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2 ek Cytosined| ©| 3t bio-electrode v NH; 7] M| 742716} Proteus mirabilis 9} Citrobacter fr-
eundii Wbl £ o} 5 28] 2Pt el, Cytosine deaminase & X {3 g ) ol cytosine 12
A& NH; 1832 AFA At Proteus mirabilis 2] opt AT 712 0.2M phosphate 434
4, pH 8.4414 1.0X107°—7.0x107*M 3 3% | ¢} 45-48mV/decade &] &7 €71 & 7pAoh,

Citrobacter freundii viol|2] o} A9 742 0.05M phosphate 4588 pH7.641A4 7.0x107°—
7.0X107°M H 49 )9t 48mV/decade &) 7377 & 7HAck. o] AFE pH, &5, 4549, %
dl2jote] & wHEY, ¥I1E9F9 93} AT $3& 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-
inase convert one molecule of cytosine into one molecule of ammonia. The Proteus mirabilis
bacterial electrode showed linear response to cytosine concentration in the 1.0X1073—5.0x10"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 7.0X107¢—7.0
x107*M 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.
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Fig. 1. Schematic diagram of the bacterial electrode
for cytosine: a. Inner body; b. Reference element;
¢. 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. (a) Protess
mirabilis bacterial electrode: (b) Citrodacter freundii
bacterial electrode:
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Table 1. The effects of temperature on the bacterial electrodes for cytosine
Protens mirabilis Citrobacter freundis®
Tem‘Perature
°C) linear response response Jinear response response
range(M/L) {mV /decade) time(mins) range{M/L) (mV /decade) time(mins)
3.0x107 3.0x104
% —~1.0X10°2 40 20—25 ~5.0x10-3 38 12-15
3.0x1073 1.0Xx10™
28 > bx10-2 42 18—20 10 41 10—12
1.0x1073 7.0%x10°5
1.0X10° _ 3.0x107¢
N —3.0x10° 43 1818 ~1.0x10" 4 -1
1.0Xx1079 _ 3.0x107¢
35 o102 42 12-15 2 02 43 9—10
¢ Tested in pH 8.4, 0.2M phosphate buffer solution. ®Tested in pH 7.6, 0.05M phosphate buffer
solution.
A3 o}, X1073~5.0xX102M W ol 45mV/decade 8] 7

Citrobacter freundii v}te|elo} A9 A$+=
0.05M phosphate 43844 pHE 7.6 2
TR =z 25 ¥ AWHE A5}, 25°C
dAE JAUY 3.0x107¢—5.0x107M Wl A
742787l = 38mV/decade 2 vEltor, 7
% AZE 12~15 0] 275k 28°CeljAl &
1.0X10™4—7.0X103M o] A] 41mV/decade &}
&1 &E 3o FRh 30°CeAAE 7.0%
1075—7.0X10 M Woll 4 48mV/decade ¢ &
ALE iRz, FEARR 10~128- 9
et 32°C 9} 35°Coll A & 3.0X1074~1.0x 1072
Mujel4 45, 43mV/decade 2 }ehigich, o]
w9 &AL 9~11, 9~10F <14k =z}
A Citrobacter freundii 352 73 %X Proteus
mirabilis J 5-& ol £ wlet 3] 30°CY A
4% A LexE A, BE AYE AA34
ct.

fagde IY

Cytosine & A 37] 9 € gel=lol AF
9] 43BN HE GYE Table29] Fepigl
e,

Proteus mirabilis ¥l¥) 2o} A& pHS &
=% 7.6, 30°CE =AY A7 =, phosphate &
Tris-HCl 584 & wW3AA g3 333
A3, 0.2M phosphate ? 3%+ J4U4 1.0
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S €718 Ve gz, 15~18 29 7H84] 7bol
£F5%r}h. 0.1M phosphate 8 H$E 1.0x
1073—-3.0X10 M ol A AP E BAFH]
2, 41mV/decade o] 7-§7]g7], 0.05M phos-
phate 8] ¢ 3.0X107*—1.0X107°M v o A
38mV/decade & 7} &7 &7l = 0.2M QY wuc
o @3l g vehRde. 4, 0.1M Tr-
is-HCI 9] A9+ 3.0X1074—1.0Xx1073M v o] A
28mV/decade 9] 727|879 22~25 29 &
A 7ko] 8559 phosphate ®.v} Az ZA3&
o 910},

Citrobacter freundii 9 3%, pH 7.6, 30°C
2 AN =2 0.05M, 0.1M, 0.2M phosphate
3} 0.1M Tris-HCl 9384 & A-83 A+, 0.
05M phosphate 438N & ALL3HE 7o)
7.0X107°—7.0X10"M W A &7 &7 kol
48mV/decade 8 3 & &€ 9=, 0.1M
phosphate &} 0. 1M Tris-HC19) 3-¢¢] 1.0x10™*
—5.0x10°M ¢] ZL2AAWHE AW, 0.1
M phosphate ¢ 7] $-4] 45mV/decade 2 30mV/
decade 8] 7447 €7]18 HAFE 0.1M Tris-
HClvot $& 782 vehiigld, 0.2M phos-
phate 9] A% 1.0X107¢-3.0X10"M ol 4
40mV/decade 8] 2371 &7 & Yl et 0.0
5M Tris-HCl & 0.2M Tris-HCl 2} A%+ &



338 g - 2%

Table 2. The effects of buffer solutions on the bacterial electrodes for cytosine
Proteus mirabilise 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 2.0X1074 _ 7.0x10°
phosphate —1.0%x107® 38 15—18 —7.0x107% 48 10—12
0. 1M 1.0x1073 1.0Xx104
phosphate —3.0x10°2 4a 15—18 —5.0X108 45 12—15
0.2M 1.9x10°3 1.0x10°#¢
phosphate —5.0X10"2 4 15—18 -3,0%10"3 40 15—18
0. 1M 3.0x10™ 1.0x10™¢
Tris-HCl —1.0x10°8 3 2-25 5. 0%103 30 1820
“Tested at pH 8.4, 30°C. *Tested at pH 7.6, 30°C.

‘ﬂ-»‘ﬁ%’]—tﬂ zﬂﬂ'ﬂ 9.1‘?-: a:“]“ﬁ' ﬁ"% %: Si?i?]d] +s0r +100 4
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we}4, 0.05M phosphate g% 8ol A g esol
T ¢ T A= N :

Fye| g : |

Fig. 4% cytosine & A&3t7] fF welzjop -
AT Fapol g o $& vhepd Aolv}, NH;
gas-sensor (¢7mm)el| 0.2M phosphate &% 8§, e —sof o

pH8.4, 30°C & At Proteus mirabilis T
Fo 4 FE AR, 24, 1,2,4mgollA
= 3.0X1073-3.0x107°M 9 e AAWSH I}
vebykn, 2b7t 44, 46, 45mV/decade 9] 737
$+718 v FUu} =3 23S 1,2mgd
i 8~10 8, 12~15 o8 Fio] H o ut
g ZASA %S gA vestet. e, 3mg
9= 1.0X1077—5.0X102M Wl A 48mV/dec-
ade 9] 7+8¢7) %79 15~18 ¥9) LA 7e] &
FH o] 713 73 %g dehi A

A, Citrobacter freundii & THE vl 34
7 A, Lomgd W AFEdA o 7 HA
HAE 252, FEALS B veigd
4,5mgd W FUF 3.0x107¢—1.0X107M
Woll 4] 41,40 mV/decade = W) 53 A} E 1A
F9z, 3] 3mgg W 7.0X1075-7.0X1
0-3M W ol A 48mV/decade, ZFEA 712 10~12
Foz Hg & gl

Proteus mirabilis A3} Citrobacter freundii
AT 25 3mge THo HAYE ¢ F
AR,

- loglcytasine, 1

5 4 3 H
~laglcytosine]

Fig. 3. The effects of pH on the bacterial electro-
des for cytosine. (a) Protens mirabilis bacterial
electrode: 7.8(0); 8.0(®); 8.2(00); 8.4(M); 8.6
{A); 8.8(4). (b) Citrodacter freundii bacteriale
lecteode: 7.2(0);: 7.4(0); 7.6(@):7.8(A); &0
(-

+501- +100 -

+251-

+
«
=)

T

Potential {m¥)
Potential (mv)

—25F

—50}

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

-log{cytosine] -tog{cytosine]

Fig. 4. The effects of bacterial amounts on the ba-
cterial electrodes for cytosine. (a) Proteus mirabilis
bacterial electrode: 1(Q); 2(@): 3((D; 5Smg(A).
(b) Citrobacter freundii bacterial electrode: 1((3);
2(@); 3(A); 4(l); 5mg(Q).
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Table 394 & 1.0X10°M cytosine o] 23
obu] A& FF A7 E o cytosine o A ¥
4mV gro 2 Yep gl

Proteus mirabilis ¢ 729%%E leucine, glutami-
ne, asparagine¢] & W EA = APz, Ci-
trobacter freundii = glutamine, asparagine,
alanine 3o] WAL & & 3Avh

Citrobacter freundii & 0| &% A& Prot-
eus mirabilis o] A B.c} oju] xilo] W E F9Y
4 ¢}, =3l alanine 3} asparagine, glutamine
& AAGGE, AFYol $rt 4522 4%
e,

Table4 A& 949 A& A% A3,

xycytidine, 2'-deoxyadenosine 8] #aj& wgh
< ¥olr}, Y4gto] FEY A, cytosine g
8 ol = Citrobacter freundii %] 2) o} A3
& o] &3l &3t

§H, 1.0X107°M cytosine o] $39 ¥-719
52 A& W, #EY Ho] F mVE &3
3lo] Table5o) “tebi el HollA mevist
o) Y EEo 27\ Q5L Profeus mirabilis A
o)1} Citrobacter freundii 3o o 3o 25

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

Proteus mirabilis® Citrobacter freundit*

Nucleic acid

response 4 v, response dmV
Proteus mirabilis & A% A58 w3 & sk (mV) (mV)
o}, Citrobacter freundii & cytidine, 2'-deo- cytidine -8 —28 +1 -7
adenine +3 —-17 +8 0
Tade 3. The effects of amino acids on the bacterial adenos{ne +6 - +3 -6
electrodes for cytosine guanosine 7 -13 +8 0
2'~-deoxycytidine —2 —-22 -1 -9
Proteus mirabiliss Citrobacter freundii® 2'-deoxyadenosine +6  —14 -2 —-10
Amino acids 2'-deoxyguanosine +86 -14 +8 0
response response
@vy) 4V Tmv) 4mV Nopee +20 0  +8 0
alanine +17 -3 -5 —13 aTested 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. 0X 103M 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
lysine +20 0 +8 0 N
Prot frabilist Cit t dii®
ornithine 420 0 +8 0 Inorganic roteus mirabilist Citrobacter freundit
proline +20 0 +8 0 salts response ;o ; response AmV
threonine 420 0 +5 -3 (V) (mV)
valine +20 0 +8 0 NaNQ; +21 +1 +9 +1
asparagine -9 —-29 —-23 —-31 NaHCO,3 +21 +1 +9 +1
phenylalanine +10 -10 +8 0 MgS0, +22 +2 +9 +1
methionine +6 -4 +8 0 Na,SOy +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 +10 +2
cysteine +15 -5 +8 0 Na;, WO, +26 +6 +12 +3
isoleucine +17 -3 +8 o NaHSO, +32 +12 +13 45
None* +20 0 +8 0 None* +20 0 +8 0

«Tested in pH 8.4, 0.2Mphosphate buffer solution
at 30°C. *Tested in pH7.6, 0.05M phesphate buiffer
solution at 30°C. <Only 1.0X1073M cytosine.
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aTested 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. 0x107*M 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 jdecade) time (mins)

1 L 4 1518 7-9%10 s 48 1012
2 LOXWOG, 45 15—18 1.9X10° o 47 10—12
s e mw MO 6w
TR} LSV 38 20—25 LOX10°0 13 1215
B SPESL w mem ML o s

«Tested in pH 8.4, 0.2M phosphate buffer solution at 30°C. *Tested in pH7.6, 0.05M phosphate buffer

solution at 30°C.

e A2 FLEE ¢ F Ak

3o =¥

B AT AU AFE o= A=AA F
234 A4 ¢ deA gotn A A3 F
A 279 AdolAd 159 F¢ 4£°C2 AFE 8
Astd A BEEE £ Table6ol ieh
et

Proteus mirabilisvte)2l o} A2 4%, 14
HE 59AAE 1.0X1073—-5.0X1072M o] 4 3
AL ez, o FelA 43~47 mV/decade
9 ALEE 1A FY =z, FLARE & WHst
g4t 10d o) Fde 3.0X107%-3.0x107*M
o JAFe g Folp =z, 38mV/decade 2 7F
%7477} AeEet} 1596 € 5.0X1073—1.
0X102M o} A  32mV/decade 2 7+5-7]&7
7 delRed, ZELALE 18~2 o o
A,

Citrobacter freundii 3|2l o} A52] A4+
1904 5974 7.0X1075—7.0X 1073M vl
A 46~48mV/decade 2 A9 €37} A& ¢ <
4 glth 109N & 1.0X1074—5.0X107M, 40
mV/decade 2 234 A= gt 28y o]
Fox AN Joll A= AA ALl 75
9o},

w2y A] Proteus mirabilis 9} Citrobacter freu-
ndit A FS B) 239 W, Citrobacter freundii

W} 2] o} A 2o cytosine FFol ] H7) 7 Ab

48& &+ Utk

3 =

2 g Fo A &= cytosine &] F Zoll W H] Prote-
us mirabilis we| €] o} A 27} Citrobacter freun-
dii dte| o} A3 & Adstm, F ASE ¥z
AEstd Zeeet AY¥Yo] $4% v of A
o HA 24¢ =AY

WA, Proteus mirabilis ¥e)| g} o} A 39 3%,
3 A 7g271& 30°C, pHS. 4, 0.2M phosphate
&g & ARG Hpold, BT ZAE
A Ad H9E 1.0X107°-5.0X107M °| 3 =,
o] g Ho|A 45~48mV/decade o Z-&7]&7
2 29 U

w38k, Citrobacter freundii vbdg) o} A9 &
AzAL pH 7.6, 0.05M phosphate 9388,
30°C, %2 3mgolgiet, o W JAYH 7.0
X107°—7.0X 107*M o] A} 48mV/decade o] &
€ 29 FuH.

83, Citrobacter freundii ¥e]e| ot AT 9]
A5+ Proteus mirabilis e 2ol ATY A4
B} ofujr Aol i}y ¥kl Wizt A vERs
o, A& U9 Fe F AT 3E 94
A2 JExtn, o A3 #EEE 597
Ax A9 A3 glgledd, 2 olFdx AP
A€ FALE cytosine ] FHo = AlF o] &
 F A+

Journal of the Korean Chemical Society



wlebA], Proteus mirabilis A3} Citrobacter
Sreundii A5 A v 52§ 45~48mV, 48mV/
decade 8] 72787 & 7}A W, Citrobacter fr-
eundit 52 A4 AFzo)A 3H&o] $535)z,
ZSAZLe] deH, FAEAE FA AAge
o, Wi = A7 @ EAo] F&3ce A,

¥oz £ AdTE 48 AR A T &
3 G FAFel FALE 2 ulo|t},
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