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2 % WistarA e A% 248 2o} 7|4 434 Foll 2YS}ste] 2 MME 2817, L-gluta-
mine-S W3] N A 270¢ 2Absigck 2 Aat 30T, pH 7.89) 005 M Q14HkE S5 30 um A ¢
AAe AR E 49 AF 7 A8 de 80X1075~10X 107 Mo gl on, S5 53.8 mV/de-
cadeZ ‘teldd, 7H-&A17be 3~58 agEldch £gk 2 HAH A 2L sl Qe HE
27188 Aol AR A2 74, A /s AAYSE 12X107~50% 1072 Molglen, s
54.0 mV/decade, FH-&A17H2 6~7Fol 22 EUck o]} Zro] B AFollHE 9 AR 23 9 N 47l Be
o}&3t] L-glutamines A FNY + v 2294 o] F3le] A7t

ABSTRACT. A biosensor for the measurment of L-glutamine has been constructed by immobilizing
the slice of Wistar rat kidney and it's organeile on NH; gas-sensing electrode, The effects of pH, buffer
solution, temperature and thickness of slice were investigated in order to optimize electrode response.
The tissue sensor had the linearity in the range of L-glutamine concentration 8.0X1075~1.0X10"2M
with a slope of 53.8 mV/decade in 0.05 M phosphate buffer solution, pH 7.8 at 30C, and optimum thickness
of slice and response time were 30 um and 3~5 min, respectively. The organelle sensor showed the
linearity within L-glutamine concentration range of 1.2X107'~50X10"3M with a slope of 54.0 mV/de-
cade in 0.05M phosphate buffer solution, pH 7.8 at 30C, and response time was 6~7 min, respectively.
Thus, it is clear that the tissue and organelle sensor will be useful for L-glutamine measurements,
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Ro] AL &7| 5 MAjele) o} 5 AlE 27 252
g5 2E wo g slgdel

Wistard $37(200~250 g/7}2], 3)8 24417k o

f e

Fig. 1. Schematic diagram of the tissue sensor. a, re-
ference electrode; b, outer body; c, internal electrol-
yte: d, gas-permeable membrane; e, dialysis memb-
rane; f, tissue layer.

°]F F1] @ F &t Y& AL Teflon-pe-
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cell debris)2 23, A4E-& 10,000xgell4 15
&7 A4 ¢ese 98 3 E(mitochondrial frac-
tion}-2 d2ke] 10 mM tris-HCl 3-89 (pH 7.4)
E i3 sucrose BYoll FAHA ek A2
ohA] 12,000X g2 1587 YA#elsle e YAE
(lysosome fraction}& 2|9} Z2 sucrose -Rofo
AT ¥, AFAE oAl 105000XgE 6087}
YdEelsled de P HEB(cytosol fraction)e 10
mM <l Akgt3 28 (pH 7.40)ell H-4H217Ae},
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ZX| MA{(Tissue sensor)

A%t ZIEE| Q| olo|iilol] CHEt AMeyy &HX,
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pme FAR doiste] 2AMMHE FAsle] 1070
M2 207}7] ok ho)l tidle] el g Zabeod
Table 141 viehy glc}.

2 23107 M) 20714 olo)i 4} 7h-2-w) L-glu-
tamine] 7} EF2 HYA3e Boenz Wis-
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Table 1. Response of the tissue electrode to amino
acids

Potential difference (AmV)

Amino acids (107*M)

Kidney Liver
Proline 0.1 04
Cysteine 4.2 1.7
Asparagine 0.5 79
Glutamic acid 03 1.7
Alanine 0.7 32
Aspartic acid 0.1 1.1
Glutamine 52.9 325
Leucine 0.5 30
Trytophan 0.1 08
Valine 0 0
Histidine 0.1 08
Methionine 05 29
Serine 0.5 47
Isoleucine 0.2 0.3
Lysine 0.4 6.0
Phenylalanine 0.3 0.5
Glycine 0.1 52
Threonine 0.1 0.1
Tyrosine ] 0.1
Arginine 0.1 8.1

tard #9] 73 A3 272 o= L-glutamine deami-
nase} 918-& oiotth 2}, RS ARz A
Bla] c}2 ofmfiAlolx o7t} 7H4-& Holm2 L-
glutamineo] H3F A= o} Woj g & 4= 9lqic)
2 ATl 4= L-glutamined 317 3 44
2.2 AdA gl Fgo) fHold MME A 2}3lr] 9
alo] Wistard 79 A% 23L& o] 4slgic)
L-Glutamine & 30jA12| pHS| g3 L-gluta-
mined| Hqt EAAM4e] pH 3ol W& IS
27 33l 0.05M Qiske4dey EE 30T
2 2HA)7l2, pHE 77 68, 70, 74, 8022 o
A7l BEEE 2AMEY Fig 29 epli it
2 # pH687 7094 80X107'~1.0X10"*
M2 FAAF7Hlinear range)g Jelor, & E(re-
sponse slope):- 454 mV/decade, #&4)74E& 5~7
¥7} 5~8% A£E ik pH 749 4= 1.0X107¢~
10X1072M9 AAF7HE 7140 s 490
mV/decade, &A1 7+ 3~58 L 3lich pH 7.8
o A 8OX1075~1.0X10 *M2] AYFVE I
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Fig. 2. The effect of pH on the L-glutamine response
curves at 30T in the 0.05 M phosphate buffer solu-
tion.

om 7385+ 538 mV/decade, 7&417HE 3~5%
A8 =%k pH 800l 1.0X10 4~1.0X10 *M
g APk 7pA, ZHEEE 38.0 mV/decade,
FgAZE 568 Agsigde) S| HH2 A,
pH 7.8¢1 4] Nernst4]-& o] &4 ¢l 59.1 mV/decade<|
713 27 A EEE ¥olEmZ L-glutamine?] A
goll that T E A9 pH 7844 sasich

L-glutamine W30 2£2| FE L-gluta-
mineol] ik 2PN L] a}g dg
X7] g3l pH7.89) 0.05M gk LN g o] L
sl £EF 20, 25, 309} 35C & HAlAHEA 3}
L2 8 2AMSS Fig 39 vjelisich

2 A 20C o o 80X10 *~20X10 2 M2} A
AP7kE 9o R 400 mV/decad, %S
A|ZHE 4~64 a2 Egirh 25C o 4= 80X 1074~
30X107%2] = AdF3elA 450 mV/decaded] g
EF i, A0 4~6% 285 A 30
T s 80X10 5~1.0X1072M2] AAdE7HE
dder, PEEE 538 mV/decade, ZFE-A)7He
3~5% 4+ 25} 35C odlAe 4.0X1079~1072 M
2] Aqas AAFZHE dgen, FEEE 430
mV/decade, 4~7-2-¢} & A17te] 225k 39
2HE Fgste] B o 0T oA 71 F& P} s
Ho|B 2 L-glutamine?] kol i3l 2.5 YL
30C A Psleir).
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Fig. 3. The effect of temperature on the L-glutamine
response curves at pH7.8 in the 0.05M phosphate
buffer solution.
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Fig. 4. The effect of various buffer solution on the
L-glutamine response curves at pH 7.8 and 30C.

L-glutamine T 3olr{2] AZTAO| AY. L-
glutamineoll =H& F4x2] 43 Go0) Hifo)
wg d%E ¥7] #lsted pH78 T=E TR
IYAFIE, Ak - 2 328 7}7} 0.025, 0.05,
0.1, 02M=E BHAIA FFEE Alged, ®
0.1 M tris-HC) $h34-8& A4l He A&
FAFEl Fig. 4o viehigict

2 A, P 22 H8E Ba A2 005M
At F LB 2143l Aoy, ol 80X
10-°~10X1072 M9 HAF7E ey, e

PRE - EPCL - MR

Potential{mV)
=)

-5 4 3 2 1
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Fig. 5. The effect of tissue thickness on the response
of L-glutamine sensor at pH 7.8 and 30C in the 0.05
M phosphate buffer solution.

+ 538 mV/decade, 3}3-A17HE 3~5% 2 HAt
0025 M athgg-Ag 2Fg3d g A $ol= 10X
1071~23X 1072 M9 AANEHE dley, SR
+ 46.2mV/decade, 3~5%2] 7}$-A|7te) 28]
ok 01M3 02M AARFEAL Ap43les 3
Sl 80X 1075~1.0X 1072 M2 2AAF7He A%
o, &5+ 515 mV/decade®} 524 mV/decade,
3~552] 72A7ko} 22t ¥ 01M tris-
HCl 38R He D477l olE 2435 Ghel
330 mV/decade2A] o}f$ A z3glon, 7347}
£F 6~7F AgE ek ¢e) A2 A tris-HCI
Segde Qastgdnc LT} "oz g,
ZHSA17E Wel 28 HS ¢ & Uik

L-glutamine MM Z=Z|o| Eajjoff 28t F&t
2349 A 457 & d%E nlMee, wWe
F4E dslde e o] FFAHoy A7) kA
RE zeFEoje} a2 st HIY FAE J&
Ho| Faslty. 2BE 0.05M UAAek344, pH
78, 2L 2 30T & 12HA)7 2, F4F 30, 50, 70
p2 A 7R ASES =AY 22F Fig. 54
veldigich

2 A%, 0um FA2 23 & o85S o 40
X10 *~60X107° M- AHAF7HE Ao, 3
45 ¥ 420 mV/decade, $-A17H- 3~5% 21
ek 50 um FAe AL o) 43Fgle of 80X
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Table 2. Effect of inorganic salts on tissue electrode
to L-glutamine at pH 7.8 and 30T in the 0.05 M pho-
sphate buffer solution

Substances” Response (mV) AmV
KCl1 -124 0
KNQO; —124 0
Na,C,0, -124 0
(NH, %S0, +24 —148
FeCly 6H,0 -124 0
Ni(NOs);-6H0 -124 0
KFe(CN)-6H;0 —124 0
ZnNO,), 6H,0 —124 0
Na;NQ, -83 —4.1
Neone? —124 0

*1.0X 1073 M inorganic salts added to 1.0X1073M L-
glutamine, *pure 1.0X 1073 M L-glutamine.

1075~10X1072 M9} AAFE 2oy, FEx
€ 53.8 mV/decade, 7H§A|7H& 3~58 A8 =
70 um FA2] 23L o) 43l o 50X107~10
X107 M2 AATE dgen, e 470
mV/decade, 3AI7HE 6~78 A2 2F)qlc} o374
Zz3e} $A7} g ARdde FEErl "ol
FAE Afole 422 i HeAHg o|F
Aspz A 23] A7} 50 umell A 71} F& 7
455 el 22 L-glutamine?) Ao j3 =
AYe 50um FA9 23& o) 4slxcl

Wi §ao o8 T3AAME o|g2td L-glu-
tamined A o, 24F F7[A 771 A8 vlN e
A EAREZ] ¥ 10X107°Me] L-gluta-
mine 49& 71FEAE F3 7F FIIHFE 10
X107*M 52 A7IA3E o, A3 3482
AA2KAmMV) B 7]} LS Table 20 el
ol &4 2L L-glutamines AFY do =
Ao} HEz 0.05M Q4348 pHTS,
+= 30T, 249 ¥4 50 polsich

2 23} (NH):S0.8 Na,COs& A elgt 7714 &
& Z2Hgel ol 7R 38 A stk 22} (NHy),
SO} Na,COz9l 7% o] €25 olds S
A7l BH2A 294 9an oY ASL ik
P AE F2AF7) el FEE) Welal He
2 A4k B A3 246 &gk wpo)l el
olele) 2 F7|GFY EAslelxx L-gluta-
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Fig. 6. Long-term stability of the tissue sensor for
L-glutamine,

mined Y&3}A FFg 4 Ak

Hie) oA, 2 d3lellA] A2k L-glutamine
Aege AY 2ARMZAH A3 e g A
A& zAl}r] $3te] 259 €< 4T, 0.05M A4
PFgde AXE RIAstEM HHY Y 2=
FEEE Zaslo] Fig 60 Veluisdcl 144¢] 7
%, 80X1073~10X1072 M9 AMNTE B3,
245 538 mV/decade, FHEA|ZHE 3~5Re| &
aFgen, 1549713 FExrl Ao dAIA
FRAHR M, 2 o] FREe UGG oA,
A5 47.1 mV/decade, 43.5 mV/decade® A3}
HojHon 7H3AI7tE 6~8F0) 225k o)A
& A17de] HAgtel] ale} =AU Hie g4 =
=49 357l dF4 AR AR} azn
2 A 0189 ZAMe 15Y ool A
Y FEEE AE T AAY /4514 L-gluta-
mine 3ol o] &8 F i}

HE 42| MA{(Organelle sensor)

Fractionof mhE Meld &F. Wistard 39 4l
2 2% A4, W3 AE 27)¥mitocho-
ndria, lysosome, cytosol)& F&3ld AXE 27|
Mg A 2812, fractionsl] G2 P E Al
Table 34| vjetiic}

2 ZA3} mitochondrial fractionoll #J§ L-gluta-
mine 3Foll4} R 3}7l 760 mVel A} &
& Rl °)72 mitochondrial fractiono] lyso-
some fraction®} cytosol fraction®.c} L-glutamine
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Table 3. Response of L-glutamine sensor by various
fractions of organelle

CHHER - EF

Table 4. Comparison of tisseu and organelle sensor
in response characteristics for L-glutamine

Potential (mV) Potential
Fraction ” difference
Buffer 10 M (AmV)
solution  L-glutamine
Mitochondria 30.8 ~462 76.0
Lysosome 308 ~26.1 56.9
Cytosol 30.8 256 5.2
BO ¢
- 40
>
5 -
= of
=
3 -
0
[« -40 b
..80 -
5 4 3 2 1
-loglGlutamine)

Fig. 7. Response of mitochondrial sensor to L-glutla-
mine.

deaminase”} %e] &% 7|93 e Y7
t}. 2 A L-glutamine F<Fe 1% AE 47z
A A mitochondrial g ©]8-3 2R A EA
8544 =Abskdc

L-glutaminet! CHEl organelle(mitochondrial) 4|
Mo ASERM, AX 27F%e 2RELE EHEY
WEEE F&3lne =3 A0} 1401 §35
o] alck 2 B2 Wistard] #2] Al =28 at4,
2718231 mitochondrias F&s]4 AlE A7
A g AAstz 30C, pH7.89 0.05M QA3
g0 A L-glutaminee] ¥ FE-54L FASIN
Fig. 70 Jepich

2 A3 12X1074~50X1073 M9 AAFLS
g9.ed, 725 540mV/decade, A7
6~7% Lascl =§ W59 APPE A
Az, 84 Eo FEErt A fFAHALY,
FX A2 gt vlEle] BotomB A E 47

Tissue sensor  Organelle sensor

Response slope 538 54.0
(mV/decade)
Linear range (M)  80X10°*~ 12X 1074~
101072 50%x1073
Response time 3-~5 6~7
Stability 15 days 8 days
ao -
— 40
-
E o
[~
2 -
L=]
a, _ 40 t
. ®: tissue sensor
-80 A : organelle sensor
5 4 3 2 1

-log(Glutamine)}

Fig. 8. Response of comparison of L-glutamine sensor.

Axe] BAE AR fRAe el
Stk A} o] {234 AHEE &
& Ao|ct.

X HIAQ M AT7IR M2 HjR, Wistar7l
#2) A3 9] mitochondriad F284 AlE 47
T AME A, o|HE =AY} vy 3
}E5 Table 49} Fig. 89 vehygct

2 A AE 271F QAHE 24 A9) vwy
o, FEx& vkl A7 a2, 354
zke] go] Aot 53] AM9 ¢FAHE wim
5E o 2AANE 159, AX 273 A 8
47r tF o] FAHATh o)A K47 2|
AQPHNE F2 =] glerne FAie| Bao] oA
A FAEH?] gFolate 4Lt 2w AE
2713 A4 A4 el mitochodrial fraction€ 3=
23 HARY A5 9Jo v g L-glutamineS 42
sl Aslz] H3F vl F e AR

2 h o
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L-glutamine A& 4 22442 HHzAL
30C, pH7.88] 0.05M U4gskgo4s 547} 50
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453 538 mV/decade, F&4 71 3~5% 285
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4] (NHg.S0:2} Na,COsrbel <F7he] 7H-& A4
Aeon, A2y A2 A9 AHYE ZAbg
A, 159 Bt HAHEE FAFA

AE A7 AAE 30T pH78, 0.05M ol
DaEadg s E o, 12X107~50X107°
M2] A E7bol 4] 54.0 mV/decade2) 7}-&-=2} 6~
29 7H447+E Helow, 8 Fal UL &
2} 3hsich

0]28] Az A L-glutamined %37 3
shie] wpy o2 Wistard e A3 27$ )48
FZANMNEZE Y1 s AFEHE F ASS
okt
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¥ 97E 93Fe] ERC 47 Agd of
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