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Electrochemical Degradation of Phenol by Using Reticulated Vitreous Carbon Immobilized
Horseradish Peroxidase

Seung:Hee Cho - Kyeong:Ho Yeon - Gha-Young Kim - Joonmok Shim - Seung-Hyeon Moon

Department of Environmental Science and Engineering, Gwangju Institute of Science and Technology(GIST)

ABSTRACT : Horseradish peroxidase, had the phenol degradation rate of 95% in aqueous phase, was covalently immobilized on the
surface of reticulated vitreous carbon(RVC) and the degradation of phenol was performed with in situ generated HO-immobilized HRP
complex in an electrochemical reactor. The incorporation of carboxylic group on the RVC surface was confirmed by FT/IR spectrometry
and 1-ethy1-3-(3-diméthy1aminopr0pyl) carbodiimide hydrochloride(EDC) was used for peptide bonds between the carboxylic groups on the
RVC surface and amine groups from HRP. The optimal conditions of in situ HOp generation such as concentration(10 ~ 200 mM) and
PH(5.0~8.0) of electrolyte, supply of Ox(10~ 50 mL/min) and applied voltage(-0.2~-0.8 volt, vs. Ag/ApCl) from potentiostat/galvanostat
were determined by concentration of hydrogen peroxide and current efficiency. It was observed that the RVC immobilized HRP was stable
maintaining 89% of the initial activity during 4 weeks. The phenol degradation rate of 86% was attained under the optimal condition of
in situ H;O» generation.

Key Words : Horseradish Peroxidase(HRP), Reticulated Vitreous Carbon(RVC), Immobilization of Enzyme, Phenol Degradation, In Situ
H;O; Generation

QO : 8A A A&l dal 95% BHEHS A= SYEMNERFNY Z(horseradish peroxidase, HRP, EC 1.11.1.7)E
428 B2 A6 2P o|E A7)3E v EQdst] ASgel 93 Ao AP E FARFAE o) L3
Az 2AE FPsET FTIIR BHS S6) 2ASAAT qud) HRPO} o}l7]s}t HE|= ZFE 3 7122477 AAEQ
=& FU3H L A (coupling agent) = 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride(EDC)S o] -&3te) ZoAT o T
LYSAIZTE EF HRPE @43 A7 =g sy 94 A= AHEE g $F 899 FE(10~200 mM)$h pH(5.0~
8.0), &5 2Hd& FYFH(10~50 mL/min)Y potentiostat/gatvanostatell 2]%t 9% FFAL-02~-0.8 volt, vs. Ag/AgC)e] 2A-L o)
3% RVC 35 ¥Wold B4HE B854 55 9 ARa82 Astd 2 A TAEAE BFsGh HRPYF 23 EE
RVC A2 27) 23318 HRP 840 ds] 43 S 89%9] Ay a4 274 =(relatively enzymatic activity)E AY= g5 A
FeE glagen 244 2ALY Ad44) A7)88 v EUHO! A Hieteae] SAZANA 86%] Rl ALL B
Kok .

FHO : FAEFAAZHRP), FFHVAAIRVC), T& 2, Hx Az, e A 24

1.ME 2931 A2 24 eddel AP BEe AU Y
oY ER 2% o9 BAY B4 glo) #FY £, 59

A 4 As FEASS 49, ¥ A4 9 Zaay SHEATRANY Fi(horseradish peroxidase, HRP, EC 1.11.
AFAZURY AFM o BAs= EZZ QA WS L% FENAEAE RN & &(tyrosinase, EC 1.10.3.1)
H2eH FEE SHe AU gle Eholg. o5 ¥ % 22 A5 FIERE 0] EF AwY LERASHpoly-
T8 F&25 AYE 99 B4 DA (activated carbon), 3 merization) %+= 7 F(precipitation)o]] 23 A EIA Q) A7
S(extraction) ¥ 3}8H4 Aksl(chemical oxidation) S ©)g Po] Basold gou 234 #Fu 2 349 o
2% 29 - g yo] ol&50] fou} IM L, AR g me FGHE 4%, FFU 24 BHIE AP

Hpstris 22 A ALAA ARFY § A4 F

d A8 B2 AFES Jehll ok watA ol 2
T Gonesponding author AR FEAIL Ned 2L vy 249 mRHQ 2

E-mail: shmoon@gist.ac.kr - -
Tel: 062-970-243@5g Fax: 062-970-2434 3 RAAS AT A2 AY V&9 el 875014
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BAEAEZRHY 2de FiAseidd 93 @4sHx
#4938 W9 R4 F(prosthetic groupye]l 58 LEEZ
g A3 AL & od $BS SBEA4 Ul 1A 5ol
A(substrate specificity)S Z+ WEHA A3 - 39 1
(oxidoreductase)o]th. HRPE ©] £ sl Hao @
= oy 26 BaHolH = Rodriguez-Lopez A+259
AEe H,0-HRPE] Zufj uhg AlojZo] g A& 13
HAYZS 43939 Palligarnai T. AFI1EANME
g ERFoR AYde W gaS Fidstei g HRPY
gtgEnd 3¢ ATE IPRSY A7) 2 (electroly-
sis)ell 9t AE e SATERY FH7E Qo] A7 stellA
29EdS AR 23 2¥o] FAHR F= A%
A 3Lz 55 Augg Bt AsiAl Fats
o7t AA SAHEE AA 3 AL Theol W w2

X b

ol ol F FEY EF FHUA A7IZLM(elec-
troenzymatic method)2 AW 02 AAH FHisdgi

(H02)9 93] Ao ngste a7 @4sEa g4sg
BAV HER 22 LHEFE AsATIAL AE 2y 4
HZ SAHBER V&9 e A hdA gPeR A
Hxojzl 23 LFGEZY T4 9 At &4 35 EA
e FEE 5 Jx 1248 $A4F Jeo

2 d7dME dze 234 AYE 98 HE A
Agsittn HiaEolx HRPE 233l A 2Kcoupling agent)
Q1 1-ethyl-3-(3-dimethylamino propyl) carbodiimide hydrochlo-
ride (EDC)9} 7}=838] A &4 (hydrolysis-resistant active
intermediate){] N-hydroxy succinimide(NHS)S A}&3}a] t}
F4 ¥4 @3(reticulated vitreous carbon, RVC) EH
IRZSAIA A7EgTd =]dskazt Rt ngsd
HRP 3] HAZ B4 8 FARE AgFR Q
A €& gd(phosphate buffer solution, PBS)2] &%, pH,
Y- da FUF 2 IFALE WSAA AEegr
Wil A== Fsled 55 2 old dd ARE
&8

st A 248 ZPoHoh £ FH s

& AA BAZANA HRP7E 288 RVC AFg ol &3
o HE9 & 54d #d A7E FIsAS-

2 MBS U W
21. HEME
LPER BAE AP A3 B ARE FHEAZRY

9] &A(HRP, type VI-A, EC 1.11.1.7, Sigma, USA)E A
A5l H&=(Sigma Aldrich Co.)& E3)38t%oh. HRP= pH
6.0~9.0 AtolofA 2 WAglel HAH HHZ EHE /A
A B pHE 288 A 49 2% & (pho-
sphate buffer solution, PBS)o] #7138 w-g7] W9 A3
Az AT FAEFEA(L0)Y FEE ZA]
A& 2,9-dimethyl-1,10-phenanthroline(DMP)} - CuS048] &
3 gdg olgilgen 54 IFFE AT FAE FE
J& Z+= RVC(Duocel ® ERG Materials and Aerospace
Corp., USA, 100 ppi(pores per linear inch), f-EHAFHE:
707 em’) ASFE ARt AV1SENETl =R
(Fig. 1).

22, ME 4y

221, 2AdArte| HRPE 0|88 HE&R/el 23

HRPY] A7]aLgoN9 A& 7HedE Hol7] 98 &
HRPZ o] Gkl slze] 2o} SHE ZASRTh 100 mM
A 4e] HRPE 100 mM PBSo| £aiAA 1 mM HEg
IR Y £dd @3 43 A7+ Fol UV/VIS spec-
trometer(Shimadzu Corp., Japan)& ©1&3}e] 270 nm W]
A FFEE 2389 HEd 558 289

2.2.2. HRPS| X3}

N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride(EDC), N-cyclohexyl-N'-(b-[N-methylmorpholino]
ethyl)carbodiimide p-toluenesulfonate(CMC)$¢} 22 carbodii-
midet: HEE 2 B¢ FFE YL 9AGE 7tn

Naflon
Mermbrane

YN
™ pc O
Power

+ weste ]

RVC(/HRP)/Ti

[catote | [ 0. @ |

Fig. 1. Scheme of the circular electrochemical reactor in continuous system(material of reactor; acrylic plate, inner diameter of
reactor; 3 cm, thickness of each compartment: 1.05 cm).
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Al(zero length crosslinker)@'"'? & 2-2)AA] 7+ 3}8H3

&

A% A% 7tuAR g2 A8EHT gltk EDCE o] faha
HRPS} o] :=7](-NHy)¢ RE = 2FL 943 st2847)
(-COOH) 3/d€ 918f AE 3 cm9 RVCE 6 N 94 £
oju} R F4H98%)} BAH65%)S) 3:1 EFLde] Wy
224 B 25T A7) Fo 8% B @RGP 4
d A2 E RVCE FFTE olgsla a3 Ad A7 24
80T 2844 3% = AZAZAY A4 Hzd® RVCE
4TC3klA 5 mM EDC®} 125 mM NHSE %33l pH
45, 50 mL &9 Y3 wheAA” P %9 HRP7}
¥ 100 mM PBS(pH 6.5) o] Wi 4Co)A 5=
& AA8 TPNA FAG whgo] gEd 7L A2
2742 100 mM PBS(pH 6.5) g0z 45 & uy
of AHgst T

RO

2.23. HRP2| &M =4

HRPY &4 FIS5aH0,) &4 stelA) HRP}
(2,2'-azino-bis(3-ethyl benzthiazoline-6-sulfonic acid)(ABTS)
9 ¥hg AE<l ABTS' BUzte 23sle] wadt 5 wi%
ABTS €9} 032 mL, 0.5 wi% H,0; €9 0.16 mL¥} 0.05 M
acetate buffer-0.1 M NaCl €9 242 mLE E£§3% & Fgy
3 3A4d HRP7F X8 AL 01 mLe FYsta] g
At F UV/VIS spectrometer(Shimatzu Corp., Japan)9]
"time-course mode, & ©]&3t9 420 nmolXH FFEE =
BTk Algte] B2 FZE e AsE 239 9, 27
12} A8 729 718718 Aste e Ao ggsigt

As
vXe d (1)

(AHRP) =

Awge = HRPY] 4(U/mL), As = 29 EF 9] 727
v=82 JF9 29, ¢ = B 5345(36.8x10° M/em),
d =384 wg

224, JMEEA(H0)2) RER| Al

ol 2B (Nafion 450, Aldrich, USA)e] 98] &g
2-compartment 3|#4 A3 FA(F: 150 em’)} AFu
ol g3t Fibshrde] A B AFL AN
BA U &Y AFH(working electrode)e RVC HZ
HS(counter electrode)o. 2= WZo] T39 EeHy
718 A (reference electrode) 2. 2= Ag/AgCl A=L A}
SR FAsei e A9 FetolA YAF A(poten-
tiostatic method)& FFeh Fo 24 FZF TN AAH
ol §3oz olgdd o 98 4as wy A
A Wl AAFHoz BPsHA Ak YRS AL T
o ojm) A At 7|2 L potentiostat/galvanostat
(PGSTA 30, Autolab, Netherland)o] ¢l& T2 - 7125
i, HiAseae] FE2E AP 48 DMP ¥E e o)
AT 1 wt% DMP £ 1 mL, 0.01 M CuSO, 1 mL,
PBS(pH 7.0) | mLE 2§37 AT | mLe Qe § =

s

f oox A oo i

oo ao = 2L alo

FFE 71 10 mLE %5 & UV/VIS spectrometerS 0]
&3t g 454 nmol X FBEE 25l =S 43
stk ®g &3P Tkl BX9) potentiostat/galva-
nostatdl] 7)1&H AstEFY & o83 ol o RYF
22 HAFEL(CEwo)S AMY

2FC, , V

CEy o, (%) = %x 100 %)

F = Faraday constant(96,485 Coulombs/mol), V = #sfza X
(L), Q = A3 Coulombs), Cmo, = FAH FAsli
FEM)

Ag/AgCl) 3 o] % A4 $913K10~50 mL/min) 59 &%
Zdste 1AZE Fof] TG Hisleie] 529 A
< Z3sAch

2.25. HRP7I 1™ 3E RVC M=0| TRIE M7|EI5HES 7|
E 0|88 Hz=9 234

Hez 23E 93l RVC dFely} HRP7F 23 skg RVC
ASo] =¢¥ 98 #8893V E Fig. 19 Yepli ok
FF(Anode)2 ElEHE ZHo| WFo] =3d AT Alg
stQ2m &=H(Cathode)2> RVC HZFo|u} HRP7} n33g
RVC A& AMEstEE 432 (anolyte compartment)ol) A
ARE HE &5 EWOE o)BAA Hdgdsis H4e
EF387] sl Faole s Hdio] L Nafion 450
(F& % W&: 7.07 em’, Aldrich, USA) FolLmstate A}
B39t ATHEE o8l FFAY AAY gEF AL
TEHAZAL F5g IFFL YE 2T &L dE A
FREAT 2429 Hastd DAAY A potentiostat/
galvanostato] &Js] 38 AY e TAZ do AHZF
A (Power supply, Agilent 6613 C, USA)E ol&slo] uhg
719) & EdolAM AQE FFH FA929 A AFH PBS
9 5= % pH 279 AHA & AMgsg) A9 BEE
UV/VIS spectrometer& ©]-&&ted 270 nm HYoA &3
g 2339 Adag.

. &nt % 1

31. 8% & HRPE 0|88t Hs=Re 2HEY

e HAsFL EA sfol HRPSE whgsio] 2h] L(phe-
noxy radical)g A5 AAHE FuyTo] ZANS I}
of 2@k 100 mM A4E B2 LAEH 7.0 o}
& 150 mLe| 1 mM HERFE 9% UL 1 mM s}
&9 HRPS) &0 %82 o) 8ald AT $23 3
Aesa EAE BHHY HRPZL 53 B8 3 v@93)
1313 DAl Ao HHE BANA Sulugo]

rir
o)
o
I,
N
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1266 =53 - 4735 - 4G AER - W

——&—— phenol

....... O 4-chlorophenol
——-9-—= 2 4-dichlorophenol
- penta-chiorophenol

Removal efficiency by HRP [%)]

0 4 50 &
Time [min]
Fig. 2. Removal efficiency of phenolic compounds by suspen-
sion of HRP and H;O,: 4.05 U/mL HRP, 1 mM phe-
nolic compound and 1 mM HO; at pH 7.0, 25C.

7168 51 pH 6.0~7.0 HAAA W2 2 g &
=S AYL 9o 27] 58 o] ZE wgo] gasel x
7] Mz B2 hal 95% ovg 23tk o] E3) HRP
t A=Rol s $5¢ 26 E4e AUz glon Al
gt el A ﬂwﬂ § AFoz EZAYT BS #
szl 9% 39 glo] wgrIUAA AL s 3
ASFAE o) &FY = 1 el e Ay 2gs 7l
Ng 5 9o} Av|asgele] F&rhsAol FAFYT

28 Aol 2ok
751 89 Pz FPd me
AR srole FAsFa AL
F9 EAME ¢ 3 HE B2 .
9 s olEg HHE FEsI 549 AolE-& T
A 8t & 4FEE SUAA & F ) WS B
71t EHE FAT 7 deH o2 AF 6L Fx
EAFE A 4 Utk RVC W] 845 233A]7]7)
Alde da U FH=EA7E BYste aad opnx
71% FE = Z2FE Tl stHoz ZF/AZITE N. Pena
AT ZFNME 6 N gikg o] &3to] RVC W tyro-
sinaseg AYSAA A7 HES A% AHE ZI8A
. = K. E. William AT7I2F)4 DNA Q14g 94
B4 Yk=FH(carbon nanotube)ol] PNA(peptide nucleic acid)
£ 277 98 A G A 3:1 RS
o] g% WP ALHE F 4A BFel g8 Mg
g4 B Ft2E4A7] Y 9FE g}lsy] {5 4,000~
400 cm” oAl KBr pelletS ©]-£3}9] FI/IR(Frourier
transform infrared, 460 plus, Jasco, Japan) spectrometerZ =
Asgt A2EBA7E 1,740~1,720 cm” EYo)A @A
5]—‘=T—ﬂ 6 N g4 8d4e= Hag RVCY Z<Fig. 3(a)
7H2 847 A4S #¥d 5% 3t 2AEA %A
A% G4t 2449 3:1 EFEALE A E RVC &
o)A &(Fig. 3(b) 1,730 cm )N 72847 Hast 4

rE r5 rl
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Byttt ol A3 Fa3 249 3:1 EFERY FE
93] FF2EA7|7F RVC #£98e] a8 o = JAHo 54
9 olmr|s}t A= AFE B3 HFF ez 1Ps € ¢
&8 Ho|i gtk Table 12 HRPY FoFo] wE RVC
9] HRP n33e 2 9 #9F ngstd &S veh
ity RVCE %93 W3 ulgo] 7] & & HRP 1L
AL Holm 9ot 1,000 UmL ©}4¢ HRPE %

suids nFde 9 99 #ug 2y gol 2A F
7}akA] @kgrt). o] HRP 1,000 Units& 25 g4ka 249
3:1 g9 g3 A2® RVCo] 2gst & o, &9
B3 9 470 Units, 35% BEY S4&E 138 F &
< Yehdth Fig. 491X HRPY FojFe] @& RVC 1L
A3ty HRPY &4 9 27] @4 g Jdid a4 84
S(relatively enzymatic activity)E 4F E<t RAMSt] WAL
34th 24 FoFo) Aol 7] 59 S RVC &
Wl 1338t9 %7] HRPY ¥(Table 18] Al WA L)l o
3 10~15% F= FAsAth ol @4 W2 A 84
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Fig. 3. FT-IR spectrum, solid line: RVC surface, dashed line:
RVC treated by (a) 6 N HCL, (b) 3:1 mixture of-
concentrated H>SO4(98%) and HNO3(65%).
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Table 1. Percentage and amount of HRP immobilized on trea-
ted RVC surface according to adding amount of

HRP
HRP

Amount of adding Percentage of uptake Amount of uptake
(U/mL) (%) (U/mL em® material)

581.17 8.38 52.71

RVC 1,045.45 35.40 469.11

1,366.88 34.20 483.99

Time [day]

E z

2 —&— RVC(581.17 LHRP) £

4 —8— RVC(1045.45 UHRP) °

b —A—  RVC(1366.88 U-HRP) 2

£ —-0— RVC(581.17TUHRP) | [ 07 §

5 4md —-O0—  RVC(1045.45 U-HRP) ©
—-A—  RVC (1366.88 U-HRP)

/

0

T T T T T 05
0 5 10 15 20 25

Time [day]
Fig. 4. Immobilized units of HRP(solid line) on the treated
RVC surface according to adding of (@): 581.17 U
HRP, (H): 104545 U HRP, (A): 1366.88 U HRP
and relative activity(dotted line) for initial activity
adding of (O): 581.17 U HRP, ([(J): 1045.45 U HRP,
(A): 1366.88 U HRP during 4 weeks.

9 7t25497)9t HRPY) ofm)iy] Alelo] gig Wel= 2
e YY) Reln k@ FHAE AR RVC Eol

1

A F#5E HRP/ £A%E dnath a8y 59 o),
%G8 B8AFo AAYL RVC EWT 2o Wec 2g
€ 4483 Y HRPH WA 1z §i A3 gud
F&5E HRPY e x7] 5Uo] Hls) gasA 5w 45
%9 #% 849 27] TH3Y HRP B40) thaf 085~
0.899) F& HolA Hlch

3.3. HRP 43L& 2|8t in situ HO, M

W7NEEAYE o] 88 RN BA L A sy oA
ASA A e ie] B FAPR B A F(prosthetic
group)S ASAA P ER-G Ealsts 7152 AU g
A71EE T E B A8 s Brsn BobgA
of dsf AEH BEe SHe AU Y= FARAE
S FAAA AA] A SEAEHS Y &
Atk FFsFarE A7)5eEEgr] W ¢F FHo Ex
S (water dissociation) @Ate] oJs) AW H'o] 20l
AP dE Z+= Nafion 450 ol 2339 (cation exchange
membrane)& 3] = EHe] YR FUH Ak A

dated W99k Fig. 59 Fig. 62 2 AT A5 o]

A RVC AFA 9] A H3siea B4 540 & 2
HE YeRa gtk 978 pH 2 AM(pH 7.0) BaRQ
AME AFLAY FEES 10~200 mMZ HIAA 7}
AA BRHE FAgrse v 2 AF 288 335
H 23k A(Fig. 5(a)), €73 AN B stoll M pH
gelste] Fistps B4 9 Jo] B2e AR
st THFig. 5(b)). BE ZAA A&Foz 34
AA DY s TAF 4 AREE
Ae | Fiskea TP HH A 5= L p
100 mM, pH 7098 & & 5 YATh FiolS
e 54 W e ARIEY o] 54& WIAA
AZAe ¥ oG 529 349 F2E WA
de ANE £ e Aot B TN AH&H HRP
9 B¢ FHgolV T4 27N HA #¥e YepeeP?
ALY S Hstrae) 2 pH 2804 £ WA(de-
naturation) §lo] 9& FAY Aoz diHolzch E3

7 A9 239 IF AUFig. 6(@NF FF F2H(Fig.

o H
6b)el &% Fasrad) A LAY Y AREEE 27

o py

o

o

N -
[ TR | )

Jn tlo ¢E orfo 8O o mo

ol

g

04 100
—_ &: )
= 03
£ g
o) -
< e k 60 8
% ] T s
& 021 I &
2 \f 2
g ' 0 5
c £
8 =
§ o1 ©
© - 20

00 . . 0

0 50 100 200
Concentration of PBS [mivi
@

04 100
— Feo
= 031
£ g
o) >
) teo 2
T b5
o 021 &
s %
I Lo €
g 3
3 3
g O
8 017  »

00 ; . : T . T ; 0

45 50 55 60 65 70 75 80 85
pH of Blectrolyte
(b)

Fig. 5. Amount of electrochemical in situ generation of H,O,
(solid line) and these current efficiency(dashed line)
on the RVC surface in electrochemical reactor accor-
ding to (a) concentration of PBS and (b) pH of PBS.
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Fig. 6. Amount of electrochemical in situ generation of H,O,
(solid line) and these current efficiency(dashed line)
on the RVC surface in electrochemical reactor accord-
ing to (a) applied voltage and (b) oxygen sparging rate.

F9ch FFAY -04 volt(vs. Ag/AgCl) 0] 4¢] Bl =
A 7kl wE Fsledo A dAFo] avkx] FA
Z7154A ¥ -0.4~-0.6 volts] HNA N =2 A
FEE€E 2otk =3 9% 4 FAHF 20 mL/min o4
ZAANME A9 93T =9 FtsFhvt A S H
Zgew 30 mL/mindlM 7H¢ GEFHHoR HAFE oLl
ATk ol 30 mL/min®] o7 Fa FYFo 93 AP
o] &35 ¥3E oy REHxHM e e AREE
Zat yetdE 820 & 5 ATk

34. HRP7} 1A E RVCE ET&ist M7|slsitE7(2] H|
= =8
Fig. 1o]A Hel A7|88e7)& o83t 47t 133
HA @2 RVC #AF3# HRP7F 28849 RVC AF3319) 1
mM H g g Azl S4& v BDE Table 29 A
Al 37 Ade] 7184 E 2] HE w20 oig A

E(Ca/Co)ol AadFT. ol A788Er] e Jd &
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Table 2. The ratio of residual concentration of phenol at 60
min to initial concentration of phenol in electroche-
mical reactor

’ Ceo / Co

Applied voltage(volt) RVC HRP/RVC
2.0 0.842 0.514
100 0.751 0.320
200 0.694 0.237
400 0.612 0.141

Co, Ceo: Residual concentration of phenol in electrochemical reactor
at initial time and 60 min

Fhol wHE We7) el A AREE Fsea Fol
Z7lehel HRPE FAIAALE sl Axe Bafol A
A AEHA) AEOT. £§ FIFAY 2l Bl
HRP7} 24318 RVC 332 o83 71388717 RVC
A3wre LS WYl He B EARse o
BhAgiTh B3] A71sehiter] Ul Haskea AN S
ol 7bg BE 40 V BF AY ZAINE RVC 230 of
89 A7I5ES 17} 388% BAEEL RolEt] W) HRP
7} 243 RVC 232 o183 A7 S7]E 85.9%9)
2AEEE RolT gtk ok A7F SeIA A H8E
Fatskio] o9 HRPY @4o] ¥obd szl Ealol
Wz g3t RVC A3 X183 4718871 3
e 254E YR Yok o2 HRPE 33} A7) o
A A3E =98 Frisgess A g &
2HEHE AL Qe AL & & Ak

4, 2 B

& oA HEFol da 95%9 RAaees &
EAEREHY EAE AT FF A% A 3:1
o] A ¢s) RVC FHo A48 st284719%
A g8 oz 1A A E RVC A=
1,000 U/mL ©]3e) HRPE FAFES o) FofZol 3l 35%,
RVC ©9] 239 470 U/mLe} HRP7} 1338 F L, 45
9 27] 4= sl 85% o] ddF &4 BHEE
el itk RVCZE =8 98 A7|stgrlodA &
2 243 A2 F e FAgFLE WETIAA BAA)T)
9% A B AL -04~-0.6 volt(vs. Ag/AgCl),
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