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2 ¢  Cytosined} o 3} bio-electrode &= NH; 7| A 74 -8-7| o} Proteus mirabilis $} Citrobacter fr-
eundii e 2] o} & A8l =z s}, Cytosine deaminase & X §3}: wig ] ol cytosine 18-
A& NH; 1832 ARA7th, Proteus mirabilis e 2o} A 39 7282 (0.2M phosphate 434
4, pH 8.4 4 1.0x107°—7.0x107*M F A ¥ 9} 45-48mV/decade & 7371 &7 & 712},

Citrobacter freundii v}¥)| €] o} A =-9] 7+8-2 (.05M phosphate 9389, pH7.60]4 7.0x107°5—
7.010M A4 9% 48mV/decade o) 2871871 % AN, of ATE pH, L=, B354, %
Mo @, WA EA, $A9RS J¥H A3 +98 A

ABSTRACT. The bio-electrode for cytosine has been constructed by immobilizing Proteus
mirabilis and Citrobacter freundii on an ammonia gas-sensor. Bacteria containing cytosine deam-
The Proteus mirabilis
bacterial electrode showed linear response to cytosine concentration in the 1.0X1073—5.0%x10"2M
with a slope of 45-48mV/decade in 0.2M phosphate buffer solution at pH8.4. The Citrobacter
Sreundii bacterial electrode showed linear response to cytosine concentration in the 7.0X10™°—7.0
X1073M with a slope of 48 mV/decade in 0.05M phosphate buffer solution at pH7.6. These elect-
rode were investigated for the effects of pH, temperature, buffer solutions, amounts of bacteria,
interferences, inorganic salts and lifetime.

inase convert one molecule of cytosine into one molecule of ammonia.
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Fig. 1. Schematic diagram of the bacterial electrode
for cytosine: a. Inner body; b. Reference element;
c. Outer body; d. Internal filling solution; e. Gas-
permeable membrane; f. Bacterial layer; g. Dialysis
membrane.
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Fig. 2. Response curves for cytosine. (&) Proteus
mirabilis bacterial electrode: (b) Citrobacter freundii
bacterial electrode:
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Table 1.

The effects of temperature on the bacterial electrodes for cytosine

Proteus mirabilis

Citrobacter freundii®

Temperature
°C) linear response response Jinear response response
range(M/L) (mV/decade) time(mins) range(M/L) (mV /decade) time (mins)
3.0x10°% 3.0x10™¢
25 > X 10-2 40 20—25 > 5e10-3 38 12—15
3.0x1073 1.0x10™
28 2 o510-2 42 18—20 S o 10-3 41 10—12
1.0x1073 7.0X10°5
30 5% 10-2 45 15—18 f o103 48 10—12
1.0x1073 3.0x10°¢
32 Z3.0x10-2 43 15—18 —~1.0X10"2 45 9—11
1.0x1073 3.0x10°*
35 = Y X102 42 12—15 > e 10-2 43 9—10

@ Tested in pH 8.4, 0.2M phosphate buffer solution. ?Tested in pH 7.6, 0.05M phosphate buffer

solution.

A,

Citrobacter freundii v}te)e]lo} A9 ALE
0.05M phosphate 4% 4-HoflA] pHE 7.6 02
AN 2 258 4FE AHE A5, 25°C
dAE AW 3.0X1074—-5.0x107M el A
74271471 = 38mV/decade 2 YElsto =, 7t
& AZkE 12~15 F°] 8 FEH A, 28°Coll A=
1.0X107%—7.0X10"M W o] 4] 41mV/decade 9
871 871E 2o FA 30°Col A= 7.0%
1075—7.0X107M ol 4] 48mV/decade & 7}-&
171 Hehlifl=m, ZA§ARE 10~12F o
At 32°C 9} 35°Coll A = 3.0X107*—1.0% 107
Mulel A 45, 43mV/decade 2 }El Q). o]
w9 Z&A 7 9~11, 9~10F °lgich =e}
A Citrobacter freundii =29 73 $% Proteus
mirabilis ] =& ©| &8 W& o] 30°Cd F
$+5 JAxz A3z, BE AWE 445K
T},

s ol HE

Cytosine & A a7l A% & whelelo 43
9 %F 8o FE JY& Table20] veERR
o},

Proteus mirabilis ¥te gl o} A& pH 2
=% 7.6, 30°C2 A A7), phosphate &}
Tris-HCl ¢+ 84 & w34 z2¢E 3%
A7, 0.2M phosphate d A$E= FAY9Y 1.0
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X1073—5.0X10"°M W o A} 45mV/decade o] 7
71715 Rl 2, 15~18 B9 78 A 7he]
27549, 0.1M phosphate 8] 7 9= 1.0x
107°—3.0X10 2 M el Al AW E BAFZ
3, 41mV/decade 8] 7}27]&~], 0.05M phos-
phate 8] 7$%E 3.0X107*—1.0X1073M o A
38mV/decade & 7127 &7z 0.2Md «f¥ch
o dejA g vepige @4, 0.1IM Tr-
is-HC1 8] A9+ 3.0X107*—1.0X1073M W o]l 4]
28mV/decade o] 7-87]g7] % 22~25 -9 7§
A 7ko] 275> phosphate ¥} Azd AFAE
B F3A

Citrobacter freundii & 3%, pH 7.6, 30°C
2 2AAI 2 0.05M, 0.1M, 0.2M phosphate
9} 0.1M Tris-HCl 4358948 &3 A, 0.
05M phosphate $t3-8-9 & AL431H & 7ol
7.0X107°—7.0X10M ol A 7871 &7 %ol
48mV/decade 2 714 & & dd=z, 0.1IM
phosphate ¢} 0. 1M Tris-HC12] 7o) 1.0x107*
—5.0x10°M 9] ZL2A AW E XY, 0.1
M phosphate ¢! 7 $-¢l 45mV/decade & 30mV/
decade 8] 712712718 B2AdFE 0.1M Tris-
HCl vt $2 732 Yepligish. 0.2M phos-
phate 8] ZH$E 1.0X107¢—3.0X103M W ol 4
40mV/decade & #&71€71& Hebi e, 0.0
5M Tris-HCl 3 0.2M Tris-HCl 9] #H2x &
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Table 2. The effects of buffer solutions on the bacterial electrodes for cytosine
Proteus mirabilis® Citrobacter freundii®
Buffer
solutions linear respones response linear response response
range (M/L) (mV/decade) time (mins) range(M/L) (mV /decade) time (mins)

0. 05M 3.0x1074 _ 7.0%x1075
phosphate  —1.0X10-3 38 15-18 —7.0x10-? 48 10—12
0.1M 1.0x1073 _ 1.0x107*
phosphate  —3.0X10~2 4 15—18 —5.0x10-% 45 12—15
0.2M 1.0x1078 - 1.0x10™4
phosphate  —5.0X10°2 45 15—18 23/0x10°3 40 15—18
0. 1M 3.0x10™ 1.0x107¢
Tris-HCI Z1.,0x10° 28 2-25 ~5.0x10°3 30 18—20

sTested at pH 8.4, 30°C. !Tested at pH 7.6, 30°C.
dAsd AFAY e AFE 4€ F U +sof +ro0
A 85t )

w2}4], 0.05M phosphate ¢330l HAHg 5 +sof
T ¢ % A% s )

Zyol o ¢ il

Fig. 4 & cytosine & A #3}7] 93 e o} -
AT TPl & 9 $& vhehd Aojch, NH,
gas-sensor (¢7mm) el 0.2M phosphate $+5-8-94, =t e

pH8.4, 30°C & A8 Proteus mirabilis T
o & A 247, 1,2,4mg ol A
= 3.0X107%—3.0x10°M 9] z& AWz}
vebyks, 77 44, 46, 45mV/decade o] 7H-3-7)
271E B FA% =g 2$A%S 1,2mgd
= 8~10 &, 12~15 ¥o 2 ko] A Lol wt
gt Az A vebe 28 Y, 3mg
£ 1.0X1073—5.0X10*M W o A 48mV/dec-
ade o 7+-$-71 8719 15~18 ¥-9] ZHgA 7] &
Tl 7t 5 s deE A

3l#, Citrobacter freundii & F=-% ¥ 34
A A%, 1,2mgd W AF=oA o 21 A
M % wod R, 2EALE WA e
4,5mgd #HE 54 3.0X1074—1.0x10°M
Wl A 41,40 mV/decade & ¥ =¥ A5 2y
F93, TF] 3mgd #HE 7.0X107°—7.0X1
0 3M U ol A 48mV/decade, Z}-&A 7S 10~12
oz 7k & #olgldh

Proteus mirabilis 333} Citrobacter freundii
AFoA ZF 3mge TFo] HALE ¢ T
ARt

& 3 z 1 B 4 3 H

-loglcytasine] ~laglcytosine]

Fig. 3. The effects of pH on the bacterial electro-
des for cytosine. (a) Proteus mirabilis bacterial
electrode: 7.8(0); 8.0(@); 8.2((1); 8 4(M); 8.6
(A); 8.8(M). (b) Citrobacter freundii bacteriale
lecteode: 7.2(Q0); 7.4(00); 7.6(@);7.8(A); 8.0
().

+50- +100 |-

+251-

+
«
=)

T

Potential {m¥)
Potential (mv)

—25F

—50}

L L i i I i [l 1
& 3 2 1 5 L3 3 2

-log{cytosine] -toglcytosine]

Fig. 4. The effects of bacterial amounts on the ba-
cterial electrodes for cytosine. (a) Proteus mirabilis
bacterial electrode: 1(Q); 2(@); 3((1): 5mg(A).
(b) Citrobacter freundii bacterial electrode: 1(0);

2(@); 3(2); 4(M); 5meg(O).
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6. Y BSA 2B V(AR Y

Table 30 A+ 1.0%X103M cytosineo} ZF
olu] =A% FiF A7HAFA S 9 cytosine o] W
4mV o 2 vehf gt

Proteus mirabilis ©] 7 $-+ leucine, glutami-
ne, asparagineo] Z 4 Edz ALYz, Ci-
trobacter freundii = glutamine, asparagine,
alanine 3-o] 4IRS & 4 Atk

Citrobacter freundii & ©] &% A $+ Prot-
eus mirabilis o] 2.} ofw|:xite] W & FY
4 9lt}, =3} alanine 3} asparagine, glutamine
& AARHE, 4440l $4% AFoz 47
At

Table 4| A& 49 W& AsE A

Proteus mirabilis 8 A%+ S3-& W & 2ok

xycytidine, 2'-deoxyadenosine 8] W8] & gk
S #oltk, HAo] FEY 7§, cytosine F A
&8 w|o| &= Citrobacter freundii e = o} A
& o18Fel Fa3h

4, 1.0X107°M cytosine ol F&F9 F714
52 498 4, 2429 Aol F MmVE 24
gto] Table5¢] “epRAT, HolA wEuket
7ro] XA 7| d 5 Proteus mirabilis A
o)} Citrobacter freundii A <ol o 8o X F

Table 4. The effects of the nucleic acids on the
bacterial electrodes for cytosine

Proteus mirabilis® Citrobacter freundii®

Nucleic acid response response
@v) AV vy AV

o, Citrobacter freundii & cytidine, 2'-deo- cytidine -8 -—28 +1 -7
adenine +3 —-17 +8 0
Table 3. The effects of amino acids on the bacterial adenosi‘ne +6 -l +3 =5
electrodes for cytosine guanosine +7 —13 +8 0
2'-deoxycytidine  —2 —22 -1 -9
Proteus mirabilist Citrobacter freundii® 2’-deoxyadenosine +6 —-14 —2 —-10
Amino acids response 4 response 4oy 2’-deoxyguanosine +6 —14 +8 0
(mV) mY(mV) m None* +20 0 +8 0
alanine +17 -3 -5 —13 sTested in pH 8.4, 0.2M phosphate buffer solution
arginine +20 0 _ — at 30°C. ‘Tested in pH 7.6, 0.05M phosphate
citrulline +20 0 +8 0 buffer solution at 30°C. <Only 1.0Xx1073M cytosine,
glycine +20 0 +6 -2
glutamic acid +18 -2 +8 0 Table 5. The effects of inorganic salts on the bact-
histidine +20 0 +8 0 erial electrodes for cytosine
]y51.ne. +20 0 +8 0 Proteus mirabilis® Citrobacter freundii®
ornithine 420 0 +8 0 Inorganic
proline +20 0 +8 0 salts response response
threonine +20 0 +5 -3 mv)~ AmY (@) Amv
valine +20 0 +8 0 NaNO; +21 +1 +9 +1
asparagine -9 —29 —23 —-31 NaHCO,3 +21 +1 +9 +1
phenylalanine +10 —10 +8 0 MgSO, +22 +2 +9 +1
methionine +6 —14 +8 0 Na,S0, +22 +2 +9 +1
leucine +4 —16 +8 0 KCl +22 +2 +10 +2
glutamine +2 -—18 ~-10 —18 K;Fe(CN)g +22 +2 +X +2
cysteine +15 —~5 +8 0 Na, WO, +26 +6 +12 +3
isoleucine +17 -3 +8 0 NaHSO, +32 +12 +13 +5
None* +20 0 +8 0 Nones +20 0 +8 0

sTested in pH 8.4, 0.2Mphosphate buffer solution
at 30°C. *Tested in pH7.6, 0.05M phosphate buffer
solution at 30°C. <Only 1.0x1073M cytosine.
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sTested in pH 8.4, 0.2M phosphate buffer solution
at 30°C. ?®Tested in pH 7.6, 0.05M phosphate
buffer solution at 30°C.< Only 1.0xX1073M cytosine.



Table 6. Lifetime of the bacterial electrodes for cytosine

Proteus mirabilis®

Citrobacter freundii®

Days

linear response response linear response response
range(M/L) (mV/decade) time (mins) range (M/L) (mV /decade) time (mins)
L. @ ww e w
g LOXI0°, 45 15—18 TOx10°% 4 10—12
5 Lo, 13 18—20 0X10° 16 10-12
10 39X10°, 38 2025 LOx10° 13 1215
15 SOXI0E 32 22—28 Lox10 40 14—16

+Tested in pH 8.4, 0.2M phosphate buffer solution at 30°C.

solution at 30°C.

ZAe JAEAR FEYPE & F A

M=z ¥

B QoA Audt AFE o= F=AA F
434 A8 F A=A %°P5'_71 A8 A3 A
A 2719 AdlA 154 F¢ 4°CE AFE
AstAA G2 FE FA8 ko] Table6o] R
At

Proteus mirabilis ¥t 2] o} A 59 A%, 14
e 547AE 1.0X1073-5.0X1072M o 4 F
AL ez, o] F7holA 43~47 mV/decade
o AexE v Fga, RSALE & Wt
2k 109 ol Fol & 3.0X107°-3.0X107°M
o] AAF7te 2 Frobxlz, 38mV/decade 2 7}
$71€717F A o7t 15990 & 5.0X107°—
0X102M Yol A 32mV/decade 2 7+-%7]27]
7t dejzlod, ZEALE 18~2FEo2 Ao
A,

Citrobacter freundii Bte|glo} A F9 A$E

194 5474 7.0x107°—7.0X1073M j oj
A} 46~48mV /decade & 7 9] W3} ¢ & &
4 gtk 10l & 1.0X107—5.0x1073M, 40
mV/decade 2 234 A= ot 28 2 o]
AR A8 Wl AE LA Agol A5
5.

w}2}A] Proteus mirabilis ¢ Citrobacter freu-
ndii AL v) 28+ 2 o, Citrobacter freundii

whg] 2] o} A Fo] cytosine A gl B A7z A}

’Tested in pH7.6, 0.05M phosphate buffer

$9¢ ¢ F ek

2 B

B gFol A& cytosine 9] A ol T3] Prote-
us mirabilis 2Ve) €| o} A 3} Citrobacter freun-
dii W glol AFE AYstz, F ASTE ¥
ARl 4R} A G| $43 Holel o} A
29 A4 248 244

WA, Proteus mirabilis ¥el] 2} o} A 59 34,
HA 7+Lz271L 30°C, pHS. 4, 0.2M phosphate
F389E A48T A5olH, AT 2A%
A AAd H9E 1.0X107°-5.0X107M o] A =,
o] Weojulo A 45~48mV/decade & 787|871
2 2o FH

w3, Citrobacter freundii vt] &) o} & 9] F
A 27 pH 7.6, 0.05M phosphate $+3-&9,
30°C, ¥ 3mgo|gitt, o] = F4¥H 7.0
X1075—7.0x10*M ol A 48mV/decade ¢ 73
< 2o F

g9, Citrobacter freundii Wre|g o} A9
73 9-%= Proteus mirabilis ¥e| 2 o} A=Y AL
wet ofel e atolt el et AA et
G AyEe FAGFE T AT 4 A
A2 veg®, olF AFY FExE 597
A& A M3t ffen, 2 olFdx AY
AL A3 nZ cytosine 8] ZHo] L A< o] &
3+ 3
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w}2b ], Proteus mirabilis A 3-3¢ Citrobacter
Sreundii A S| A v] 58 45~48mV, 48mV/
decade 2] 727187 & 7FAv}, Citrobacter fr-
eundii A 52| 7% A FEoA 7Hge] ¢4,
ZgA el gor, AAMAE 4N ZAAKe
o, W= 7] o o] f-&3cta Ars ),

Fog £ d1E A AL E 3 & &
I e EA Pl AAE =8 vlol,

el g 2 #
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