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i, RBIRAFEZLF T (Spore-GOD). B R M AR EALINAREHET B E WL &+ B IR ARSI K B
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Display of glucose oxidase on Bacillus subtilis spore surface
and preparation for enzyme electrode
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Abstract:  Glucose biosensor is currently the most common electrochemical biosensor. Most glucose biosensors are prepared
by modifying glucose oxidase on the electrode surface. However, in the process of electrode immobilization, enzyme
purification is required, which increases the cost and has become a bottleneck in the field of development of immobilized
enzyme electrodes. In this study, glucose oxidase (GOD) was displayed on the surface of Bacillus subtilis using the spore
capsid protein CotX as an anchor protein. By Western blotting analysis, immunofluorescence analysis and enzyme activity
detection, GOD was effectively expressed on the surface of spores, and recombinant spores (Spore-GOD) were obtained by
fermentation. The graphene oxide/prussian blue deposition film modified glassy carbon electrode was prepared by the drop
coating method and the electrodeposition method. The surface of the modified electrode was fixed with Spore-GOD, and
finally covered with a layer of Nafion solution to make an electrochemical biosensor for sensitive determination of glucose.
The cyclic voltammogram of glucose on the enzyme electrode sensor showed a well-defined oxidation peak at 0.42 V, and the
redox peak current has a good linear relationship with the glucose concentration in the range of 0.1-7.0 mmol/L. The
calibration curve equation is: 1=1.305Cycose+3.639 (R?=0.992 9), and its detection limit is 7.5 pmol/L (S/N=3). This modified
electrode has good conductivity, stability and reproducibility, and can be used for the analysis and determination of glucose.

Keywords: Bacillus subtilis, surface display, glucose oxidase, graphene oxide, Prussian blue deposition, biosensor

%M -1-A 1L # (Glucose oxidase, GOD)
(B-D-Hi % Bl A AL L 5 il , EC 1.1.3.4) 2 —Fp i
OB 1, H1 2 S AATF] Y 80 kDa M ALl 2 4B R
RIS A% R (FAD) HHRGZLAL. 184 A &M
T, R LI T A H TR, KA A R
AR A E AL A . GOD F- %A 77 B bk iy B iy
BAEE, HTHLAMES, BoRBE RN
EPE, RS A A e, GOD fEfg i il it &
FPHEA RS, T A A1 AL R 7
falifl, X3 T AR, IFHC SO EE AR AR
TF KA, AN, H R B s Ak
JPEAE PRGNS | BRI A TR

UEJLAE, B A P R R B A &
Ji, SEILT A A R R i Ak 2 AR AT
TRESIIZE G o AR ERER I R R, Sl R R I R
g A, H i T A R B L AR L

&: 010-64807509

B, (A A RAS S, Xt AT PR T R i A
Wy A s ) (0 FHSE L 3l i A= P R TR B
PSR A R TERUE Y R, AH] T 52 Y
PFGEPER pH Tt SZ4EP0 AT R e, R
TERUEYI R H AT 22 MR & T, 7Y
ARE, WA Wi, MAYERERRER S
Mg R AL L W R AR RO 2 5 R —Fh b SR H . B
& 50 IR B 2E AT T Bacillus subtilis 5k PR 41 gl
Fe TAE, B. subtilis ZFf1 i LSS /R T 2Rk 5h
WAEA, JFRZRONZ 2 Rtk, TNRER, 78
VP2 U szl ekl B2y . KR
b kb P R0 B subtilis 2%
R IBR RN, PIZFARGCERRMEER, K
HMEE RS R TR ZF LT, A R 2R AR AR AR
PR EH B BT A R, i LA AR 1 1 R AN T
S AR, I H 2R BRI 25 B 26 AT
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AR T4 = AR R 11 TR 52 2 A BE Hh i 0 P AR
PEC S T A5 3 B T 2H 290 AT L B T AR A
Wi, G DR 2 AR . 2% IO i A AR S
Ak AT 549% (Graphene oxide, GO) & 47 S 47
ALY, FoR )2 B R i R R 0 P 2
A, S BB T 1 0 SRR SRR [ R
{48 A0 AT SR 03 AT BT A S AR P AL A e 1O
T LAy 11 8 A5 4 43 - S AR 3 T A8 01 15 1Ao7 B RN R
KR, fERAE GRS IERS TES
WK RVE AR, - (Prussian blue, PB) 7£
fRHLAE T A] LR A AL IR J5 Ho0,, B, SBEFR
NN T e, FEmHE ] GO Kok AN
PB HL 1A A ) i 2 W i A ) 1 I A, AR T
B A PG AR I R, X2 GOD fiifk
W= 1 19 o0, RESEF B PB ik J51920, SRy
M (Nafion) AEN il A3 75 285 90 b4 R 1)
WS A, PR RSB, T
Wy AT L3 2k P A% 5 Nafion P 340 30 f T 2 i £ 44
POV IE 7 AT, 3XAE LT AN SO 0 M R Y v
S, DR TS T VR G A i e
AR LIRS BRI B o 1E 0, M T A
g R GOD W E i, #MH GO Bk, PB LT
A R ST — i 7R A R A 2R AR AT IR
#%. i Western blotting. 035 2¢ Y673 M7 LL K fifg
TR 2 FBAEM] GOD W Ih 1 2548 %6 1 ' 7 It
BRIk, [T T Bl a5 03 T 2R e m
J&7 GOD 4 5L 1 0 46 W FEL Ak 2% AE W A% TR 1) 45
MR 2 | AL AR AN 7 3 L R PERE S B

1 MBE5FE

1.1 ##l
111 PHRRSERRL

pDG1730 JFiki (& amyE FE[A F T ¥ [R] EVE)
W B 1R IR AR AE R A IR v\ . pET28a-god it
PSLIERAT . JZ MR FFE Escherichia
coli DH5a W4 H 1 5% i MEBE LE IR A FR 23 ] o
B. subtilis WB800N “Jy 525 & AR A7 B Ak , A cotX 3

http://journals.im.ac.cn/cjbcn

PRI IR R PR, 2 MRS R Rk TE 1
112 RFESEREH

SanPrep #E= DNA Ji [B1i 75 & . DNA 4fift,
IR G AT DR 2 3 R . Bk R i
WA ST TAY TR (Bg) RBARA
Al o PR PEZ R N YIRS BamH [ A1 Hind T |
2xPhanta Max Master Mix 2§ T ELif I [ FE 20«
Al oI A & . IR F & Marker
(DL5000) . & 143 71+ Marker I [ Fg 508 MERE 2L
PR A RA R . BSA. INEIME . BCA &I
FEWE G & . FITC-EH0R 190G, HUARRE RIC I
Fhie 196 WAM LEAY THRARAA.
Anti-GODZ antibody % [ 7 5] Abcam 23 ] .5 wt%
Nafion I H Sigma-Aldrich 23 &) . E AL A1 5845 (GO)
W H e 5t 75 AR PR W) D-(+)- 7 49 B W
T 25 R A AL 2= 1R A FRZA W] . 0.1 mol/L PBS
(pH 7.0) L= H il

LB (Luria-Bertani medium) 1iF=FE(WIV): 1%
NaCl. 0.5%M¢Ek=Fy . 1%HEHR; LB [EARKE TR
SEAE AR B FRIE PN 1.5%—2%35lg 3 BT 5 LB
VERY HEFRALAE LB B SR 3 vh i 1%3E 4 BT,
TG I o Tl O

DSM (Difico sporulation medium): 0.8% (W/V)
BN, 0.1% KCI, 0.025% MgSO47H,0,
1 mmol/L Ca(NOs3), 0.01 mmol/L MnCl,, 0.01 mmol/L
FeSO,.

T LR TR IO vk . R ER IR K I
il 2.5 mmol/L Ks[Fe(CN)s]/& , iCh A W ;
2.5 mmol/L FeCl;, 0.1 mol/L KCI, 0.2 mol/L HCI
W, iC N B AR 0.1 mol/L EDTA-Nay, 5,
ek C . AN 45 mL B A . 45 mL 1Y
B A 1 mL i CIIES -
1.1.3 FEUSH

DNA ¥ 144 (3¢[E ABI); 7KF-Hiyk Al | &
TR UKAL [JbmiN—AXER ) WX EERE (bt
FE); B GO 2 AR R A PR
H); EEAEE.ONL (Eppendorf); Az ¥ L vk
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Gt &2 Ge (AU FE R QDL RHE A BR A ) 5
WOt RE M (FEE Leica) 5. Hib2EmE
B2 AE CHIT60D HL Ak~ a3 A (Fh IR 1 i Je AR A
fraE]) e, BT R &
ZRELOHL (Eppendorf); L7041 K-F-; KQ3200DE
TRRICHE o P TR RS -

1.2 F%

1.2.1 EHFR KR

15 S M 514 cotX-BamH 1 -F Fil cotX-R M
B. subtilis WB800n & #4 &K 241 DNA Hr 4™ 3 v
FHRATEEAIEN cotX; MAFFFIES Y god-F
Al god-Hind M-R, Lk pET28a-god ik A4 AR
W H PSR god (P83 1), K155 PCR -
Wi o 2 i BEOGS% s R % A2 BamH T Al
Hind I AU 1 pDG1730 ks b, 153 40 Fks
pDG730-cotX-god , i 1 fb 27 % {1 5% A B. subtilis
WB800n &3z A 4f il , ) HE A B. subtilis
WBB800n-cotX-god.

1.2.2 EHFHRHH &

) FH YL % 76 DSM  (Difico sporulation
medium) ¥53R3E FiESEAR A M, BEH
&S 5 mL LB (StbME R, TAEWEN
100 pg/mL) WikREFREE h, 37 CHRREFE, &
JEEEHME R (CAEWE 100 pg/mL)
50 mL DSM 3 A 1% (VIV) BB, 37 C.
200 r/min FEIREEFE 96 h. KE IG5 R T 0 FE K
8 000 r/min B5.0> 20 min, Bk EiE, AEEE
TACKHTTREDES 2 0, fais s Ea i,

x1 AMRHBEAABGIMFT
Table 1 Primers used in this study

Primer name Primer sequence (5'-3')
AAAACTGGTCTGATCGGATCCCC

AATCATAAAAAATAGGGTTCTTCA
GTCTGCATGAGGACAAGAGTGAT

cotX-BamH [ -F

. AACTAGGATGG

.- ACTCTTGTCCTCATGCAGACGCTT
CTGGTTAGCT

qod-Hind .k CTGCAGGAATTCGATAAGCTTTTA
ATGGTGGTGATGATGGTGC

&: 010-64807509

1.2.3 EHZER Western blotting 23 H7

JRICE 4 # B. subtilis WB800n-cotX-god %
fFEmEEM, KA SDS-PAGE 43 & 1 i ke
a3 A3 BT A P T Tk M b e A F
PVDF i I, FRREMWE R T3 1h, L
HMwEEE, BEE T —$ (Anti-GODZ
antibody) H1, 4 CAMTHER 12 h, F—PrEk,
JH TBST BB 3 ¥k, B— KAk UE A 5 min,
FEXT ) — B B S i, TR TS 1h,
[ AE [ —Ht, I TBST Belk 3 ¥k, 4k 10 min,
P2 S 6 ORI A4
1.2.4 EAFRGEIEIH

A5 1 T2 ZE 40 i AGE R —$T (Anti-GODZ
antibody), BFvK L 2 h, YIRS A S MR e
DR ERERE i, AR HA AR PBS & 4B
FITC #Ric A% 19G (ThT), BETvk L 2h, S
S, FEHPUARLS &S MR E O, FE R
R IRTERIE I, % b A, fEEREDE
FR B O R, PO B>
1.2.5 ZFRREEBER GOD KB /H7[26]

— AN S84 Hg . 30 °C . pH 6.0 FURERR L
MR RT, BB AL 1 umol/L AT HEE L R
R AR TR I TR 1) o

L 20 g/L B8 45 W Wl R 2% P 25 mL T4
TR, 76 30 CHEIR/KE AL 3 min, fIIAKE
i, VRAJE ST BB SR, HERR S 60 min S5 37
B A 0.1 mol/L Y NaOH ¥ 20 mL, JE&5JZ 1k
KR, A 1 BBk, F 0.1 mol/L Y HCI bRifElR
WEATIRE , ESRIEFE HCL IIRFR V.,

2R RDKACE I, Hp P BRAER
THFE HCI AREAR AR TR Voo

114 . GOD(U/g)=(Vo—V)xCxNx1 000/(60xm).

K, C A HCH A v 1 Y80 A v Aff IS IO e S
N i B B0 1 000 i 2%k 60 N
TN FTE], BA07 g ming m AR KT,

1.2.6  Nafion/Spore-GOD/PB/GO/GCE 1& #ffi B #%
il 2%
W A B B R R AT PR T, 1l FAR T

B<: cjb@im.ac.cn
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YEmW IR 5 pb b S e, Hid fE
GO/GCE., HiTJ5iZ A PB LA W b kAT
PB ULAL, DIB A IEAR &k, IR A
[E—0.2-0.6 V, T4 50 mV/s, F4iEI%L 50 &,
DL F K TR Uk TAE AR R, BT )5 m L
VETHH 4 5 uL % Spore-GOD Bk, & T 4 Cik
FEBRT, ST S pl i 0.5 wt% Nafion %k ,
s, BB ic/E Nafion/Spore-GOD/PB/GO/
GCE, VeI kM E 1 s,

(O—0—0—

PB layer

Pt electrode GO layer

N
~/

N\
ON LN

1 mRnsEdRRERRERER

HZOZ
\ Spore-
H,0 /
(0]

2 HERSAM

21 HHEMEFMIEAR PCREIE

H F 2 JFki pDG1730-cotX-god 4% A B. subtilis
WB800N /&7 A 4 i , #5351 7] LA A GOD A%k
fb¥. PCR BuilFRBAY 3415 2] 2 500 bp =47 H
R B (B 2), SHSEAMFE. K FAR B.
subtilis WB800n ¥4 i BLAH N 1 457, UlAHE

JkLE 2 A

——)

Spore-GOD

Glucose

\ Gluconate

GOD

2

Fig. 1 Schematic diagram of electrode fabrication process and catalytic reaction mechanismt?".

bp 1 2 3 4 5 6 7

5000
3000
2000
1500
1 000

750
500

250

100

2 E4H®H B. subtilis WB800n-cotX-god A PCR &3
Fig. 2 PCR validation of recombinant B. subtilis
WB800n-cotX-god. 1: 5 000 bp DNA marker; 2-6:
B. subtilis WB800n-cotX-god ;7: B. subtilis WB800n.
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2.2 FHERMERET GOD B Western blotting 434
{25 B. subtilis WB800Nn-cotX-god ZfH#I4<5¢
MEMJG, Western blotting 20 #1455 LK 3, &
A3 EIAY 82 kDa A AR SRS R EL 2
61 R 1T T s T o A W A L G
23 FAFRMRET GOD B IF 24
HUBHMERE 4L 7 B. subtilis WB800n-cotX-god
fIZEf LK B. subtilis WB800N Y 25 f k4T 1 IF
Grdr, BOAA thRTLIE R, XTREEE B. subtilis
WBB800N 1) 2f fll 75 28 S S 1 3 kT B A Hh B¢
¢, T 4B B. subtilis WB800n-cotX-god %
612 TH AT LUFE BILL A58, RUISMEE N GOD
C & /R T 2R LR I .
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kDa M 1 2
180 —

135 —

100
82 kDa

75 —

63 —

&3 ZEHE B. subtilis WB800n-cotX-god B ZF 1 R @
& & B Western blotting 4 #r &

Fig. 3 Western blotting analysis of spore surface fusion
enzyme of recombinant B. subtilis WB800n-cotX-god.

A

10 pm

10 pm 10 pm

4 HERIHHHE (A: B. subtilis WB800N % i& 7%
K4 #7; B: B. subtilis WB800Nn-cotX-god %% 5 S 4>
)

Fig. 4 Immunofluorescence analysis of B. subtilis
WB800n (A) and B. subtilis WB800n-cotX-god (B).

2.4 Nafion/Spore-GOD/PB/GO/GCE & &
WA R AE

SEM # Fl T#4E GO, GO/PB Al Spore-GOD/
GO/PB S5 M EHWTE A4 UG Ol - ¥l 5A H GO %
T HARE 4, 3X A H AR IR SO0 R GO HAT s iy
R TN 2 SIS B < I I R A7/ e AL
% 5B A 2t e GO/PB & & MR i Y SEM,
B AT AR 3 PB 4K 0k B B 43 HU7E GO i,
H. GO 2 I 18 48 {6l 27 460 T F2 e A- /e AR 3R 1

&: 010-64807509

1 pm EHT=5.00 kV
I WD=6.8 mm

Date: 16 Dec 2019

Time: 14:25:33

Signal A=InLens
Mag=4.02 KX

2 um EHT=500kV Signal A=SE2  Date: 16 Dec 2019 [
—_— WD=95mm Mag=200KX Time: 14:14:35

5 HBiRk SEM RIEE (A: GO; B: Spore-GOD/PB/
GO)

Fig. 5 SEM characterizations of GO (A) and Spore-
GOD/PB/GO (B).

25 1BIFHEIRBELERIE

PEIMR 23 (CV) #FH LLEAE Nafion/Spore-
GOD/PB/GO/GCE Hi M) A& it 7%, #8% ik K |
GO/GCE Hi#z#1 Nafion/Spore-GOD/PB/GO/GCE
i A #R 27 0.20 mol/L ) KNOs % ¥ Hid s
107° mol/L KsFe(CN)e i M FYTEFRMR e 2k . ]
6A I/, F GO THTEAR B A M 1T J= , g rEL T
HRrHE, XEKN N GO A FHAES, wIfitik
L1438 . (BB 1fiHa % Nafion/Spore-GOD/PB/GO/
GCE Mg %% GO/GCE WK T, X2hmT
Spore-GOD AL, BH1E T HL 7 ) L R 2% 1fT 119
ik .

ZWBHPTE (EIS) & FRAFE i Ho Al () 7
hZz—, WK 6B Frun, Kk igf B K/ N g

. cjb@im.ac.cn
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Ay COIGCE SIS T MR (1E 20-70 CYERIM)
12} — . y -
1o = R Shore-GOD/PBIGO/GCE XL AR, 45K 8 iR, R
ggg 20-40 CYSENEY, BEE RN T &, B
2 04l HL VIR (Bt 251 5 RBETE 40 CI, HLIR (3%
s ool Bk AT 40 CRE, HIMMLIFES FIE. B
S :85 [ R 2 R B v A IR S ol il 2 2 A T R i) S 5
-0.6 B TRE A P R S B AR R A M, BT LR R
-0.8 + s o \ S
10 A i 25 CHE R IR B2
07 06 05 04 03 02 01 0 -0.1-02-03
5 Potential (V) 2.7 fEEEBIMREAR
140 ¢ .. GO/GCE T i#E— 46 Nafion/Spore-GOD/PB/GO/
-"B GCE
120 | Xiffon/Spore-GOD/PBIGO/GCE GCE 141 i TAERERE , SRR R 22 1L 5
g C TR AR R LR
=] . A
No60} Sl
I AN 2.0 ¢
40 | ™ ;' R 1.9}
20 | .r'fe‘”"-’w _ 18}
0 S 17t
0 20 40 60 80 100 120 140 160 180 200 ._‘-" 1.6+
7' (ohm) TE' 15E .
§ 141 \.
E6 AEMEIHEERA CVEFMEISE (A: RE1EME S 13} —
BALE CV E; B: FEIEWEIRA EIS &) L2r
Fig. 6 CVs (A) and EIS (B) of different modified My
electrodes. WS35 "% 7 8 9 1011

pH
THRABEST AN, Hdh GOIGCE &4 i ik fry 2F
BFN, FHCRAR, PR GO Al LUE 57/2§Tfﬁ?mﬂfm%mt
ﬁ%%f?%, ﬁlﬁ%*&ﬁ/\]m?ﬁd\ﬂ:ﬁﬁﬁﬁlﬂﬁﬁ, 19. €eCt OoT solution pH on current response.
T & HL % Nafion/Spore-GOD/PB/GO/GCE 1 H.

B, SRR AL T 14 200
ih EIS #3456 5 OV —5. Sl
2.6 pH FiR A X5 RS B B0 =
S 2 )1 T O 0 TR 22 T A §L“
YRR pH (B AR ¥ . %5 %X Nafion/Spore-GOD/PB/ 1.6
GO/GCE 1% 8 %s1F pH 2.5-10 3t [l % 1 mmol/L B | | | | *
MRS W A HL A e N, 2 SR AL 7 BTN o AE pH 20 30 40 50 60 70
INTF TSGR, B pH R T A Femperature (°C)

’E pH R 7 B , V= = : pH 7.0 B, s ’

f‘i BT WRBLLER: PHRTTOM, gy oma s mmmnyn
IIIRL I TR S B LA BSR4 pH 7.0 Y Fig. 8 Effect of solution temperature on current
PBS 11 Ay £k il 75 14 response.
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& 9 FiF s, Nafion/Spore-GOD/PB/GO/GCE
FEL A X ] 4 W T e 1 R A, R R U PR B A TS
Yy B2 i S8 2 g Ok, 7E 0.1-7.0 mmol/L 1Y
WA P B RN R R, MHERECH
0.992 9. fEME Ny 3 1 (SIN=3), 4 3 o FLIF
BT A BRI T R 7.5 umol/L, R AEUE
41,55 pA-L/(mmol-cm?). DRI, AARAY S 5 1
BEACEE (25 MR I 9 1E Y A 3.89-6.11 mmol/L)
FERGRAR M2 M BRI, AT aE A AR Il 9 A
ZPWE ) AR o %A WA IR PR R OL T LAt S
R A% T 1) P T 3 ARG (1) £5 J%A . Zhang 45128
D MnO, YK EAE B R A, FK GOD
R T H 3 T o 75 4 2 A A A% IR, RV A
0.2-3.8 mmol/L, #iiiBR% 25.56 pmol/L, R
Ji£ 4 38.2 pA-L/(mmol-cm?) ; Zhao ?M7E B e 16 i
H Bk HL AR (PANI/GCE) 4T T GOD fY[#2%,
A5 B A% A e PETE A 0.5-2.25 mmol/L; Wang
2 OVl 22 (4 FH T AR TN 9 ZnO 4 K L 2
WAL R A AR M BR & 20 pmol/L, R E A
15.33 pA-L/(mmol-cm?).,

2.8 fEREHMITIME. EWHEARE N

S FEERETHINME (AA) MIRER
(UA) 2oL 4% Nafion/Spore-GOD/PB/
GO/GCE A T4, ZERFGINAY 1.0 mmol/L %5
AW B AN 1.0 mmol/L HTIR AR, 1.0 mmol/L

1.6 2,3 y=1.304 7x+3.639

: -‘21 7 }8 R=0.9929 -
< 105 e
< 08[58 L
= 0615 2
2 0410 2 4 6
2 02t Concentration (m
=0 —
“ 02t

—0.4

—0.6

-0.8

~03-02-0.1 0 0.1 02 03 04 05 06 0.7
Potential (V)

9 RSB AEIREGEREB R ELIRLEE
Fig. 9 Catalytic response of the sensor to glucose
solutions with different concentrations.
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PRIR , 7175 W% 0% R I3 e o 8 A B B i A8 k. 1P
AL AR BT TR T R AT

Nafion/Spore-GOD/PB/GO/GCE 1% &%+ i
SEVEFNE & 38 3 Nafion/Spore-GOD/PB/GO/
GCE & T 0.1 mmol/L 7 % Wi %5 vk h it A TG R &
14 50 [l , FLAECSEARIEHLR , B EAGIRER A E
P, A5 20 A R w) F S N T2y 5%, BLEAfL
S AR R et mE . AR
B4y 5145 T 5 H2 Nafion/Spore-GOD/PB/GO/GCE
e gas, 5E Rl —M0 0.1 mmol/L #iZ5 AR, H
TAE B AR MER 2 (Relative standard deviation,
RSD) by 4.2%, XKPME R & Ik R A K
UF A EEIRPE . AN B AR R A AE 4 CUKAS
W, %A K E 0.1 mmol/L 3 25 WA ik
16 1-10 d PIHL SR BE OREFTAR, oA th B KR
WeshiEHL, 10 d J5 gL IR BR A T R R, X3k
B i ol 25 B B A AE 10 d P B — @ I REE Pk .
29 fREFEEXMRHERPHIEZA

ARG BEARAE L bR P AT,
2 A A T SE B I3 b ) R B I . A 3
A AL IR TR DS BT, 4 R A D A B, A
I BPE AL 0.1 mol/L PBS (pH 7.0)id 247
Fe, BEASFES R 3 . AR 2 AT, (L)%
A ARG X 3 BH R A AR B S B i
7T BEE

*2 ZhEHERPATHED SN
Table 2 Determination of glucose content in actual
samples

Sample Glucose conc (mmol/L)? RSD Recovery
Detected Added Found
1 5.93+0.12 1.00 6.94+x0.11 4.2% 104%
2 5.51+0.11 1.00 6.52+0.11 3.8% 102%
3 4.34+0.07 1.00 5.28+0.08 4.1%  98%
4 5.26£0.09 1.00 6.21+0.10 3.6%  101%
5 4.68+0.08 1.00 5.59+0.09 3.4%  99%

All values were obtained as the average of three repetitive
measurements plus-minus standard deviation.
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FIFHEHZFEALL K GO FokHA PB T4
AR 570 %) B 50 8 460 B H Ak 2 2k ) A IR T BB A
K, BRSO R 2R
[fi 7~ GOD, ZEAA R Bt nf 45 %0 H2 i AR
HEH GOD fasEtE, M 064 Ha B 1) 1
FHREEE A7, FEH AR L #E R 5] A Nafion ¥
VR AT DL S0 R 3o A v il 1 98 U ) B, 5 A R
ek EMERE; GO-PB iy PB Al LA
Spore-GOD JE S EIA R , {5550k, M
T T A WAL IS B R AU 5 R A i AR
A, HAMRE A AHREE, v LA SO (R il
) AR) TR R 1

WS S5 R, RAaikmEEmE
SRR, O AR P AR 5 I A R R Y
WA o 25 A A T Tl A 7 R R 2 A
I e B — A0 I A, EUR R TR RIS P
OV R FL PR | L W B F A 3 1T 25 5 AR TR A
T YA IR R, SRR ] T R A A A I R AR 1 F
— R . A SR R 2 R TR 2 96 3% 1 R
RN GOD /RFIZFM AT, 1l EHELMEK
BUR R EALZE7, ke T ANt ks | i i vs Y &
fiff 1) 2 Ak AR [R) A8, HLAT — i A (B K
GO/PB & £ I A5 i 3t fe Fia AW il B Pl A2 1% e
TR AR A R A E . A F AR AT RS
HUPERE . L PERE . RUE M ESM:, TES T
G A AR It B
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