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A Renewable Amperometric Immunosensor for CRP Based on Magnetic
Nano Particles Modified Screen Printed Electrode *

HOU Jianguo ,CAO Yuting ,ZHOU Hankun ,MENG Linghua ,HU Futao ,GAN Ning"

(The State Key Laboratory Base of Novel Functional Materials and Preparation science, Faculty of Material Science and Chemical Fn,gineering,)
Ninbo University ,Ningbo Zhejiang 315211, China

Abstract; A renewable amperometric immunosensor for C reactive protein ( CRP) based on a novel magnetic nano
probes modified on screen printed electrode ( SPCE ) was fabricated. The probes was prepared by horseradish
peroxidase (HRP) labeled CRP antibody ( HRP-anti-CRP ) assembled on nano Fe; O, ( core)/Au ( shell ) ( GMPs)
particles. The immunosensor was prepared by following steps. Firstly, multi-walled carbon nanotubes ( MCNTSs ) -
Thionine ( Thi) -Nafion composite was prepared and dropped on the surface of SPCE to prepare the basic electrode
(SPCE/MCNTs-Thi-Nafion ). Secondly, the nanoprobes were introduced on the surface of the basic electrode by
permanent magnet,then to prepare the immunosensor ( SPCE/MCNTs-Thi-Nafion/HRP-anti-CRP/GMPs) . Through
one-step immunoassay format,the immunosensor was incubated with CRP solution. Under optimized conditions, the
decreased current was proportional to the CRP concentration from 0.1 to 110ng/mL with a detection limit of 0. 04
ng/ml at signal/mnoise ratio of 3, This method reduced the cost and simplified the preparation process of the immu-
nosensor. The immunosensor can simultaneously realize separation, enrichment and determination, with high
sensitivity and good stability , which would be valuable for clinical immunoassay for CRP in human serum.
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R b C 2 % 1 (CRP) A6 I %) 56 5 1) B
Wrswra s M BRI B CRP 32
ST Rpe 2 B b 5 1 AT O i Ak
G AR D A T B R
BAEEB AR L A BHRIEY  RE AT
SEEOTRIETENRE Y B T A, 0 TF & — L fE A
JE KSR S THET /9 CRP 37 P A6 I 7 vk 2 fie
PR HUBRE Fh 07 2 | I 52 B O B 30032 T 1) o e
Z— BN EK, sl L R A Pl = R
B85 S A, T PR i A I o 7 e )
2 ) R 2 B TR I G 8 A5 SR A, T 3 ok A
PTRR A S 77 A B LA 5, ik — 25 4 e 1 T
TRARFLRE TR I A 2 T I R AL IR A
Be= 1 55 A e B AR [ 5 T ik, S ECH:
Ty R 5 T HUAR TV BB, A RS, TC 36 e 3
PRSI T T ik bR UG A T TR
LLSEAREN TNTar R S D/ = IE R LN T ae R Y NN R 7
EIAE HL b R IS M AR ) e AT A A R
AR I G2 F A 45 1%

VTAESR  TEAK Fe, O, R IR Au A7
) Fe,0,(#%)/Au(5¢) (GMPs ) 4 BEORL, th T BA
KL B A A 2, g e R S b A2 B
S EAID AT YV I RACK /s o TN TR SR S
R WIS TR AEA R TR EL N
50 nm [ GMPs I AR C PR, T GMPs %
T K A7 AE ) Au-NPs, 7] DL i 35 32 38 PR AR ic %
JE e TEAMESTETT iR g
R 55 F S BUREI0 B0 11 53 B5 , SURT Jy (o R A [
FETE U T, Fh 0t ] 44 2 e A 3 T SR 1) 42 8
PEAGIRAS . CNTs T R A1 T e 5 R ) 2
PEREAE KA AE A 2 Bl 12 F Tk
TS MARL, A WA 2 5L 6 2 (Thi) G0
TP R AF i BT, B T HRP o] DL 4
Thi A1 H,0, 2 [a] 5 &4k J5 e it i, 6
HRP frichudRF1 Thi e [RIE G 2] Ak |, Thi AT 4E
SRS PUARRIC HRP B E) A9 f % b 1A, T
K EFET Thi-H,0,-HRP [ JC LA 1A 2 15 A 28 15 Jik
Rl EJE Thi A RER T F 2/, KE
PG 7 L 2 r R R T AR 25 5 P B
SHUL SRR E 2 ) CNTs 7T LY Thi @i o
—m HERVE ) 45 5 98 BiRE E #Y CNTs-Thi 2 54,
L E B R, T A RS 1k Thi 78 A AR 2 1 i
#5, ULAM, CNTs 80T DL Thi A9 H FAE I ROCR
SPCE J& R 22 WM ENI T. 22, e 45 2 3 /- (4n PVC %
b i K P e ) 1 DURR — 2 B B I A8 A 1T

B, FLA VR E  BLASR B S TR B/ AT b Ak
APt 2R

2 LR, FATTEE T Thi-H,0,-HRP {A % , %
GMPs f5 i AR 13 4201k ) 6 4 19 HT & ( HRP-anti-
CRP) il g Wi MEHRED , 5117 20 2% 7E MCNTs-Thi-Nafion
&4 SPCE 1 AL R L, il & T — oA |
WEPE RT3 0] P A 09 28 15 e PE AL IR ES . Nafion F/E
JEHA BbKE MCNTs-Thi [ 5% 76 BB 26 187, A4 AT ABH
1k MCNTs-Thi 76 AR i B3 e i HA5 15 40 59
BN T BERR H B A% SR AR L, e SPCE 8 S A A AT
DAEE &R, PO AT 4 [ 12, 46 i 1o 72 1 o, %
TE TR AR e v S E MM, i TR R S
BT FIBEFR IO 2 B, X PL bRl 3R RE J1 o K T
I IR CRP A, 3RA5 T AP 2 3,

1 SLIgE4HS

1.1 L= F

i 2E AR ITE & E (32 Sigma ARRAA),
Nafion (4345 :2000, wt% =5. 0% , H [E 3] 75 A FR A
")) 2-FIECHEE( HA TCI ARAFR) B2, K
BT (25% ) Fl H,0,(30% ) (i [ 25 4E F Ak 2A8
FIABR AT, 2 BER 91K 4 (MCNTs, ELAZ/NTF 5
nm , RINGPOKREEARBA FRAF]) ,0. 1 mol/L BERZE v
VTR R S R HRUfR 5 (PBS, A KHL PO, |, Na,HPO, Al
NaCl Bl ,pH 6.5) ,C J )i 8 1 s A I i) 6 (g
IRAPEIR ) AL — RN EIR 1) CRP AR E I A&
PR E ALY BEARICAY CRP B (Jb Bt RHR S
PIEARFBRA R, S50 5T R o4l S5 H
IKI R IR LB 7K (Millipore A F] L, 3EE]) |
1.2 {YEEFE

PEIMRZ D (CV) , 78 22 ko R % 5 (DPV) Al
AL 2A BB (EIS) #97F CHI-660B (1 [E | i = ¢
ANFD) B HEAT, 22 W ED R H A% (SPCE ) (P BE
eDAQ HEARA ] ), Horbr: TAE LA 5 X5 Ha Al 35 2 B
il FL A , 2 LU HLAR A ERR Ag/ AgCl HaL B , S—3400N
RIS BB ( HAS H LA F]) , H=7650 i85 5t
W ( HA H LA H] ) ,S2 RANGER X 14k
PEFEHETEAL (= Bruker 23 H]) .
1.3 MCNTs-Thi #1 MCNTs-Thi-Nafion £ &4180%5]%&

MCNTs $i B8 SCHk 38 B E7E 0. 5 mol/L 3
RS 4 h, SR )E P2 IR K Uik BB VE W 2 b i,
B0,50 C B2 T 24 h, MCNTs (1 mg) Fl Thi
(2 mg) #fARAE 1 mL pH 6.5 A9 PBS HB A 12 h, LU
JE i MCNTs-Thi Z &4, & F1 MCNTs %54 19 Thi 7]
B, PRS2 B MCNTs-Thi 2 5%, &5,
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1 E % R3L 5 T AAE 0BG R ASA C R R G B ia R %k 4 R 52 1373

H1 mg MCNTs-Thi YRAEAE A 100 wL 5% Nafion
F1900 WL 0.1 mol/L pH 6.5 i) PBS ¥ , 7E % 1R
FH7 30 min 45 MCNTs-Thi-Nafion A7 .
1.4 HRP-anti-CRP 1 BSA 7 GMPs REHIZAIETIE

ZRESCHR [ 23 ] B9 98 05 2, 1.5 mL GMPs
(0.5 mg/mL) 5 0.5 mL 5 mmol/L 2-& 3 L Hi BEiR
G HUSBERE 24 W, DTE W R B 4y 20T F ik
ZEVBK PRV, 7 LAE W, P R R A DTTE TP A
2 mL SRR H ORI WA =R N R RO 6
h, BEER AT B, vk, 95 LR UTVEY SN 1.0
mg/mL [} HRP-anti-CRP IR A, 7F 4 C [HIRFEIR
SR 12 h, 5 3] HRP-anti-CRP/GMPs 4= #) 44 K i
T, 4% %, HRP-anti-CRP/GMPs 1E ¥k 4 3% Y
BSA 137 CULHF W 1 h, LIEH GMPs FI 41 1%
PO A5, Bl 1R X CRP o 7= AR SRR S B 8
il £ i HRP-anti-CRP/GMPs 4K #8413 B7E 20 mL
pH 6.5 PBS 1,4 CHEAT, & H.,
1.5 REERENFE

H SPCE 2 MK IR FH I /K £ B FZ& 18 K wh i JL
W BT 4 ], B S WL bR R £ 9 MCNTs-Thi-
Nafion ¥ ik £ SPCE T /E il R 1fi, 2L AT F Bt
T VE R E A, FHECS pL #E A 0. 83 mg/mL
(R AR K R T A P VR E HL A 3R 1HT, 7F SPCE T
VAR T 3B — G 5 B 0. 3T WY IRIAE IR
Tk (CHL IR A SPCE 75 18 S0, il 1 (b)) (B #G

27| gy

(1):Work electrode, (2):Ag/AgCl reference electrode, (3):Carbon
counter electrode, (4):Insulator. (5):Electrode leader, (6):Jiont

() 22 ) EVR R 14 HL AR P T 45

- gy

» fi
MCNTs-Thi Nafion MCNTs Thi-Nafion

work electrode B
@aﬁﬁ

" HRP-anti-CRP/GMPYBSA
SPCE SPCEMCNTs Thi-Nafion

+ b { veo o

H
(b) Gy e i oA A T B
Bl 7%1BF

J1¥ HRP-anti-CRP/GMPs W [} T-Hi . 2 1f, = 1R F
SR AT B3 2 187 R A0 R 20 Ik AT T e e AR IR AR
(B, B E, B L, 2R K bk, v
2 HRP-anti-CRP/GMPs 44 K b4 81 DL B B B i, 1
fERIRTE 4 C FAGF&H .
1.6 HBHEFNE

ZPE ST M T e 45 5 i A BB AR il
fitt HRP 5 Thi Z [ By A& b T . 15k,
I 5 SPCE/MCNTs-Thi-Nafion/ HRP-anti-CRP/GMPs
SRR AE R 4 mmol/L H,0, i pH 6.5 [ PBS 1
IR (1)) 3SR ARIRE 15 L AR Y CRP
PRUEA RO AE LR S i R 11T 30 CIR A 15
min,, FRIAE 12 G 5 A% A8 7 & A M R MR B2 H,0,
(%) L3R PBS W IR IR (1) . CRP & it iy A il
S P R0 A2 SRt 2R T SR 88 g kA e X i AR AR R
PR FEL I I 0L IS R LR AT 1Y, X e IR
CRP HijJ5 By HL MR L T B AT=1)-1, R el
AR B 5 HUA T A 433 CR% =100 (1,-1)/1,,
XYW CRP 47 5E &, AT IH R AS W] FL AR 22 8]
T2 B[R] 3 A1) FEL 9 58 B 25 S5

2 #ZR5itE

2.1 ARMKKHFESYINEREEBRBHRIE
211 GESFE AR (TEM) R4 f - 0 il

(SEM) 7 #fr, Kl 2(a) ~ &l 2(c) 40518 MCNTs,
MCNTs-Thi FI MCNTs-Thi-Nafion/GMPs f#J TEM 2%
HEE, S5l MCNTs (8 2 (a)) 48 L, B 5 10

B - e 53400 100KV 11 mmxc0okse . 200
(c)MCNTs-Thi-Nafion/GMPs (d)SPCE/MCNTs-Thi-Nafion/GMPs
R IR HERER RIS

A2 &FEmeEEMLER
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MCNTs-Thi 5% (18 2(b) ) Bl HARE T, X KB
MCNTs A9 1 BRI 4S5 A T Thi™! ) B 2(c) M
MCNTs-Thi & W[ GMPs J& 59 TEM &, 7] %5 48 1,
WLEL B 5] 43 B GMPs ik, MCNTs-Thi-Nafion/
GMPs 1) SEM K ([ 2(d) ) HEL T B 2/ MCNTs 48
WR SR, H BT KR S o R 4P GMPs, iX 3R
B B 1 40 02k i 4E FH, oMPs & B T [ E T
MCNTs-Thi-Nafion &S ¥YIIE |

2.1.2 X LIS, R X P00
R AE HRP-anti-CRP/GMPs & &%, 7£ HRP-anti-
CRP/GMPs 4K 13 B B T Fe(ka-6.45
keV) ,Au(LA-9.7 keV) Fl S(ka-2.32 keV) )45
fiE 0

2.1.3 KRB Z B Y B A2 A BT, H b
=28 Ui BHATT R 58 F A R B MR O i — B A 05
2o B3 BN AS TR By B B LA 7E 5 mmol/L
Fe(CN) ** (fAiFR FeCN, % 0.5 mol/L KCI) 7AW
R A BT I, i A DX A 2 [ A R L A%
HRHBT(R,) , M X AR Fny #od #2 . K
2 WS T i Ha g r AR T i A N TR B B R BELAT 3, AT
DRI F H, 4 SPCE HL il A BHBTIE JL 7 22— 45
HE (K3 ML a), &M A P g il # L 24
FA % % 1T & 4fi MCNTs-Thi-Nafion LAJ5 , i i BH 3G 3%
A HHHEA 400 Q BN (E 3 #h4b) . it
F L I B GMPs 20 %€ 5] SPCE/MCNTs-Thi-Nafion
B R T, 445 SR s BB 2 100 Q (& 3 T £k
), IXJE RNy GMPs BA R AT Hy S ik, il A ke
f5 FeCN ML AL A [fE 1 B Rt — 20 [ e Bt
& HRP-anti-CRP, #1771 & & 7 W CRP Hi i, 45 5%
BRBAPTABE (& 3 Mk d FEhek e) X %0 .
P HL A 3 1T Y BT R s A W R R T X
FeCN HL P& BHBL ™

700 -
600 -
500
400 -
300 -
200 ,
100 -

Im(Z)/Q

4 | | | J
0 400 800 1200 1600
Re(Z)/Q
a. #iSPCE
b.SPCE[MCNTs-Thi-Nafion
¢.SPCEMCNTs-Thi-Nafion/GMPs
d.SPCE/MCNTs-Thi-Nafion/HRP-anti-CRP/GMPs
e S PEfL I ERTE80.0 ng - mL ' CRP IR
B3 Sikumsl &L £0.1 MPBS(pH6.5)+

0.1 M KCI+5.0 mM Fe(CN)*7* ¢4 s A P4 A

2.2 AEMEIGBERELETH

Kl 4 SR 1 Ay A 8t il 25 3 A PR [R] F A A
0.1 mol/L pH 6.5 Y PBS ¥ IUAEIAMR I ,
K4 Mgk a ATLIB HAEO0 ~-0.8 V IR,
PR AR AT HH B AT 3R R0 | T A R AR 2R 1T A8 i —
JZ MCNTs( &l 4 {4k b) fa sk 8 i A K, X & N
MCNTs 34K T HL A bR AR, 2 F A 5 PR 3 o
5 SPCE/MCNTs f& 1fii i #% #H kb, SPCE/MCNTs-Thi-
Nafion & LI TE -0. 3 V 72454 — X £ 5 By 1 ]
WAARIR SR I 28 (1] 4 #TZR o) , I SE AL IR SR g
Thi FFAEIE | 3 878 MCNTs-Thi 4% [& 45 4 IF: [
SEAEH W |, 7F SPCE/MCNTs-Thi-Nafion | 1% Fff
GMPs J& (14 th%k d) , 06 H 3t B 15 3k 02 XL Ry
GMPs FMEfL 22 1 40 K £ A7 (2 ff i A& i VR H
GMPs %54 HRP-anti-CRP 5 BSA 2 Ji W HL i T B,
S PR Ry AR =2 [ 118 PN BELJIN K, 122 45 SR 0 22 i BBt 285
W—E(E 4 ik e) .,

200

100
ESNY
-100
_ |
200 0 -0.2 -04 -0.6 -0.8
E/V(vs.Ag/AgCl)

a.#SPCE; b.SPCEMCNTs; ¢.SPCEMCNTs-Thi-Nafion;
d.SPCE|MCNTs-Thi-Nafion/GMPs; e.SPCE/MCNTs-Thi-
Nafion/HRP-anti-CRP/GMPs. $93#:100 mV/s

B4 REMGHEEAE pH 6.5 PBS &4 /5% 69
PE AR 2w . B
2.3 HEEESE H,0, KR
KI5 4k a 5 b 40 5 o S 45 8d A
H,0, fif5 IEFMRZ I, I S fythZk a w0, 78
Tt H,0, B}, AR R A — X AT 33039 Thi 2 fLid 5
W, ANA 4 mmol/L H,0, J&, 16 6L B 116 4801k 16

200
150 F b

< C

= L

2 100 .

5 s50r

@]
ok

Il Il Il Il Il I}

2070 202 —04 -06 -08 -1.0

E/V(vs.Ag/AgCl)
PR a: S fE RUAE PBS WP 5 2K b PBS I H, 0,
4 mmol/L; 4k ¢.7E b 520 ng/mL CRP B BEE R L2 i i [
A5 %EAEREMANHO, W58 IERKER
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1 E % R3L 5 T AAE 0BG R ASA C R R G B ia R %k 4 R 52 1375

L, 7 988 I 17 3 30 P 375 P 00 0, 3 D 0 v 67 [) i
7 NS S (B S B b) , R B 2
it Ak s o7 3k B, A L EEL I Y G 0 2 T HRP
AL H,0, %804k Thi 09 5207 1 B A% SR TH Thi (1948
SN BT W), B AR FE 20 ng/mL CRP ¥R
IR E G, BRI TR (LS IIIZR o) X2
T HLACR TP B S e 55 W) T HRP 1Y%
PR, 5 HRP L4k Thi (962 ) T B, I HL
T/

2.4 ZHREHHMRL

2.4.1 MCNTs-Thi & &% GMPs 7E H B 3 1 [
ER M 15 WL 1% 0.25 ~2.0 mg/mL MCNTs-
Thi /) Nafion T SCPE & [fil , 4 & H. 76 B AR 2 1 19
ARV EE . HLJ N B MCNTSs-Thi ¥ B2 M 0. 25
mg/mL %] 1.0 mg/mL ]2 #8024 & &
T 1.0 mg/mL I, 06 L 3 SO I/ )N, 3R] BE 2 A
JyBE# MCNTs-Thi ¥ B 883 T Nafion 1 F1 0% Fff &
J& , S TE LR R ;= A AR T DA BE R f AR T
1.0 mg/mL A MCNTs-Thi 7% Il 75 B A e 1H, %58
TR E GMPs FU¥REM 0.5 mg/mL ~ 1 mg/mL
0 [ PR U S e, 45 L kB, W H U S B
GMPs #& J3& (1% 55 i 34 i, 72 0. 83 mg/mL i ik |
A, T GMPs & TR E G S A BRI RAL,
LSBT TR, B, %4 0. 8 mg/mL GMPs
Y A dee AV

80

I/pA
=N
=
[}

40

30 /
20

o
10 15 20 25 30 35 40

T/C
(©

Al/uA

2.4.2 RIA] pH IR B TR R I ED6 S KN )
AR L S N s I = T N A = N T2
M), 568 PR B3 P P 5 2 e A 2 11 B oL 45 4 [
RE A B RS YE, Ak, Thi (AL S5 #5522
—AEF, Bk, pH (23520 Thi B9 HL AL 7 PERE
ZGLARPER AL AE pH 5.0 ~ pH 8.0 WIBERR L 22 b
WX 4 mmol/L H,0, BIMARN (E 6(a)), LKA
PR, G A AE pH 6.5 B i 7 H I B R, AR B2
P pH 6.5 B PBS, & 6(b) B/ T G ff &
#H7E 0.5 mmol/L ~ 5.0 mmol/L H,0, ¥ 5l
P K /N, H AT i b H R BE HL, 0, YR
AN TS K, 24385 4 mmol/L B, B IR i) o #4 F
AR BEE AT REVE W ) H,0, 3R] TR AT, K
S AT 4 mmol/L H,0,, E6(c) R T
T B TR X G AL TR A H B R N B R, MR R
TEEIN 10 °C 3] 40 °C Fh iy i, Ho 75 15 8 45 1 FL U
Wep o T R B AT WL BE Z 35 0, JFAE 35 CibF /K
5, M4EEEE T 40 CH, /] SEPUAEA
A IR 35 CAE MR T REIRE, Bl 6
(d) SR 1 I ] 5 g 1 I 4 9 HEL A0 o [0
Ml AT B C &, B AT 7, BE & IR & I [a) Y 1
T, BT A et 1) FEL A e 7 T o (L AT B 2 38 9
T — R A, B0 B G B T i - B AR B 2 38
iy , FEASFE M SE B 25 R A IE 0 R, 88 15 min AL
AR ER=N i

60 /. [ —
50 -
E 40 -
30 -
]
20 1 1 1 1 1 J
0 1 2 3 4 5 6
C(H,0,)/mmol/L
(b)
10
A
8 |
<
£l
<
4+
L
| | | |
2 4 8 12 16 20
t/min

(d)

B6 (a)Zafik pHAL;(b) KR P H,0, KE;(c)FAEAE 10 ng/mL CRP PR F /G B F BE;
(d)# R 3 £ 20 ng/mL CRP ¥R F G R F WA xR BT
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2.5 fGEEHKSEXT CRP B DPV Mg 7

TEDAR I E 2504, FI) Fl SPCE/MCNTSs-Thi-Nafion/HRP-anti-CRP/ GMPs %53 Hi % 76 A [7] ¢ & ) CRP
et , 1 DPV J5 ikl g | 3F3k1% 7 CRP WE R IE# L, B 7 (a) FiR, & B W H CRP 5 i 1y 3
T, G2 A i 1) 2 B e O, B AT . E e VR FE 1) CRP Y I P, HL U T B 43 b ( CR% ) T I Bl A8 | 3 AT e 2
HL AR 1T CRP (MR CL A, B 7(b) 8 CR% 5 CRP A9ARIEHIZE, 76 0. 1 ng/mL ~ 80 ng/mL W Btk &
TR R G R . AR B CR% =6.34C cppy +1. 02 1 CR% =0. 833C cpy +4. 27 LAEAE R ESY

2k 0.9983 F10. 9925, %7 1A AR AR T BRA 0. 04 ng/mL(30) .

12

10 -

s/mm

2 1
1.0 0.5 0 -0.5
(a)Potential/V

1 |
-1.0  -15

or L e
®
2 401
O
20
1 1 1 1 1 |
0 20 40 60 80 100 120

(b)[CRP)/ng/mL

B 7 (a)SPCE/MCNTs-Thi-Nafion/HRP-anti-CRP/GMPs $%.%% & #& xF R ] sk £ CRP ) DPV &
ok BB (M a % i %[ CRP]=0,0.1,0.5,3.5,5.0,10,50,80,110 ng/mL) ; (b) CRP ik

FE5455 AL (CR% ) Z 18 09 47/ v 4

2.6 SEMERSHOEIEMBZEY

KA 4 A Ta] — il £ B9 CRP B4, T 10
ng/mL (1) CRP ARifEF IR TIN AE | ARA5 20 (8] AH X
el 22 RSD 4 3.3% (n=4), [A]—Ht K EIH] 1
SPCEs Z5ffe e (AL HARp R | TaT R 2 J52 2 4
AHI]) T [ A A o o3 A 38— AR i e
PG R A Bl s A Ve, A E 4 °C
VKA 30 d, AR AR 7E 5 1 mmol/L H,0, ) pH
6.5 PBS ¥ VR H I s H 22 5 g W AN B SR ik Y
94% , X FRUNZAG AT HA BT 1 i AR 1k W)
-, ¢ B A& A FRL AR 1T DA 255 i B LR F 7 A Thi
BT A , B HL 2 1H GMPs/HRP-anti-CRP Y 4= )15
PEARFF R AT
2.7 HRETFHNUE

WFSE T I3 2] B TP % G e AR G
CRP W52, 25 03RRI . AL IRERTEWR B2 2 20 ZG
CRP L7035 4 AFP (400 ng/mL) . N2k H
(HIgG,1pg/mL) .CA19-9(20 ng/mL) . A% E FfE
PERRIZ (HCG,20 ng/mL) , LA} 2 wg/mL 4 BSA .
PRIR UIRILIR 22 ELME L -2 20 R 25 (01 T P iR
B BRI H,0, M AE SR 5% T
YIS TRR LA 4. 8% MY 2251, 36 W% AL I 2% 1 5
PR
2.8 GEARSBHNELE

FEA T AR M A0 K 585 AT 0k oh 38 1 2k
[t 5 I 76 I %2 J5 N SPCE |- 6 B, MU fifi SPCE/
MCNTs-Thi-Nafion 3 Ji¢ HL i) BT 5 5 fiff 1, AR SR

FHTA) —#R Nafion JIE A& i Bt A A Sy J5E 5 g B, 78 Sh
WA, A2 e REVE PR BE Tk, JE Xk I
10 ng/mL ) CRP #£ & A7 A7 00 & , M) 5 19 AH XF
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