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Q . Proteus mirabilis# 3 organelle® NH, 7147845 ¢l 2AAA cytidineol] W ulol LM E
Azstedch. welelol Aol AT pH, &%, 38, T R HEAS P FHE zApEAC 2
A3} 0.1M phosphate $+3-89x pH 7.8 %= 30T, #% 3mgelde =, 50X107*M~10X107°M
cytidine 249 $] Wol 4 56 mV/decades] 8714715 vehigich o] welzlo} 52l 3H-5AS orga-
nelle A3 735} wiz3tsiot

ABSTRACT. The cytidine bio-sensors have been constructed by immobilizing the bacterium Proteus
mirabilis and organelle on an ammonia gas sensor. The bacterial sensor was investigated for the effects
of pH, temperature, buffer solution, bacterial amounts, interferences and lifetime. The bacterial sensor
had linearity in the range of 50X107*M~10X 1072 M cytidine with a slope of 56 mV/decade at pH
78, 30C and 3mg in 0.1 M phosphate buffer solution. This bacterial sensor was compared with it's

organelle sensor.
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A%}, Cytidine> Sigma#] ¥F4eo = apas
Na,HPO,2} NaH,PO, ¥ tris(hydroxymethyl) ami-
nomethane-2 Sigma#| EFA)ek-g 2+ Al-g-8bedc).
T wieke 98 A8-3 nutrient agar:= Key Scien-
tificAl], 2] #<l-2- 9% Triple Sugar Iron(T.S.L)
agar+ DifcoAl], Analytical Profile Index(A.P.I) 20
E+ Analytab(France) A&& AF&-stsich

. A A8 7 ARdiste o s st
o] YE3E wAloll A vhe}, &A%} Proteus mirabilis &
EeFitol wj ARA] galste] Apg-slgT),

217|. Ammonia gas sensor+= Orion Research
Model 95-128 4 % pH 238 Orion Research
Digital pH/millivolt meter 6113} Beckman Model
76 Century SS pH meterE z}7} A}a-3sloic). #
¥zt HF-& 913 incubators} autoclave:= Hyun
Dai Scientific Model D-27B9} Dong Yang Scientific
Model 05402, water bath:= Forma Scientific Mo-
del 2067 A18-3l4dc).

Organelle 3%l 2] centrifugex Hitachi 70
P-72, Beckman Model J2-21, Hettich Universal D-
7200= A3t ®, 79 T4l Labline 9100 ult-
rasonic system-& A}-2-3}ich

714572t Orion-951204(Teflon)-& AM2-519]
2.5, FM22 pore size 0.22 um3l Millipore A
& ARSI

AT i W ol

AHTEF vl Z=F9 200/ nutrient agar
46g5 A7) F, o] LAe wPFr|E 15
Lb/inch®(121T) o} A 1587+ HFAI AN Al =]-2
ghETh A7) Proteus mirabilisF& HaIUZ 1
loop¥ FFA1AA incubatorel| 4 #2] &Ado] 713
F 35CE FAAFIHA 18~244]7F EoF Haiw)
FA| 71t

UHTF &R Proteus mirabilis 3] Bl e T,
S.I agar method®s} API 20E method?& A}&
stem, wf Agduigt wizlo] Jehd A Bl
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shgdct.
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NO,
+)

AP.L 20Eel] 2] #2lo) 4} el etoje chex)
Zrt.

ONPG : ortho nitrophenol galactosidase, ADH
- arginine dehydrolase, LDC : lysine decarboxy-
lase, ODC : ornithine decarboxylase, CIT : citrate,
H,S : H;S gas, URE : urea, TDA : Tryptophane
deaminase, IND : indole, VP : Voges-Proskauer,
GEL : gelatine, GLU : glucose, MAN : mannose,
INO ! inositol, SOR ; sorbitol, RHA : rhamnose,
SAC : sucrose, MEL : melibiose, AMY ° amygda-
lin, ARA : arabinose

Organelle &

Bte|2lel A3} organelle AF9) 4xg n)
3171 sl A wtelejo} 49] organelled t}e-9)
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Fig. 1. Schematic diagram of the bacterial electrode
for cytidine : a) inner body, b) reference element
(Ag/AgCl), c) outer body, d) internal filling solution,
e) gas-permeable membrane, f) bacterial layer, g)
dialysis membrane

tte] A5 (rpm)olct. o|FA M 2 el &
29.99(10mM Tris-HCL, pH 7.4, 10mM MgCl,
60 mM NH,Cl, 60 mM B-mercaptoethanol)& ¥ 3.
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Fig. 2. Calibration curve on optimum conditions for
cytidine.

2% 30T, 7% 3mg 0.1 M phosphate 2H38-)
2.8 o] 59 3H&EAE 2A sl 7y AAHAAL
rel. error 1.8%E Fig. 20 Jehiglcl

Fig 2258 o 4 gl50] cytidine?] ¥ =7} 5.0
X107*~10X107 2 Mol 4 A Ae] HAle)gdr),
=3 571871+ 56 mV/decade$) om, 71-LA]7}
< 8~10%F<]3ir}

uiell2jo} He| HE=74 =A}

pH2| ¥&. Cytidines AT o) ulee)e}
#Ao] 714 $& pHE 37] 93l welglo} A
ol ¥ pHO d3e of-3} o] zapsiych

2% 30T, #% 3mg 0.1M phosphate 38
A2] pHE 7404 82712 WHIA|AHA =37 vt
gielo} A59] 7H-354S Fig. 39 vehiidc)

Fig. 322 8E & F 9jRe) 71¢ F& LS
tehd pH 7.89] 7 9+= cytidined] ¥ =7} 50Xx 10
~LO0X107*M Mol 2 Ado]glE, 56 mV/de-
cade® 7}871&715 Yehlgich =3, o] uje
ZH-EA17E 8~10%-0]2dek. pH7t 74, 7.6, 80 B
824 W& 6.0X1074~1.0X1072M oA =
F Ze] AAdelgirt. a2y 487187 pH 7634
802 54 mV/decade, pH 742} 82%& 7t7} 51 mV
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Fig. 3. Effect of pH in 0.1 M phosphate buffer solu-
tion at 30T ; pH 74(e—e), pH 7.6(a—A), pH
78(0—0), pH 80(m — =), pH 82(0 - o).

/decade, 50 mV/decade24] pH 7.83.x} Wolzl 7}
°ldlet. H&AIZFE 2AY RE pHol| 8~103o
2A eyt

oebA 2 e Ele} ASL AH4-d o) pH 7.82
Atk

2xo| J&. ol AFo 7 cytidines A
FE dol] 7} F& B Jehe 252 o)
A3 SALde) 255 WA 2 I 7
S54S 53 3] zARSIL)

pHE 7.8, $38&9 2 #32 0.1M phosphate,
3mgo B 7zt mAA7| T, 2] L£X 2 25C ]| A
35C7HA WA AX 2 FSEAL Table 10]
vebl el

Table 1258 & & 9le ANY 714 o 7
5 el 30C Y o= cytidined] F% 71 50X 104
~10X107% WA AHe)gm, Her)er)=
56 mV/decade, 7H$A1ZHe 8~108-0)%it}. 25T
= cytidine®] X7} 60X1074~1.0X1072M o
Al A AAelRm, 7387]27]% 52 mV/decade
ek E3 35CY W cytidined] E%7) 70X
1074~10X107° M A8l 2ol 787
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Table 1. Effect of temperature in 0.1 M phosphate
buffer solution at pH 7.8

Response slope
Temp. Linearrange (mV/decade) Response time

() (M) (negative slope) (mins)

25 6.0Xx107* 52 8~10
~1.0X107%

30 50X107* 56 8~10
~1.0X10°2

35 7.0x10°* 53 8~10
~10X107*

Table 2. Effect of buffer solution at pH 3.8, 30T

Response slope

Buffer Linearrange (mV/decade) Response time

(M) (negative slope)  (mins)

005 M 6.0X107* 52 12~15
phosphate ~1.0X 1072

01M 50X107* 56 8~10
phosphate ~1.0X107?

02M 7.0%107* 51 8~10
phosphate ~1.0X10°*

01M 9.0x107* 43 13~16

Tris-HCl ~1.0X 1072

47]% 53 mV/decadeit}

ulzbi] 2 wbelejol AFE AHEE wel §oe
exE 30cE Atk

etx oo 3k (Cytidined HFY ool A
7te-e el Ege 3y] g, dtelE]o}
Ao ghpge] ke oi&a} o] zAFSHch

pHE 78 &% 2 7% 747 30T, 3mge =
3427}, phosphate $+34d¢ EF=E 0.05
0.1, 02M= #H3pAZ e, ob&8 Tris-HCl %
golol) tiale] 2AE o] weEol MFe FH&H
A& Table 20 elgdct

Table 22%E & F A& AMH 01M phos-
phate 9381l of A FEH$7} 50X107 '~
1.0X1072M cytidineo & 7W 2 #37|€7=
56 mV/decade 24 713 & & Jehfiglcth 0.05
M phosphate $+3-&92) 79+ 3H&A7ke) 12~
15802 tha go)] 2852w, 0.1 M Tris-HCl
Sxaalel A= Aadeet HErEr] "HellA
B phosphate $+Egoinc} dojal e viehl

- B - £%TC

+ 100 [~

+ 50 -

Potential(aV)

1 t i 1
5 4 3 2

- log [cytidine}

Fig. 4. Effect of bacterial amounts in 0.1 M phosphate
buffer solution at pH 7.8, 30C ; 1mg(A —A), 2mg
(m—m), 3mg(c—-0), 4mg(e—@), 5mg(o—
o).

%t

w}z}4] 0.1M phosphate $H&§Ho] 3 g3
So9le o § ek

pato] ¥g. ol AF2R cytidined A
e o o] HA 7k doliy] §5te FFe wE
AFe) LEANE g o] A

pHE 78, ¢& % st349& 77} 30T, 01M
phosphate2 TLA X713, Proteus mirabilis T4
1mgoll Al 5mge2 HIA AN A A74E Fig.
4of et

Fig. 42 291 & & e ZAAY @3] 1, 2
5mgd W& cytidine?] FE9} 2] 6.0X107*~10
X107 M W$iel A HAe|glon, 3&7&7]e
z}zb 47, 54, 45 mV/decade® vpehydch =3 4
mgd) ¥ cytidine®] ¥=7} 7.0X1074~1.0X 10
M HAWeA AAdelslx, 7H&7&7lE 50mV/
decadedth. o] 3mgd & 50X107~10X
1072 M cytidined] =94 HAelelx, 33
7]127)E 56 mV/decade® 714 £ 758 e
Wik
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Table 3. Effect of the necleic acids in 0.1 M phosphate
buffer solution at pH 7.8, 30T

Table 5. Effect of the inorganic salts in 0.1 M phos-
phate buffer solution at pH 7.8, 30T

Nucleic acids Response (mV) AmV Inorganic salts  Response(mV) AmV
adenine —6 -17 MgSO, +12 +1
cytosine +8 -3 Na,SO, +11 0
adenosine -2 —13 NaNO, +11 0
2'-deoxycytidine -2 -13 NaHCO, +13 +2
2'-deoxyguanosine +11 0 KCl +14 +3
2'-deoxyadenosine +2 -9 K,Fe(CN), +11 0
none* +11 0 Na,WO, +12 +1

none* +11 0

*pure 1.0X107*M cytidine.

Table 4. Effect of the amino acids in 0.1 M phosphate
buffer solution at pH 7.8, 30C

*pure 1.0X103M cytidine.

Table 6. Comparison for response characteristics of
bacterial sensor and organelle sensor

Amino acids Response(mV) AmV
L-tryptophane +11 0 B;:;:::l Orgirslelle
L-leucine +7 —4 sensor
L-lysine +11 0 Linear range 50x107* 9.0X107°
DL-phenylalanine +8 -3 M) ~1.0X107? ~1.0X1073
L-threonine +6 -5 Response slope 56 30
L-histidine +11 0 (mV/decade)
L-methionine +7 —4 Response time 8~10 5~6
none* +11 0 (min)
*pure LOX107°M cytidine.
ebdeh.

AP deFo] HojAe ule} EEo] et
W FEFe] WEFE A7) Po] L2 HG

webx] B wbe|eje}l AFe] A P 3mg
AxYE ¢ F Ak

WalEalol 8. CytidineS wejzlo} AFo =
g del o] AT 3ol W E e wH
AL dotBI] 3t AL, olmxAl Bl )4
Fi7b 1A vR= AgE ofSH o] 2A}s)
ek

LOX107*M cytidine §~8-4o] z+E2) il o}
oAl 2 F1ER 58 AL TRV HEE F
THIHE o wEjse 71d¥e W3 AxE
AmVE Jepllo] Table 3,4 % Table 54 vyel
At

Table 33} 49l 4 & 4= gJ=°] adenine, adenosine
2 2'-deoxycytidine 5-o] AF3H5-5 whalslglz,
L-leucine, L-threonine, L-methionine Fo] u}3) 3}
Hov), otmjiAte] wla A i A zjeg
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3 Table 5914 A3 olREe Fr)dF So
2 9%E AA= Ao ke 7HedxEga
2 2g-lgc)

Higfjl2jo} 33 Organelle
H|m

chFE 715e] AdsE e FAARAQ orga-
nelleZ Proteus mirabilisg 4|4 %3l orga-
nelle 52 ZYHF g o] AFe] 5o wly
o} A7 45 vlwslgc,

Proteus mirabilis wte|2]ol AT AMSo] 73
FL 274 Y A<} organelle A3 74
s-54E wlEsled Table 69 viehlgich

Table 62.2 & < Sl ZAAY wtegjo} HFe
A zANA 2A3lge o 50X1074~1.0X10"2
M HHAA A Melglw, 787187 56 mV/
decadee]| gt}

%HH organelle A=02 cytidine2 A=k wje]
A FEHESE 90X107°~1.0X 10 °M cytidine

H3o| ussY
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Fig. 5. Lifetime for cytidine.

o2 wteelo}l AR} AFr HAdeld,
o] o 7}<-7]-27)& 30 mV/decade, 3527 5~
6519k

Organelle A=) 7%, ute2jo} AT w3
7427187 tha "dojg oy AWt AFk
oA vehged, 7HA7E 4 dEFHNYLER
cytidine & 2ol &= whelg]o} AT} tjEe] £-83H4)
s 4 gleka QAR

3o 4o d|m. Cytidine AT wd] 2
Aol Al ANtgk wtejlol AFe] 7% 30, orga-
nelle B39 A% 59 Fok 4T BAsPHA 7
Ao 7878718 ZAlsted Fig 5ol YRS
1=

Fig.5¢ 33 & 4 e AAF Heejel A2
A9 71e71e7E 1o 2047AE 56~52
mV/decade® 79 W37} gigded, A F=¥
$1% 50X107*~1.0X10"2M cytidine = H3}7} Q
Ark =g, 30delE 7371877 oha goial 48
mV/decade & vteh o, 718217k A|Zbo] Ad
o wa} vha ZHojHrh

&3, Organelle 3L =E 1 Bl 3487
£7)7} 30 mV/decades} o™, cytidined] F=7} 90
~107°~10X107*M WelelA HAdeluch 247
3aol= 7}e712 77} 20 mV/decade=A A &3
w)sslgen, cytidine®) %71 1.0X107*~1.0X
1073 M #8)ell A A Aol gie). 5dol= 3H-871&717F
12 mV/decade 24 &Ado] &3] FAsem, 1
o] Foll= A9 ZHgo] HA Wit

Cytidined =¥ wo organelle A5 e
glo} MFR} $o] L FHol U

74 £

B R A Proteus mirabilisg-& 8% 4
dl2lo} A5 9 organelle A5¢ /sy, 8
%9 cytidined AT w9 A AIxPL =
Abstedch

ulelelo} MZTe] A$, 0.1M phosphate 3§
Ao pH 78, €% 30T, @ 3mgelslg wWrt
A zAelgch ¢ o A=k rled A Hie
50X107*~10X10* M2 2, o] AddelA FH&7]1&
7] 56 mV/decade ® Yebgi, 75417k 8~10
Folqich

Organelle =2 0.1 M phosphate $+5-4-Hof A
pH 78, &% 30T, organelle® 3mge|¢l-& =7}
#HA zAolgcek o) o A rled AA He
9.0X107°~1.0X107°M, 7H&71&7]= 30mV/de-
cade ebga, 7H§A17EE 5~60]%ith

Adenine, adenosine, 2'-deoxycytidine®] ¥4t &
o] F8 whallEAz ALy, 4Fe FUIEF
o ZedAEAR 2Hgsigch 2 9ol eofulk

e
Ake) el AxE oha Aok

A9 9L de]el AFo] organelle HF
Brh " Agled, de 2ol A5 2047 F2

lo

e EMS wy o) organelle AF2 54 oF
Agl 7Hge] =HA Wit

9, organelle AFL AFEolA el F,
ZHgA17te] REEe] whE A7 cytidined
2Fs}7)ol F-&atA)nt, wteziol AFel wis zHE-
71€71e oi "oz A7 A gle
2Ae] Ak

2 AFe ARd wAEdTE A 2
slef o foizlome ole] ZAHE =tk
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