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(57) Abstract: The present invention relates to a sensor and a
device for the electrochemical quantitative analysis of ni-
trosothiol (RSNO) associated with the storage and transfer of
nitric oxide (NO) within the human body. The invention
provides a sensor for measuring RSNO concentration which
comprises an electrode which measures a current generated
by the oxidation of NO and a means for initiating and stop-
ping nitrosothiol photolysis, wherein the sensor measures a
current by NO oxidation before and after RSNO photolysis.
Since the RSNO sensor of the invention enables measure-
ment by distinguishing RSNO and NO signals which are

present in a sample at the same time through one electrode,
the interruption by NO is improved in the measurement of
RSNO. In addition, the sensor of the invention has a simple
structure, is easily manufactured, and enables the miniaturiz-
ation of the electrode, thereby allowing the sensor to be de-
veloped as a sensor for in vivo measurements hereatter.
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g Al A

Hodbyg 8 1] E 22 A E] 2 (nitrosothiol, RSNO) %= S -2 Al A 2 A-X] o 343k
Ao 2 A, A& ol AAakalA A (nitric oxide, NO)&} L E R AE]2-0] FA]
A wo] YEZAE]Zo] Fi-dH = AES o] & o =H shte] I
& F =ARRYHY ANEE sl S48 F e FHE AT 5,
g2 RSNOG| 55 S Al NOo| o] gk W3l 2h-8-& vl Al shof 1heks}ar §-o] gt
W02 A EA = RSNO SA4 2 71631 Al 8 ool T3k Aol

A gahe 2 el oh R0 NOS| AR, EEA, A8, 1371 A
27 A A 2] 7] sE o] EE Wl XA NOol| theh A= U5 S5 5L 9+
FA o]tk NO9] & # g4 (vasodilation) 2 83 % (ant-thrombosis)

& AJ(Radomski, M. W et al., Proc. Natl. Acad. Sci. U.S.A. 1990, 87, 5193-5197)=

A TA oF= 7o) -85 a1 Lo, i) 4] A 3 (macrophage) 5 ©] o] aF =
NO<] ]3I 2}-& (phagocytosis)+<> & A (tumoricidal agent) (Langrehr, J. M et al.,
Transplantation 1993, 55, 1205-1212), &+ A A (antibiotics) = =gl 2] o} A
(bactericidal agent)2] 7] ol &8 31 9t} B3k NOE= A3 7+

A & 4 E& 4 (signaling molecule)2] 3}1}(Ohta, A. et al Neurosci. Lett. 1993, 158,
33.35)0] 1. o] 2] @ NOS| 741491 W3 71442 T ah7] A A 2] v e
NOE A8k Al i -9 ol A NO©] #5124 ¢l A4 o] wl-¢- T &3}t

@8, A7 A& NOS| Al2].o] 54 o sto] %28l Well wel, Aol 4 NOS)
A% He dd Ao tisl A S 2E7] Al bt 59], wkgAd o] 2
2}t Zh(radical) &4 91 NO7} -2 <778 (Cha, W. S. et al., Biomaterials 2007, 28(1),
19-27)0l) 5 27531 Q€L Al FA 0] o] Fol W S YTk 1L ¢ T AE]
V4 2 AR olol dlat dl kol ¥l3= 2o] U= 24T o]t %, NOt:

A 3Z ¢toll A RSNO & Bl & W & 5] o] H &%= A o]t} (Zhang, Y. et al., Proc. Natl.
Acad. Sci. USA, 2004, 101, 7891-7896).

2 2ol NOS| A4 T Aol #ho] 8 RINOS| FEE S5 9@ e
Aol s

RSNO+ 3}7] 8812 12 £ ¥, Az 3lo] =4 7| (sulfhydryl, R-SH)7} NO]|
2] &l o] E 24l &) o] A (nitrosylation) & S =4 FAJ Wt} B3k, 7] 7] Rol| whe)
A s vl ol o 53 o WSl 5ol wel 48k Kol vhw, 9l
W =2l 85 ooy 9 2] T5 thFat Al afo] EAlsHAl H T

EESE
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[12]

W12 A W EA 8k i 3141 Q1 RSNO )13} o] th(Williams D.L-H. er al.,
Acc. Chem. Res. 1999, 32, 869-876). 0] &< & 7] ol A &<t 3l FA4)2
RSNO®} &), 7] Foll A Hg 21 Q1 & <t ¥ = RSNO $}-5+=+& o] th

RSNO?| Astst4 2442 S-N Aol iefel 9|3k NOo| 445 &3
T3 H T =2+ RSNOZA-E NO7P A E = wAYEE e Aot (a) 2
(b)+= =< S H Cu((D), AD)ell & gk -3l o] a1, (¢)v= Lol of gk 3Fshi-af o] ],
(d)e wap HE R4S} ghg-of o] gk iLsf o]t}

RSNO+= Aol A 5= nM WA 7 uM o] v 5- w2 = &4 5k, 214
Tl mef EA sk G 72 thE v whebd RSNOE 54817 Y8l A+

A A 2] -84 (sensitivity)©] H-$- $-<=3f] oF Sk}, ttfﬁ 214 © &2 RSNO+= 37|

ol 4] 2ok spo] 41 18157 Wliel, RSNO =4 91o] v 5 =
AA Yol A =7go] 7hset 51 D ool mha} A = O]Xﬂ Y 2 v S50
A 3= 7H=dl ol 4] RSNO9 off g+ A B A (selectivity) ©] 352 Zl o] & 7H T}

U HEA 9] RSNOQ| S A H2 217 ]32}5—. NO A A & o] &3} = v olt}, =,
w5 SR Cu((D), (ID) B+= Astsh4 Sul & o]-&3Fo] RNSO=

S| A[A o A s= NOE zﬂﬂﬁ}ia NO A2 o] &3to] =430 2K
I % © & RSNOE A #3}3glt}, e} o] -2 Al & 1] RSNOS} NO7} 7|
EA o AA 7 7]E] NO<E S ol o] 3l 4] RSNOZHF-E] 3] ¥ of L
NOE T8 < $lth= eA A5 7k 3L )t} < RSNO 54 A] NO2] &4 7}
Faf| o2 A8k Aotk whebA A7) W o 2= A o] ekt
5 g S48k 3lo] Erlsslth

o] ¢} & F-A A& el A st7] 913l AHs W (differential) 15 7] (Cha, W. er al.,
Biosens. Bioelectron. 2009, 24, 2441-2446)2 -4 3}o] B A3} A} 6= =¥ &
AN S 5 79 AT AFESE, aFLbe] A F 0.2+ RSNO9F NO9

i
o
=

o

FEE BAG Y0, GE e FEATORE N0 FE Fgste] T

14 dofxl A A& 2] 245 4k o] -8-8to] RSNO v 18 S48t

=
Wi o)t e o] iH-2 91 5 7)) 9] Ahs ol 9o NOe gl gk 7§ o]
A sra] AA| ) of 3= 7l o] Wk E|of o &} a1, gk IS5 5 7l A&l oF
st 2 SR 7} H5hskar A A el Ao 25 2]l S ol =
o]-&3}7] &3 th= A 7}
e o] A g A
7l =4 A

gk vhe) e TAE F 4 35H7] 98 B g2 RSNO 54 A, N0 &4 =
o13k Hhaf 28-S vl Al 3lo] 21F A 21+ RSNO &= 574 0] 7153 RSNO 5=
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N

-5k a4} Sk

U= [}

EEO'J, & 7= RSNO9F NO2| A& ko] 715 8le] Al 2ho] g-o)sfaL, et
T 29 8kE A E AT =M AA W A 8o Tl she s Fhrk
A 2

T Arkshd o) Abs) nkgol] of 3 A= AR{E HHehe AT A
HEZL2E S F388 /A 2 GAA 7] = -2 3236, RSNO2| 33
A W 0] NO sk bl o] 3 H5-5 543k A 54 0 % 34 RSNO
TESAE AE AT

FA ol =g st
FYPo R A4l e
Hl-k2) 87, 7] A =2 W F(platinum), o (gold), <(silver), U+ (vanadium),

L}o] @ H(niobium), B & (tantalum), ¢!+ (indium), E}©] B} (titanium),

YA (nickel), & ] B 6] d (molybdenum), & (iron), -2 (copper), 5% E (cobalt),
= % (chromium), Y] 2= 2~ (bismuth), & 5-V] F (aluminum), Y7 =& (nickel
chromium) & o] &2] 230 2 o]F o) 17 A AE Y= 152 FA
ol A S 2 FA el Tl Slolvk

Hl-k2) 87, 7] A =2 W F(platinum), o (gold), <(silver), U+ (vanadium),
AFs} f A (silicon oxide), Y-©] S.H(niobium), ¥HE # (tantalum), <1 F (indium),

E} o] B} (titanium), 1 7 (nickel), & ] B E]d (molybdenum), Z (iron), -l (copper),
F19FE (cobalt), 73 (chromium), =1 (graphite), H] 2> Zx(bismuth),

¢F5-1] 3 (aluminum), 2F8} o} W-7H(zinc oxide manganese), Y7 =1 & (nickel
chromium) 2 0] 59| 2302 o] F o 17 A A= 135S 2Fo] o (wire),
I (rod) 1= Fh(plate) F B & A 2hs}ko] G4l ol -2 7 S 24 G4 ol
=304 Aol

Hlek 2 847, 7] A2 H(gold), B A (carbon), < (silver), ¥ = (platinum) =
2.3} B A 3 (silver & carbon) &% O] F-o X 1ol A A B = 15 o]
y}2} 3 (paraffin) 2] & LS ¥ §3l= <3 2 ES G F T Rxgho 2
FA ol = E Aot}

Hlek 2 847, 7] A2 H(gold), B A (carbon), < (silver), ¥ = (platinum) =
2.3} B A 3 (silver & carbon) &% O] F-o X 1ol A A B = 15 o]
b2} (paraffin) Al L A& X3l S 2 ES 539 FAl 7 T
LSl JAH AL 7] FAA R Gl = 2 s 2 A o] AERFE ), A7)
2 g 2= A4 E ek A Aol ] £33 2 EE5H

M
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~
P
4
o3
=
s
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ol
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1 = -
o] A drh
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HkA 8EHA], 7] FAl = 278 250um WA 3mm M o] 5 O,
Zeh Y, A8 Jhsilica, Si0,) B+ T 8l (glass) Al & o] T,

nlek 2347, 7] A -5 ©@ Y B (single mode optical fiber, SMF),

U} 5. = (Multiple mode optical fiber, MMF), &7 =" (Step index type, SI) ==
A Y = (Graded index type, GI) E}{] o] T},

v BHA|, 7] RSNOE] Ftal| & /A B AA AT = e, 7] A5
ol wj A s}aL, 7] bl o Ao Y WS a5 B Abdskes
Zlo|t,

Atk st A, 71 FE sl = ARel A 9 9(320~350 nm) WA 7R G4l
% 21(550~590 nm) <] I W 5 2= ol o5 doj it

ukk2) &k A, 7] Aol w= NOol| th g A 8 4] FabA] who] @A wof gl

uhgk2l 51 A, A 7] RSNO= §-H E 2 A 231 (S-nitrosoalbumin, Alb-NO), S-

Y E 2 A -1-A] 2 H| 91 (S-nitroso-1-cysteine, CysNO), S-

YE 2 A 1A 2 H| Q1 v E of] 2~ Bl 2 (S-nitroso-1-cysteinemethylester, CMESNO), S-
Y E 24 -d,I- 3| Y A o} ¥ (S-nitroso-d,1-penicillamine, PSNO), S-H E 24 -N

-o] A&l A] 2= ¥ 91 o} ¥1 (S-nitroso-N-acetylcysteineamine, ACSNO), S-H E 2 AN
O} A €l -1-A] 2~ Ef| Q1 (S-nitroso-N-acetyl-l1-cysteine, NACysNO), S-

U E 2 A7) & 3 2 (S-nitrosocaptopril, SNOCAP), S-1 E 24 -1 7] B o El o} 11 (S
-nitroso-mercaptoethylamine), §-1] E 2. 4~-3-1 7] 32 2 3FAk(S
-nitroso-3-mercapto-propanoicacid), S-H E 2 A S EA] 2 H QI(S
-nitrosohomocysteine, HcysNO), S-U E 2.4~ -b,d-E] .= F 3 22(S
-nitroso-b,d-thioglucose), S-1 E 2. A-N-0} A €l .d,1- 9| 1] A o} ¥1 (S-Nitroso-N
-acetyl-d,l-penicillamine, SNAP), S-1 E 2 A N-o} A€l -d - # U Aol d <24l
) el o] 2~ ¥ = (S-Nitroso-N-acetyl-d,l-penicillaminyl glycine methyl ester) % S-

U E 2 A -1-=F EFE] 2 (S-Nitroso-1-glutathione, GSNQ) 0. 2 0] F 0] %] 21 ol A]
AEE = 15 o] o]t
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SRR UES ALdes FHOR ALY = P F= =F 2 E9 2l
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fiber, MMF), &7 =" (Step index type, SI) H=+= 919 = (Graded index type, GI)
L9 o] FA 12 AR < T

g ol Al RSNO9| Fit-all & 7H A R AX A1 717] Y g o= FAl 7 2

A

Bt FHul =292 & AR AR 4§, N0 ATsb-E AR FA4 5 A5
|

==

O g 2 o of fo
N R
o Mk 2 S 1o
rlo
>~
>
A

4!
o wo -t o
2

=
= O

i
e

A7) Bl EYE FE R ANEEU S, A e dSo] s =

= Al (body) = AR-&H TR FA Froll A5S =)JA77] S o me, 249

32 A ¥ Y (screen printing method) ¢l ]3] 54 = v 559 A2 B4&

ER3AY, 75 A M (sputter)oll o] &l 5 WS A AL, e wHe
At

9}o] o] (wire), 2= (rod) B+ F(plate)S ©]-8-3F 4=
A9 T Y ol o8 A5S dAdsH] A =
€2 (carbon), (silver), W 5 (platinum) 2 >3} €4 2] 23} (silver & carbon) &. =
o o) Lol A8 = 15 o] o] 7 :
-2} (paraffin) Al & H & E538h= £33 2 &S A
gho}, o] ) FAl o] A= E3o] EAEE o2 %
o) |
=]

e v o] A e Rt
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[53]

[54]

[55]

[56]

[57]

AxATI= A0 2 A59] B s dh nhe 2 s, 7] =eld A5
Adell of 3 Al A o] Ag s 2ol 1A AL, AT Ekehe A Fo] S
A wado] 5l B = AREF

B
I

(A

w4 FAH o 8f B ol 52 FAdskr] 8 A = W H (platinum),
H (gold), <(silver), U} -5 (vanadium), -] 2+ (niobium), ¥-2  (tantalum),
1 ¥ (indium), E}-©] E} 55 (titanium), Y # (nickel), 2] 2. U]'d (molybdenum),
A (iron), 72 (copper), T2 E (cobalt), =1 (chromium), H] 2= 2x(bismuth),

¢+5-1) F (aluminum), Y7 = F(nickel chromium) & 2] A %A 75 5 8fvf ==

5 ol gte BE RS BLO R sto] WA frol T uhuke Z2A) 7]
A0 G}, o] wel| 2 Al froll 5 o] FH¥ = e ABH A F-)
W, 9l s e gl e] AR s 9l | S Qo BYH B4
upar ) o) AFE el ofa) AlA o] A 8 o] A 51, AFS E3hehi
YAl § B AN AR FUE R A gk Ao nhetAl s,
A sfojo], == wi W FA Fol EYH = AT O o] §a AL

W (platinum), 5 (gold), <=(silver), -1} (vanadium), 2F38} 1 4 (silicon oxide),
L}o] @ H(niobium), B & (tantalum), ¢!+ (indium), E}©] B} (titanium),
YA (nickel), & ] B 6] d (molybdenum), & (iron), -2 (copper), 5% E (cobalt),
A 3 (chromium), = ¢ (graphite), H] =™ Zx(bismuth), &1 ¥ (aluminum), A+3}
o} <1 "7k (zinc oxide manganese), 17 = ¥ (nickel chromium) ¢ AXA] &4 <+
vt = = ol St EHEERY A ool mE, BE& dAA
HzrA o o8l F4d ol F-2FAIA AFE-sh= ot o] ol I= efo]of, =
ol Aol FaE = FAo 4L ey A Fe di, I e
W o] A e AR E ATk ek =l E AT B4 95

[e]

Mol g E o] AAH I, AFe Eakats P4 f U Ad B

Al A
& A = ARk Al o] uhekA B

A ZHY H SO0 R AT S-S B FA frol AT EYAIZA
ol = "dlo] 2 Faatal d5o] miEE = ol Y djoFstnm, A5 4o
LxE FAE THS AL 502 a2 § LS Atk Aol ukekA s
O U B e AT BAR BAE LG5 S5 2AES RXF S
Axsto] A5 AT 7)ol FrHA o=, A59 A4S Hl6|aL
A718ker A S ol7] S8l A5 el e EF5AZE 5 St

gk, g ol A RSNOQ| Fall & WAl R A A 717] Yk o=,
A5 b s ol v x| akar o) - Fel o = A7) Zd o] v H b4l
WS T3 A9 A S = A2, v] 24 d S (disk electrode), 721 1 =H(coin
electrode), "t A = (rod electrode) 5 54 AF8- ¥ = W& e o dFolgd
Al gkglo] A& 713t

Sk, Horg o] AlA ol = NO9 Atshd /7 S Qlof el g2 el 2H&-&
7] 98 A= FHo] NOE Ae# o g2 Fapa] 7] = w8 u) glkv), A 18
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[58]

[59]

[60]
[61]
[62]

[63]

[64]

[65]

[66]

9 3 B4 9 sol-gel A EN 2] &N ol WS HIio] AT
FAYA 7= R RN E F4E o ATk
kA g o] o AA]o 2 A, B Hky of| X = G2AL< (backbone) S 9] SF

21 & Q1 (silane) TFA ZA] =5 98% 0]/ <]
v e E 2] v 5 A] A 2] Q1 [Methyltrimethoxysilane, MTMOS |3} 2Fol| 2174 &
Folgl7] ¢ sk A=A sk A 2 < (perflourinated silane) WA 2.4
(FeH7HEF 2 2-1,1,22-H Egtsto] =2 d| ) E g vl S A] A ) 2]
[(Heptadecafluoro-1,1,2,2-tetrahydrodecyl)trimethoxysilane, 17FTMS]S < 3} &} ¢]
sol-gel & 7ol A 2] #7123} (self-assembly) WEH-&-& 53)o] A 25k,
A7) A7 2 G 847 whg-A 13 22 R R o] Fo Xt
[RF5-2 1]

3]

el v g4 =2 &

| Hydralysis

—Si~-OR + HOH = v —Si~ OH + ROH
| Reesterification
! Water .
1 Candensation | |
—S5i—0OH + —/Si—0OH = —5—0—5i— + HOH
| I Hydrolysis | ‘
: Alcohol ’
| Condensation | |
—S& OH + Si--0OR - = —5 0O Si— + ROH

‘ Alcoholyses | ‘
17FTMSol A 17 2 &l Q1 degA o] Sk
1% SR IS sobe 591 5 o

27)e] $7} SRS S 22N G4

rkn
=
¢

S

NO+= XA B = AA WM = 74 X|Aurs S apsto] dedt),
Lﬁ}a}ﬁ,lﬂt%%ﬂ/ﬂbﬂ FH ZAd e 0O 2= NOE A8 4 o2
S A 715 Wb K924 o] o)A ko] 2 (nitrite ion), ©FZ~ 7 = H Ak (ascorbic acid),

Q Ak(uric acid) == OVﬂEO}Ul %= ¥ (acetaminophen) & 2] W3l &2 & 1 ¥ 4]
L5 gk o 2 M kg 5] 2F8-8 A A 8)+= 4l o] t)(Shin, J. H. et al., Anal.
Chem. 2008, 80, 6850-6859).
nga H}Q} e m ﬂmﬂq AA o] 1 A}ﬁﬂ = A5 N0 Akst kol o] 9
[e}

St

A 2+l A X1 (chronoamperometry) ©]]

=
281 A 7] A E EF 29 A 2% (Flow Injection Analysis,
FIA)ol| I2}]3lo], 231 = Al & Wloll A RSNOSF NO9| A 7|88t A S &

>
=405 A 0] Aol SAsH= A% FAH B o] 2 H LT S
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ol
o
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do

2] 0 2 7 o] A (laser),

A STLED, M AT,
3, , RSNO$] #1-3]]
AR & ARl Aol = 4 Sl =939

), Aol & 3 W APA 7= FYPoR

O ST TrEl-
S T ole

>
kil
do9
z

i %
>
0110 L M

I
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S
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o s
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>
1o do
2
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=
o
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o
lo
il
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o

o
=2
z
i
i
ol
ol
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)
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ol
10,
o
il
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>
oo
oo
g
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s
oy

e 2
Oroo

o
2
>
iy,
o,

ato] 4 7153k RSNOQ| FFoll =,

S-nitrosoalbumin, Alb-NO),

S-UH E 2 4 -1-A] 2= ¥ €1 (S-nitroso-l-cysteine, CysNO),

S-UH E 2 A4 -1-A] 22 H 91 v & of] 2~ B]| Z(S-nitroso-1-cysteinemethylester, CMESNO),
S-H E 2 4-d,1- 3| 14 o} {1 (S-nitroso-d,1-penicillamine, PSNO),

S-UH E 2 A -N-o] M| & A] 2~ ]| Q1 o} W1 (S-nitroso-N-acetylcysteineamine, ACSNO),
S-UH E 2 A -N-o}A| € -1-A] 2 H]| €1 (S-nitroso-N-acetyl-l-cysteine, NACysNO),

S-U E 2 A7) & 5 & (S-nitrosocaptopril, SNOCAP),

S-H E 2 A1 71 B o] & o} {1 (S-nitroso-mercaptoethylamine),

S-U E R A 3.7 & 5T 2 3H4H(S-nitroso-3-mercapto-propanoicacid),

S-H E 24 & A 2 H| 1 (S-nitrosohomocysteine, HcysNO),

S-H E & 4-b,d-E] &= F 5 22(S-nitroso-b,d-thioglucose),

S-H E 2 A -N-o}A| € -d,1- 7| 1 A o} W1 (S-Nitroso-N-acetyl-d,l-penicillamine, SNAP),
S-HEZAN-ofA E-dl-dHAolnd S84l e

of] 2~ ¥l] = (S-Nitroso-N-acetyl-d,l-penicillaminyl glycine methyl ester) %

S-U E 2 A -1- - FEFE] £ (S-Nitroso-l-glutathione, GSNO) 5 14 1jj 9]
EABAY, = ] H o m A A 5 ATk

S-HE=

by
Jz
o2

o

o)
=

—

A Al o] (RSNO 512 =48 Al 2] A=

(1) A 52 0] 83 RSNO Al A& A2 A =

T4+ B g o] w2 RSNO AlA 9] -4 8 A2 A 334 froll = d A<
A

AT BA 2 ALEE FAFRDE WEFA
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[76]

[77]
[78]
[79]

[80]

[81]
[82]
[83]

PMMA (Polymethylmethacrylate) XH Ao AL AE3 ) 34+ 10 e
Aol 2 Aetslo], FZ v o] L= A H == 3] Bl 4 HE alg 419
4>21(100, 400, 2000, 4000 grit) = /\}Ji Avld] FY}h 8 e, PG
Aol J8sld Fol 23t g BAS ol e s 2 AA 022
F25F AT v 02, B4 HES(DUPONT, Lot # RKP306) 2 = 334 - T S
xég_ ] - Xﬂ T 3L 5]_04 x}gj %(23)9‘ 6&/\4 6} Q_,Q. ttf;]r /\]-7] X]—E@ji
AAA22)} FAA T AAE A 'A WS o2 s ko] 1AM (22)3%
AT 23)0] A7 A R A A 3]lT, o] F-of =eto] 7] & o] &3}

B ol B H A TS 108 A xS A7 By AT o] 9] 9
A T B3-S o F A (epoxy)E ©]-8-3Fo] A A 24)S P AL, ol FHA] 7}
AzE 555 FUE o] &30 AT 95252 FA AT

ok, 2h9) 4 (23) 3EW ¢l Prblack 52 B4 38171 19, 3 %]
< g} 9 = 4H chlolroplatinic acid(H2PtC16)], 0.029 5% 2] 7 o} A e o] E(lead
acetate) ! 97 THF% &= 9] &N A],-0.1 V~0.5V (vs. Ag/AgCl) A9 11+
A, 50 mV/se] A 2R, 8 3] 23 A9 A7 (cyclic voltammetry, CV)©ll
ol gk A ¥ & 3}3ltt.

(2) NO A1 8 2] F=3h] o] 4]

NO A 82 F=3pa] wko] A 2S¢ &) W& 2pekslk 24 2] Microcentrifuge tube©]]
S 24 o &-2-(ethanol) 311.25 uLE 231, A AL ek A gl
G ZA =598 % o] S MTMOS 51 uLE Y& 3 808 2o]Fa1, v
5 (fluoro, F)7] &9 $18F 2 g ol wheka) =24 17FTMS 12.75 uL 4 7138k v,
HE BB A (vortex) S ©]-&-35fo] S Ho]FQduh g0 R e vheS
et F 577 80 uLek A= 2l 0.5 M2 A4S 5 uLFE 7kl o, 1 AL
W EuE R 24 3 S QF A -l EF Al 2B 9 (stirring) Al A WS -]
218 A Zl T

271 A Z % sol-gel &N (A 24 xerogel)oll 7] A 2Fd A& H1o]
T o] NO A& B} ubo] A) ¥ &5 g t}-S 244 7F
AZAZ T

F

NO 2 w3l o o gk 7+-& & 7}
9H-29(pH 7.4 PBS 0.IM(NaCl 50 mM)) 8 mLZ -2 % 10 mL 2]

5157 H (falcon)ol] ¥ F- 304%-7F A4 71~ & ¥ 5% (bubbling) 3} 3 Ul ]
A 7r=7k W EgE & o] B3l AT FHE NO7F & ¥4 (fusing) 2
AL A A S =71 el Aol ¥ F 20354 NO A 8o, 01519
mM| FE4 9 NO 3} & NS A xs vt E3tH &Aoo = RE v}gsh
FLEY NO &S En)akglth, E3k, Wl F 02 50 uM B 2] of @4k o] 2
ofz=s12 WAk, @Ak Bl of A Eoln| L gl 8 oS 0] 33l T

2
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[84] 71 A2 A=l tiel] 17135484 54 7] Q1 Electrochemical analyzer
workstation 760D(CH Instrument AP & A}-8-3}o] A7) =0]d 7} &l 0 2 KL E| 9]
A AFE A3 T 217 93 700 mV(vs. Ag/AgCHE 3 TE NO &4 o
ek 54 AaE 25 D el &0l ek 54 A3E 69 e o®

[85] NO9| 4% & =7F S7heka=5 Akst A 77 S5 7sk vk, whd, el F o] 4 -
NO9| H ] ¥ 1 uM Kt} 500 B 8k 50 uM2] & Lol o 8l A I vl - w2

(86]  mhekAl, B kol A A% A= Nool Ula] AEHolm, 1 o] mheh

(1) RSNO 2 RSNO/NO &% s Al S48 Aol AL-&5] = Aol A2}
7 W8 Bk o] Al E AFE-E= RSNOF 2 =4 8 2] o] AL-&-3}7]
St Al (cell)o] FAS EASE Ao|t}, A2 ol A2 S X|(acrylic) | & =,
A5 HA PP o2 A28kt 70 A H vlek Zo] oA B wj Ao] 7}
éO]L 6.7cm, A 2 A o]+ 3.8 em® 31 a1, E89) o] 1o A & uf A9
= 2.6 cm & 3T}
Ao RRY 2 A=, 7E A5 H Bz A
1t} Aol F=tho 2 E 2.3 cm ¢ A9
2Z@DE, I AHC=RE 0.8 nd (HAE
e B 232) 2 1 A H 0 RYE 0.5 cm 7k
FIlE B 233)E dAEA T =3 2 34)+= Ao Abd o 2 1L E
Al E R SRl A E R e A Rk o R 9|5k A 7Y 9
TRE FAsAT T2 %205 om, F0]+= 0.1 en =

5 |5.9] 75 WA]35H7] 93 O- ring-% 2rs
%’T}oﬁ URA] Aol A o) -2 Al R 5 v E A7) =
2E 14emHAE 531 34 ot

dAREFRS Al

]

81 21 A] o]l 2(RSNO 2 RSNO/NO 512 A =48 422 24
]
]

j&
:

HH
F 1r

==

[91] %

gmﬂ—%o
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o ®
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o

4z fo
L o
4 md

35)011 91311

r2 © 4n (8
 Hr oZ
B

>

NS,

a,

oZ,

2

lo

:(I>L_14

)

_1

b

=

g

(i, OH
v ELJ

[92]

[93] (2) & 25 A 22¥l(Flow Injection Analysis, FIA)2] /3

[94] 7] A A Al Aol 100]4 A&t AFE 2 dFo 2 FAkekglal, 7]
AT B B A5S gaekglvt 9o A g upet ko] Ao Al 5 (44)E
Fe157] e HE@n) H Aol Hlg gk 43S A@2)3 g
T/ 8Fo] RSNO 5= 54 42 & A 23}l oh

FN

[95]
[96] A4 5 W9 o] SNAPOI & 7352 S 7}
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[97]

[98]

[99]

[100]

[101]
[102]
[103]

[104]
[105]
[106]

all

A7) A2 ] ol o 3] RNSO9] 9sH4 5 e 9] ol A & 5ol w
NeE A8
Hlgk-g- ol © 7 pH 7.4, 0.1 M phosphate buffer(140 mM KCl1 16 uM
ethylenediaminetetraacetic acid)& AF8-3}% a1, Q17 91 2 700 mV(vs. Ag/AgCH =
Aol FAth RNSO=
S-H E 2= A-N-o}A " -d,l-9| 1] 4! o} §1(S-Nitroso-n-acetyl-d,l-penicillamine,
SNAP)ol thall =43} Tth SNAP 918 1,2, 5,10 uM 9] 5 =2 #1319t
& o] 40 mL31 Hlo] e (vial)oll 7] &5 30 mLA g 3L SNAPo] Hof| 23
WAl | A B SHEA] R Hlo] b2 kA U3 2ps)] SRl v v o B
< A A9 g 22EE H 3 (peristaltic pump)©ll 2] &) A 7}A|
#+% %45+ 10 rpm(revolution per minute) 2. % 317 8} 31 U},
ko] W52 441 St P SA AT SHA st =9
1A} ©]F-2 uM©] SNAP & & FtahA| A4 4 o2 &
AT, G5 S| 29 %] 23 (off) A Ef ol 5| SNAP -89 ¢]
e 5, G S 2 A E 2(on) A F T
| ©] 3l RSNO° A A ¥l NO29| AFsh4 78 3002 & <F
H oA S 29 A F L Z(ofhA ] F H 8k =
SAHAT o F A5 71 AA DA G 7 gl
-2 A 2 (washing) 3} % t}.
=3k ?Jﬁ ‘?}Okﬂ SNAP €9 o] ] 3
0ol YERURI T}, 5 o) whe} 257} F7)e) ot
oA AE g)go,e_Ta Aol A =L0.9989] 2 A4S
25E 2ol A= 1 WA 10 uM 5= 9 9] SNAPO|| o

EE vEha leE a9l
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[107]
[108]
[109]

[110]

SEolA AEIAE Bl o, iy =
SNAPell T3] %2 7Fa =5 YERaL Al 52 & 5 Ak

lo,
o2
fr
[9)]
N
wn
o
=

<
O

o
o,
do
lo,

NO % RSNO?| &%= =74

Cal £ 1(2nM NO, 0.2 uM SNAP), Cal &< 2(10 nM NO, 1 uM SNAP)
2 SNAPS| FE7F A7) Cal €9 1 Cal &9 22] W $Jof] £5}+= v #] 9
&N 1,28 F0]FQUT 2F & Aol sl 7)ok s AT WHOE A
=AsArt. =4 A2 E130) JEAT. A=
NOol| &gk Flo]ar, FoF Fu] 29X & ZS o 545 = 4A%+= RSNO ° 9] gk
z1o] .

E14 2 15+ Cal 29 1(0.2 uM RSNO, 2 nM NO) ¥ Cal &9 2(1 uM RSNO, 10
nM NO)ol| T3] NO & SNAP Z}+zhe] A4S ¢l a1, o]o]] n| x| ] Al & &
1,204 AR HF{HES FAI S Aot} 22 A3, NO 2 RSNO 9] A4 =4
o] mA AR g o R RE AoJZ NO H RSNO F=7f g5 o,
=] o) 7t s A9 E VERTH S, R38R A58 Al H 5]
Al vfEE NS A SEHFAS Wl Aol A EF S F7] o] &9 A g}
2 e el R INTAE = i e
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3749
787 1] ArkshA 2 of A3} whg-of] o 3 A ¥ = A
QEE/\H-Q-/] Jg}‘ﬂ oH 7H/\] 2 ;‘47(] ]7]

i

[7d -4} 2]

8 Zul 2991 AL E4 o & 3

[ A,

> 2 o Ah o o2 2 L H~1 o) e
N
o =
w2
Z
o
)
o
Mr
:(u}L_',
Al
)
>
oS
o
X
>
)
oy
4
e
il
0%
N,
2
I
o

2

A|28F

[ 7% 3]

A2 W 3 (platinum), = (gold), <=(silver), U} 1)+ (vanadium),

A7 A

L}-o] 2 H(niobium), e H (tantalum), $1+F (indium),
E}- o] B} (titanium), H 7 (nickel), & 2] B H] ¥ (molybdenum),
A (iron), - (copper), 5 E (cobalt), = 7 (chromium),
0] 2 2 (bismuth), €57 F (aluminum), Y% = & (nickel
chromium) 2 o]Eo] 3O R o] Foyx] IAF A AEEE 15
FA ol FRAI o EA G4 ol =RIE Al 5 SR
3}+= RSNO & A8 AA.

(77" 4] A28kl A,
7] A2 W (platinum), T (gold), <=(silver), U} 1)+ (vanadium),
AF3} 5f A (silicon oxide), 1©] 2+ (niobium), ¥HE ¥ (tantalum),
¢l & (indium), E}©] B} (titanium), Y 7 (nickel),
& ¢ B d]d (molybdenum), A (iron), 7] (copper), 5% E (cobalt),
A3 (chromium), =1 (graphite), B] 2> Zx(bismuth),
¢+5-1) F (aluminum), 2F8} o} A " 7H(zinc oxide manganese), 17
= (nickel chromium) 2 ©] & 2] 230 22 o] Fo] %] Z155l| A
“wﬂbrig%]ﬂigqﬁf%ﬁﬂiﬂﬂ4ﬂ%”°ﬂ
F2AA 02 FA ol Y EH As 5 0% 5= RSNO &
=

2‘
5 5
-1 ==
._L.-——'

973 5] A28kl A,
< 1 (gold), -4~ (carbon), <>(silver), ¥ 53 (platinum) =

& 3k(silver & carbon) & i 0] Fo %] ZLFol| A A B ] =
1% o]’} 2} (paraffin) 4] S LS X ohal= 3 2 =S
FA ol RS o 2 FA ol ESlH S SR oF =

=
wn
Z
@]
off
=
s
o
O
[, u
R

[78 7% 6] A2kl A,
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[ 7% 8]

[ 7% 9]

[7d7-8 10]

(g8 11]

(7878} 12]

[7d7-8+ 13]
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A2 = (gold), ¥ (carbon), <(silver), ¥ - (platinum) =
2.3} A 3k (silver & carbon) O % o] F-0] 7] Z1ol| A A El E =

a2} (paraffm)ﬁ] A= E?}fb‘}% R =

ol
o
03
ﬁ

]
%%ﬂ%&%ﬂiﬂﬁﬂﬂxﬁ@l,”ﬂ&%ﬂiﬁ@ﬁ%
E9skE A = A7 £ 2 EERYH I" SO
9 H A& 5A 02 5= RSNO &1 &4 -8 AlA
A6}l A,

A7 A WY Y S RS TR A EHe
o] N E = A& E4 072 3= RSNO 55 A4 & Al A
A28}l A,

A7) B = A7 250um WA 3mm H e YEFH o
Zet2o¥, 2 Y Fhsilica, Si0,) B+ TR 2] (glass) A1 A2 21
54 0 2 3= RSNO 55 =48 414,

A7) 34 v @Y X = (single mode optical fiber, SMF),

U} L. = (Multiple mode optical fiber, MMF), W7 = (Step index
type, SI) T2 1Yl =7 (Graded index type, GI) B} 91 ¢l 51

574 0% 3}= RSNO 5= S48 4lA.
Al 17l A,

&71 RSNO2| Fital| & 7hA] 2 A A] 4l
eFd ol v x| slar, o5 Fd o mHE V] el W Fw B
Apebis e 54 02 3= RSNO 55 5748 4lA.

Al 13l A,

=

7] ARl = H ol 2= ARl Al H(320~350 nm) WA 7HA] FAD
4 4 (550~590 nm) 2] T WSS zk= o] o4& dojr}= A&

E2 02 3= RSNO 55 S48 AlA

A1kl A,

A7) AT el = NOol| thgk A8 4] F=ap ] 1ol A x o] 9l AS
E2 02 3= RSNO 55 S48 AlA

%}7] RSNOE= §-H E 2 A Y E-H1(S-nitrosoalbumin, Alb-NO), S-

Y E 2 A 1-A] 22 H| 91 (S-nitroso-1-cysteine, CysNO), S-

YE 2 A 1-A] 22 H| 91 W © of] 2~ E]] 2 (S-nitroso-1-cysteinemethylester,
CMESNO), §-H E & 4-d,1-3] Y 4! o} 7l (S-nitroso-d,l-penicillamine,
PSNO), S-H E 2. 4-N-0| A| &l A] 2~ ¥ @] o} 1 (S-nitroso-N
-acetylcysteineamine, ACSNO), S-H E 2 A -N-o}A| & -1-A] 22 H| Q1 (S
-nitroso-N-acetyl-l-cysteine, NACysNO), S-U E = A7) B 5L 2 (§
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[7d -8} 14]

[7d -8k 15]

[7d7-8k 16]
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-nitrosocaptopril, SNOCAP), S-U] E 241 7] B o €l o} 11 (§
-nitroso-mercaptoethylamine), S-1 E 2.4 -3-H | B3 2 3-Ak(S
-nitroso-3-mercapto-propanoicacid), S-H E 2 A S EA] 2= QI (S
-nitrosohomocysteine, HcysNO), S-H E 24 -b,d-H S & F I 2=(S
-nitroso-b,d-thioglucose), S-1H E 2 A -N-o} A € -d,1- 7| L] A o} 7l (§
-Nitroso-N-acetyl-d,l-penicillamine, SNAP), S-H E 24 -N

oA ELd - YA olrd 2] 4] W E of] 2~ H] Z(S-Nitroso-N
-acetyl-d,l-penicillaminyl glycine methyl ester) = S-

Y E 2 A 1-=F B E| 2(S-Nitroso-1-glutathione, GSNO) & =

o] Fo| X ZLgoll A AEE = 15 o] Sl e 5 O s+

RSNO 5= 548 4l A,

A1e WA A 13 8 F o] = gk gke] MM E kel r] 5k Al A7)
AWZ A EE FF37] Yk gz, D Ao A58 Fa3tAY
AZEE A 2E WEA7] = 7S 288t A& 5H o= 3=
RSNO &% S48 A,

A 14391 A,
A7) e A A, w2 AT
S 47) BRE A Ase] A ol A Aot BEt
SR RE AR AR

==
=
HEA 7= FH e ddRs
&

A& 574 0% 3F= RSNO 51 548 A,
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[Fig. 2]

Cu®
> RSSR + NO -
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Cu*

RSNO (b) > RSH + NO -

\ b

(c)

> RS- + NO-

R SH;. R'SNO + RSH
(d)




PCT/KR2011/002688

3112

WO 2012/133974

[Fig. 3]

(U0)3 e (JHO)=ETS B
ONSYH £T
_éﬁ
ON + -8 ONSH
ON ;

EON <« ON ON-—>FON

w“&.‘ow n -~ JM
o7 N

\ amy /

FELL IS TY

"o uo
ONSH ”

ON v,

4
\\_ LD




4712

WO 2012/133974 PCT/KR2011/002688

[Fig. 4]

— 24

4 Y




WO 2012/133974

[Fig. 5]

I, NA

512

PCT/KR2011/002688

[Fig. 6]
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