 e E

_16_



AZE AA el LS Flstr] flstel 27 209 o] PalmSensdE E3}
of FAAAFTHCV)oE Ak A7 WHstE SAHsIATE S8 AHE 2
|rl= d32E(KCD 100mM % #H 2 A b3tz [Ka(Fe(CN)s]) 10mM= 1:1 H] &
2 3Aste] ALgEAdY AAEEE 02 V/sol™, -04 T 06Ve A9 ® el A
SAS AYselr 33] A&ow FAeto] 273 Zo] CV gz 4kst &

A §E ol §F AT WL BAdG 1YW 2ol MM AGYL wel
A% F AT ergyel Eohe AL FAT £ AT

Technique: Lyelic Voltsmmetry % n
Measurement | Peaks
Notes:

Click heve to add notes .

Select cusrent range(s):
v
i : AABEA :
A A - i Y

b Pretrestrment Settings

4 Cyclc Voltammetry Settings
t equilibeation 1
Ebegin o4
Evertexl (2]

Evertex2 £4
Estep 0.m

£ € € € < ow-

=3

Sean rate 0.2

Musmiber of scand 1
b Post measurement

P Record additional data

4 On-device storage

4
o
o
)
<
i

)
P

N

g

D)

vl
=
2
>
re
Y,

B.ODE+01

6.00E+01
400E+01 -

200E+01 -

0.00E+00

-2.00E+01

Current/pA

-4.0DE+01 -

-6.00E+01 - | s

-8.00E+D1 - - - .
-0.350 -0.150 0.050 0.250 0450
PotentialfV

= 16 Cyclic Voltammetry Z3f

_17_



FA Qs A AM g FA Aol &old dHE WAy fste] xwl
2SS Ayt g de Arg¥ F Euji= 3-Mercaptopropionic acid(MPA),
6-Mercapto—1-hexanol(MCH), 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDC), N-Hydroxysuccinimide(NHS) o] AF-&5 Atk 2b &ujo] A3 o5
I 2o MPAE 84 1A43}e] JAGES s oFS

A7) FAske dES st Add=ol AvE 2HEHo AR E[26]1 EDC=

S a7)sh ofvl Alole] oln= A% WAeE FE4 Az H2HA]

7] % (carboxyl, 7} 28

o} Wk-&-3lo] F7HA|(O-acylisourea) & AAdstE 9&& AT FHA = A4

A7 Ao Agetn huAl S v Bges] WEel BolA S Hebgstol

o15t7] ¢8te] A 713tk a2~ F33H (Electrochemical impedance spectrosco

!
=
t
—
v
filo
L
>
off
ol
3R
v
=5
)
=
1)

o AHEH7 A 7 Eule FA st B
2 3AE o] ALgEon, 34 WS MPAY 4§ gL THFE 111 9
&2 343 99mL &vjol MPA 100uLE 8434 ImM MPAE Al 233t

EDC: 10mLe] 1xPBS$F 764mge]l EDC 28 3|4 ate] Azslon, NHSE=
20mLe] 1xPBS9} 115nge] NHS %S £3tste] w0 Xl npx| 2o = ALE-
® MCHel 7% 100mM<] MCH$F 9.90mL<] 1xPBS9 100uLe] MPA &S

E3ste] ImMe] MCHE Al&stich. 2uMde] ¢AE 187 Z2o] a3l
oh WA AZE CNT AA e 29 SHTE o838t AHE ddstsion 1
2AIZE o] Aol HAzEATH o] F ImM MPA 5ulLE 2z Aol 4T 9 &

=

471 2% A4t ol % AlzhE 40mM



EDC¢ 10mM NHS &5 1:1 v &2 &£Fate] 2 d=o] bul =233 o
Aol A 12/ 2bE e FF 28479} ol =A%S Attt o] F DJ-13% LRR
K2 &AL 7t7F 3ul? a5 duid ol 2xste] 4TellAl 12435t 8
AS A3 AZh vpAe R ImM MCHE A Aol 14759 =2361¢]
om 1x PBSE ulgalx] €O fuiE A AsATE 2o TY AlAE 278C

oA BaE A

Clezn MPA EDC !
0. _OH 0. _OH 0. OH 0.0 0
@ m—— Y T » NHS Sy ﬁ’
S S S S S5 S
(a) Bear sensor (b) 17} HHEAE () 24 EHFYH
éll-h Ngll-l. B%H; Nng: éIH; §IH,
antibod o O0_.0 MCH 0.0 0.0 0.0
FooBph Bee Beb o, Wl Bed g
s S S S 5 S
(d) EH 188 d) EERE 2

9% 17 AN BEY need

A 143 A MM AeS BEE7] $189] electrical impedance spectrosco

py(EIS) 54 & &3l HeolFA=E A=(Nyquist plot) & =Z3ke] AlAe] Wzt e

= Fdstdith EIswe d7]gket AUy < sz, 10kHzel M 10MHz9| =

TE 2985 AHESte] BHY A=

AZAY AES FASHE o AFEEY W2 Fae 12 ZEsto] W2 =
2 =

A B NAES wolt Ao

_’]9_



—s— Surface Modified
—e— Bare Electrode

1000

800

600

400

(wyo) .z

200

800 1200 1600

Z' (Ohm)

400

I 18 B3I § Yo]HAE M=

3} A

AL L7

&}

=3
=

A]

o)
o
el

)

R

ol MCH &vj7} u]Eo]

T
i)
ze]
-
&

X7

X

2) RN #

A

g 7] kel

A

A

H

A

7)o 2 AlA 9

=
=

A

87 wprel ¥

fvze)

)

H
Ho

500pg ~ 500ng°]

-
1

LRRK2Z

_20_



Current

Curent

1.6

1.2

0.8

0.4

15

12

DJ-1

¥ =0.1993x + 0.3417

R2 = 0.9923
3 10 50 100 500 1000 5000
Concentration(ng)
23 19 DI-1 Al et AlM g5
LRRK2
y = 1.0734x + 5.3747
R? = 0.8569

Concentration{ng)

72 20 LRRK2 aH4] 1AsH AlA ARZA

QI8

_21_



24 A% Moz o FAM /5e FEete] test g 42 T8

ml

@Atk DJ-12 y = 0.1993x + 0.3417¢]", LRRK2+= y = 1.0734x + 537479 A 4A
A ge A9tk o] e 7IMe R v A58 o] &8t 2 @Al wE Limit

o] 71A o &S XFHAE gnlEtH, S AA T &tk 9 A
Y3ste] LODE =% & 4% DJ-1¢ 49 0=1.0734, S=0.400177 <= i3t

o] LODE ¢ 885Inge] W9 ™, LRRK2¢l 79 0=1.98024, S=0.1993 72

gto] LOD+= ¢F 0.332ng= =58 & vk E=3 nAsr daw Ax9 vzide

g 5] Aol BIS 4% stglon 1126 o 22 A%E EEsavh

ﬂl

4000

1 —=— Bare

35004 ¥ Surface modified
1 —s—DJ1

30001 4 LRRK2

2500

2000

2" (Q)

1500
1000

500

T — o 1 & | & | F T T ] 1
0 500 1000 1500 2000 2500 3000 3500 4000
Z' ()

T3 21 @A) 1Ae} § Lol AE HE

1S9k 2ol FAZ nAgstA @u APsg

A ZA3+= Bare Al A

i
£
&
&
s
iy
NIV
flo
rEI
o
ki
i
s
ea
+ o
otk
K
o
4
-
A\



B

e
-

N
4

—

Sl

Codl
4

shelet.

S

g

]

=

=

tol DJ-13 LRRK2

S

2]

A&l °F 40 T 160nm W] AEe &

Z O
E

]

ol
2

N

N

B

=

=

of we} DNA, RNA, # &, tjA}

2 22 Urinary Exosome

]

1

[e]
-

ofg] dAgel =

[mt
e

LRRK2+ #

s

5= A ol A

&

X
_foﬁl

i

1

ﬂl

—

N

o

%

R

+

ol

0
o

= &eFA ArI33]

o] o
AT

]

(e}

sl

)

= 3}

4
B

LRRK2

- ==
- o

o]

_23_



SR AE 23 2L wEolt AAR F5 AL Sum HAE WA F3)
NA Agd 2de Besden], 2 v 4T A 60%1F 17,000 go PO
7 QARAE B3 ol A& azEe sk THPE AAsGc o
3§ §912 022um BHE B3ste] H70] 022um o9 WAL AAFG

o o3t §e MWCO BEeS ol T4 Foela 4ToA 3087 300
0 gol A QA stk ¢ F42 Ba) 48 £ ExoQuick-TC §712
EFste] 4ToIA 0BT ALFS FHAGoM F2 EFES 4T, 15219 ¢
oA 2% B ANRLE Fal GxF AL Fu

il =

Urine
200mL Centrifugation
4°C, 2,000g, 30min

Pellet f
; RS
— ( = ‘, — supernatant
/ a —_— 80um
a Nylon Mesh filter

Centrifugation Centrifugation
4°C, 17,000g, 60min 4°C, 3,000g, 30min

supernatant

- \ / - 0.22um filter @
VAR W

ExoQuick-TC Centrifugation
@] \ & Pellet 4°C, 15,279g, 2min 28 Exosome Pellets

~ T - D — T
s N

I 23 A¥HE 0]8&3St Exosome && 2 EZ



"
W

10715ng/mL,
LRRK2¢] %k

4 A3 DJ-1&

=
=

aF .

R

29e 2
el Ax gol AEHAT 7

==
EUS

A 7]

5}

=1}
=]

18731ng/mL

-
1

LRRK2

o]

o]

ol 7}

1}
=

tow, 30t A=

7| &3

19 vho] @ 4l o]

—_
o

ﬁo

LRRK-2
DJ-1

.

LRRK2 in Parkinson's Patients

45

1
| = .
|
|
1
1
= L]
1
1
1
1
1 - .
1
1
1
1 - [
|
1
1
=1
= ] L]
al
B
m
=M |
kil |
- = .
=1
i~ |
-
ml
_Ul- - -
= |
|
iy
=l
i @
1
M.
w @
3 e

(juwyBu) uonenuasuon

Samples

DJ-1 & LRRK2 5% Zx}

=
=

2o o

O 24 A8

_25_



.
ol

1o, MPA, EDC, NHS, MCH 5% A&

%3

Al

=
=

o] 9. 414

N

FZE3to] &l nlo]entAR DJ-13 LRRK2

KeX
=

—
fite)

N
H

o

=3

23y 7.78Q/sq7t A A

=2 O
:‘T;g =

X

el

=
=

B

o)
o

At
o1 DJ-1

S

o~
T

sk
=

T

°F 0.332ng =

-
1

8.85lnge] 1e.m™, LRRK2¢] #HZ=3%H

ok
2

o
o

S
T

B

2
= A

B

R4

s ool

o] &

=
=

slel Axt grel 7

=1}
=]

+ 18731ng/mL

10715ng/mL, LRRK2

B

oY

O
"

£
U
B

o

A ol ut

&}

Zlolth, w3k DJ-1, LRRK?2

+
ol

il

)

ol
N
!
xR
TP

=)

N

el

R

3]

A A= o, o

)

3}
=

A

el
B
ey
NJo
!

=K

_26_



o2k
K
Mo
ra

L

(1] #2sA. "d0&de =7 51#]  10.3  (2009):

291-301.

.
o
il
juled
oz
b
r o
lo
%

[2] Dolgacheva, Ludmila P., et al. "Role of DJ-1 in the mechanism of
pathogenesis of Parkinson’s disease.” Journal of Bioenergetics and

Biomembranes 51 (2019): 175-188.

[3] Kim, Hyejung, et al. "Methionyl-tRNA-synthetase is a Novel Interacting
Protein of LRRK2.” Journal of Life Science 28.2 (2018): 170-175.

[4] &A1 "BEda A AE vAs " 3= 2o 5hE] A

11.1 (2021): 31-36.

[5] Karaboga, Miinteha Nur Sonug, and Mustafa Kemal Sezgintiirk. "Biosensor
approaches on the diagnosis of neurodegenerative diseases: Sensing the past
to the future.” Journal of Pharmaceutical and Biomedical Analysis 209 (2022):
114479.

[6] Mobed, Ahmad, et al. "Biosensors in Parkinson’s disease.” Clinica Chimica

Acta 518 (2021): 51-58.
[7] Guo, Zhipan, et al. "Constructing a novel 8-hydroxy-2 = -deoxyguanosine
electrochemical sensor and application in evaluating the oxidative damages of

DNA and guanine.” Biosensors and Bioelectronics 86 (2016): 671-676.

[8] De Volder, Michael FL, et al. "Carbon nanotubes: present and future

_27_



commercial applications.” science 339.6119 (2013): 535-539.

[9] Perumal, Veeradasan, and Uda Hashim. "Advances in biosensors: Principle,

architecture and applications.” Journal of applied biomedicine 12.1 (2014): 1-15.

[10] %1 "He] oAM= A 3

il

g2 39 BT NEWS 11.2 (2004):

5

24-34.
[11] Rocchitta, Gaia, et al. "Enzyme biosensors for biomedical applications:
Strategies for safeguarding analytical performances in biological fluids.”

Sensors 16.6 (2016): 780.

[12] Nguyen, Hoang Hiep, et al. "Immobilized enzymes in biosensor

applications.” Materials 12.1 (2019): 121.
[13] Zhang, S., G. Wright, and Y. Yang. "Materials and techniques for
electrochemical biosensor design and construction.” Biosensors and

Bioelectronics 15.5-6 (2000): 273-282.

[14] Sireesha, Merum, et al. "A review on carbon nanotubes in biosensor

devices and their applications in medicine.” Nanocomposites 4.2 (2018): 36-57.

[15] De Volder, Michael FL, et al. "Carbon nanotubes: present and future
commercial applications.” science 339.6119 (2013): 535-539.

[16] Smart, S. K., et al. "The biocompatibility of carbon nanotubes.” Carbon
446 (2006): 1034-1047.

[17] o]=4, sl 84, and A28 "9NEW A 8A A2k 7le F 24

_28_



R e g% % 22 53 ARE sAeR d=g@dI=aA 113

oo

(2020): 13

1

-143.

1‘
to
a
to
dlo

2,
N
r]I.
s
)
~y
(>
ok
P
(i
a
N
i)
oo

[18]&- 3] A, "Wav2vec = o]-&3l

A+ 19.12 (2021): 353-358.

[19] A<17]. "7F5A &8 e A9 FAA" kA okEsha] A 19.1 (2008):

¢

29-37.

[20] Kim, Hyejung, et al. "Methionyl-tRNA-synthetase is a Novel Interacting
Protein of LRRK2.” Journal of Life Science 28.2 (2018): 170-175.

[21] Balestrino, Roberta, and A. H. V. Schapira. "Parkinson disease.” European

journal of neurology 27.1 (2020): 27-42.

[22] A, "Himrlo]l & AlA /A A3 A7 HAAR 174 (2004).

[23] Khoshnevisan, B., M. Behpour, and D. Kaveh. "Optimization of hydrogen
uptake in Ag - CNTs electrodes with charge - discharge cyclic currents.”

Physica B: Condensed Matter 404.12-13 (2009): 1733-1736.

[24] Shinwari, M. Waleed, et al. "Microfabricated reference electrodes and

their biosensing applications.” Sensors 10.3 (2010): 1679-1715.

[25] He, Xinyang, et al. "PEDOT: PSS/CNT composites based
ultra-stretchable thermoelectrics and their application as strain sensors.”
Composites Communications 27 (2021): 100822.

[26] Shen, Jie, and Chung-Chiun Liu. "Development of a screen—printed

_29_



cholesterol biosensor: Comparing the performance of gold and platinum as the
working electrode material and fabrication using a self-assembly approach.”

Sensors and Actuators B: Chemical 120.2 (2007): 417-425.

[27] Kelestemur, Seda, Mine Altunbek, and Mustafa Culha. "Influence of
EDC/NHS coupling chemistry on stability and cytotoxicity of ZnO
nanoparticles modified with proteins.” Applied Surface Science 403 (2017):
455-463.

[28] Vashist, Sandeep Kumar. "Comparison of
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide based strategies to crosslink
antibodies on amine-functionalized  platforms for  immunodiagnostic

applications.” Diagnostics 2.3 (2012): 23-33.

[29] Sun, Xiulan, et al. "Enzymatic amplification detection of peanut allergen
Ara hl using a stem-loop DNA biosensor modified with a

chitosan—-mutiwalled carbon nanotube nanocomposite and spongy gold film.”

Talanta 131 (2015): 521-527.

[30] Perumal, Veeradasan, and Uda Hashim. "Advances in biosensors:
Principle, architecture and applications.” Journal of applied biomedicine 12.1

(2014): 1-15.

[31] Kalluri, Raghu, and Valerie S. LeBleu. "The biology, function, and

biomedical applications of exosomes.” Science 367.6478 (2020): eaau6977.

[32] Jang, Jihoon, et al. "Oxidized DJ-1 levels in urine samples as a putative

biomarker for Parkinson’s disease.” Parkinson’'s Disease 2018 (2018).

_30_



[33] Taymans, Jean-Marc, et al. "LRRK2 detection in human biofluids:
potential use as a Parkinson’s disease biomarker?.” Biochemical Society

Transactions 45.1 (2017): 207-212.

_31_



Development of Dual Antibody-Based Biosensor Using

Carbon Nanotube Materials

In Seok Kang

Department of Mechatronics Engineering
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

ABSTRACT

Parkinson's disease is an important senile disease recognized worldwide
and is attracting attention due to the rapid increase in its incidence. In
this context, this study explored the possibility of early diagnosis of
Parkinson's disease by developing biosensors using carbon nanotube
(CNT) composites. In this study, we developed a dual antibody-based
biosensor targeting the Parkinson's disease gene mutations, DJ-1 and
LRRK2. This focused on maximizing the sensor's performance by
leveraging the outstanding electrical properties of the CNT. In the
experiment, the mixing ratio of various CNT composite materials was
tested, and through this, the cotton resistance was successfully lowered
to 7.78 ohm/sq. This played an important role in improving the
performance of sensors and in the accurate detection of Parkinson's
disease biomarkers. In addition, this study sought to improve the
performance of sensors through sensor surface modification. This

method has succeeded in increasing the accuracy and stability of the



sensor. As a result of this study, in antibody measurements conducted
in the general population, results in the range of 10-15 ng/mL for DJ-1
and 18-31 ng/mL for LRRK2 were obtained. This shows that carbon
nanotube-based biosensors can be used as an effective tool for early
diagnosis of Parkinson's disease. Therefore, this study proved that the
development of biosensors using CNT materials can play an important
role in early diagnosis of senile diseases such as Parkinson's disease.
This suggests the possibility of being used for the diagnosis of
Parkinson's disease and other diseases, and will contribute to the

development of more accurate and faster disease diagnosis methods.
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