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Abstract

Substrate specificity of a flow-injection-analysis (FIA)-type biogenic amine sensor with enzyme reactor was
determined. The enzyme reactor was prepared with a diamine oxidase immobilized on preactivated chitosan
porous beads (Chitopearl) by intramolecular cross-linking via glutaraldehyde. The sensor showed a rapid
response to putrescine and a quasi-linear calibration curve was obtained up to 15.0 mM. The optimal pH and
temperature of the enzyme reactor system were 7.5 and 35°C. Interferences due to ATP-related compounds
and trimethylamine, and the effects of NaCl and amino acids were measured. Inhibitory effects owing to
these components could be mitigated by sample extraction with perchloric acid. Polyamines except putrescine
were determined by a putrescine calibration range within 26.7%. This system was confirmed as rapid and

convenient for biogenic amine determination.
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Biogenic amines(polyamines) A%<, qbERE, o]F
1] (heterocyclic) #3FE<el F719712A41® tyramine,
phenylethylamine, histamine, tryptamine, cadaverine,
putrescine, spermidine, spermine £2] polyamines& ¢
Folvt 282 A Foll 2 » vIBE A}
Aol AAE2A Ad2gdA WA=, A=, ol 2
WEAEe AR Foll AEH ¥ 2 A4S
AF8he FAlo|t}Y, Biogenic aminest o] & A& &
o G99 F2) opolcAte] Lebahibgel ojsjel
2 §45]0)® B3], o) g0} 389 HEAE2A ¥
LG, o] § Y 2820 AEAE F ATP 3jAE
2] A el ¥ &2 EAEE K3, EddrIds
(volatile basic nitrogen, VBN), trimethylamine (TMA)
Soll daiMe B8 97 2 BN s gl
£ WhE®0, dubA 22 15 mg/100 g o)A+ A o
59| ¥9& HepiE polyamine 7o A3k #4E 2
2] wo] o] FoA]A] Qgten], Turte oot 1A
Z] Z2] biogenic amines®] ¥-4]-&- 52 HPLCol] 9|&
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sha 9leh®. zejul, HPLC $412 oJ2] polyamines 4

Y55 ARHoE 2HY 4 vk AL e
QAP e Hele] oi% 0 25 U A%
&A WA sk dele Fui7) Aok el RE, Axe
B4-& 984 polyamineFF- /HEAI -0 A&k &3
Bk AF Foll ¥9) F2224 YA biogenic
amine 7] 5 455 A& BHANE Aol A}
Al ©] F 83}, o]el| biogenic amines-Z ¥t} 451 7}
wabA EAjske whgo] a7E oA},

Diamine oxidase (DAO)x= primary amines, diamines
=& AF3}A)1A aldehydes, ammonia & H,0: 3 AJA &l
We AARA ol AR ALAME o] 43W
biogenic amines& ¥t} ZieisiAl S & 4 Qo

diamine oxidase

RCH;NH:+0;+H,0

2 dpoxe o8 Ax AL wr) AlEstA
&3lr] 23k wyel shiEa] diamine oxidaseE 374
313} B A reactorE o)Lt} e} AAE wA 3E}
£ g2 AL EA & 2ol B2 chitosang ¥
RBZ 3o uhgAo] 2 #5718 IS Az
t}zAle] Chitopearl beadsE o]8-3l¢] A4 reactor&

RCHO + NH»+H;0;
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Diamine oxidase (EC 1.4.3.6, 5 g, from porcine
kidney) % 2.5% glutaraldehyde, 7} biogenic amine
£ hypoxanthine (H,), inosine (H.R), inosine 5'-mono-
phosphate (IMP) 5-2] ATP #&j4HE R opvixAl 5
£ reagent grade 24| SigmaAl(St. Louis, MO, USA)el
RENEERE LSS

TX& &4 reactor X A& AIAH %

Chitopearl beads (Fujibo, Japan) 4 mLE 0.05 M L1533
+3-g-of(pH 7.5)l . AN3Act AHE beadsE
2.5% glutaraldehyde -§-jil 7}3t3L 30°Co A 241 7%
b wuFshEA] HESAI A, o] F, FRHet 414 2
Zooog 83 Ho]F ¥ diamine oxidase 5 units
£ 4 mLo) QlAl Sh-gelof] g AA AxEHE A
25}, glutaraldehydeo] ¥AIZFE  beads?} Lig]
30°CollA] 2X|7}, 4°Coll A 24X)7k sakate] uEEAIA
o}, &7} 743 beadsE A 317] $i3t A 3
mme] §2 B8 microcolumn 2 2 A48l ok ZEF
9] 84 (flow injection analysis, FIA)Y |3 Al A€
AT Fig 1614 B.& upe} 2ot GilsonA}(France)
2] Miniplus 3 pump3 SupelcoAl(USA)?} Rheodyne
injector®} 37 %F F ojrjell wAF Hh beads& &
A3 columng A5t o] of, A& A2de 7t
HE o4& 217 0.8 mmel capillary tubing (Pharmacia
AL, Sweden)yS AM43tdrh. Flow celle] A4S
(model BO-G, ABLEA}, Japany& Y 57, microsyringe
2 o]¢3le] 20~100 pLo] A ®-&-)E injectorol] T4

Fig. 1. Schematic diagram of the FIA-type biogenic
amine sensor with enzyme reactor. a: buffer solution; b:
peristaltic pump; c: injector; d: Chitopearl enzyme reactor;
¢: oxygen electrode; f: DO converter; g: recorder.

SHch. Bash 71Ashe] Wyl ST Abre
DO converter (ABLEADe)] 218}<d polyrecorder (TOA
A}, Japan)oll 7)1 E7F5d A58 WAk o] o, v
ehct Hhg- peak= o] & AAlEI] dataZ ]85t

I&% &4 reactor AIAHEHS| 2z &E

pH 4.0~10.07}7] 0.05 M2] ZAt, <14k, Tris-HCL, &
A} b3 glg o]g8lo] pHE 22t HejsirA A4
AMe HeEE 24 vHsHy, €8 F529 &
EE 25°Co)|A] 45°CHIR] 5°C 7108 A8l A%
Moz ghpgoe Fo FuA Haubge ¥% &
=& ARk

KAF2E Y XshHof chE A&

WAl g @ %o SA7lsd ATP E34als,
TMA, Al9 ¥ o}nlicAlel i G5 o152 FE5
z}7} welsle] 712l putrescinest 7 AH7FEHHA
A4 reactor7b VEPE whe ZhexE &4 v|as)

At

2eAR 24

Diamine oxidaseo]] t3te] 7}AF ukg-Ado] & 7]Alal
putrescine] 71EFA1E& o83}t putrescine U FE
o]| cadaverine, histamine, serotonine, tyramine, tryptamine,
spermine, spermidine®] FX& z+zk 0.05, 0.1, 0.2%%E
| Frlsle Az 2L BE S

@t ¥ D@

TAst HL reactor HIE

Chitopearl-& 7}2t5roll Bo] S8 chitosan-&- A
2§48 4 QJEE aminor|9} T2 BE7E =0
¥ o}3alo] beads Hef 2 AREsle] Ay} HozA
F 4 mut ohle} | AE, 2AAE 5§ skt
ARE-8F 4 9l 957 A A2 A x| x| Ae]ct. Fig. 291
A Bi ZxY glutaraldehydeo] 2]3}ed Chitopearl
beadsel] F~g-4.2.2 Z3H¥ diamine oxidaset= 7|43
B A2 3Asle 9kgatA "ok #4558 025 ml/
mino.2 A FAEEA 7144 T
4-aminobutyl £-& #-f-3= biogenic aminest= diamine
oxidase?] 7|2 Ap-g5te] ™ pAd ARHS, an-
jonic £-2] @ 218} Zv)-¢| So| diamine oxidase|
A9 e} AgsA =} o|zhe 27|
Eolx ukgol ofa) oF 4% A F AxdkEo] A%
78peakr} Lrepdom whgo] StgsE dede 2F
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Fig. 2. Structure of the complex between Chitopearl
beads and diamine oxidase coupled by glutaraldehyde
solution, and the resulting enzymatic reaction with the
immobilized diamine oxidase,
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Fig. 3. Response peaks of putrescine by the biogenic
amine sensor. Arrows indicate the injection points of
varying concentrations of putrescine.

308 A =7} 2 ¢ ¥ ck(Fig. 3).
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Diamine oxidase+= polyaminef-ol] tlj s} 7]3l Eo)
Aol Wl ot putrescineol| i3t wkgAJe] 71 Fof
putrescine 1 pmole-2 AF3}A] 7= A A0 oS oluly]
L2 1 unit® & & 2)3}51 g)r}. Diamine oxidase”}
Azt 55574843 9] biogenic amine M7} 7]
Fro didle] B Fe $HENS delrr] 93
o ¥%=7} o} putrescine §-<-& 20 puLY F]l3}ed
FolA|= peak Fo|ZHE] ZAS AR A,
putrescine 15.0 mM 72 71A] 2] A1 AH(quasi-linear)2]
HAEFEAAE 78 4 Uit (Fig. 4). £, of-Fo}
52 Wy F Y47 24) polyamined
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Fig. 4. Calibration curve for putrescine substrate obtain-
ed with the biogenic amine sensor.

Table 1. Relative responses of the biegenic amine sensor
on various polyamines

Compound Relative response (%)"
Putrescine 100
Cadaverine 87.2+3.57
Histamine 69.2+0.1
Tryptamine 140+04
Spermidine 18.6::0.0
Spermine 11.6+04

"Response against putrescine was arbitrarily taken as 100%.
“Mean +SD (n=3).

147 mM F=2 F]1%F F, putrescine?] 7}I¢EE
100%=. 31318 wie} vlwsle oy =g 24
&} mglc). Table 10]4] ¥ nle} Zo] cadaverine
3} histamine®] 69.2% o)Akl ¥ uhg 7FeEE )
228 Py

UASEY pH U 2o gY

Diamine oxidase& 4 3}§ H4 reactors o4&
AZ Alxwle] 2389, pH @ 250 o2 7Hgx
H3}E putrescine-d 714 & 3}e] 23314}, Fig. 5ol
A o 4 9l ZAAFY pH 7.29 7.59] <lal gh3g-o
& AHSRE 7S ks enot A vielde, 747t
2] 2xolA AN AtAagE Zad o Zhe e
£ &A% FA9 HYLx 35°Cyet

ATP Z8lilHE 3 TMAS| A%
AN 24A17E ol A fEsl e WAl R B 5% F
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Fig. 5. Effects of pH and temperature on response of the
biogenic amine sensor. The symbols (@—@), (O—O),
(4—aA) and (A—A) in the pH profile represent 0.05 M
acetate, 0.05 M phosphate, 0.05 M Tris-HCI and 0.05 M
carbonate buffer, respectively. The temperature profile was
determined making use of 0.05 M phosphate buffer (pH 7.2).

o] 38 ZA|3}= hypoxanthine, inosine, IMP, adenosine
5'-monophosphate (AMP), adenosine 5'-diphosphate
(ADP)s} ZH2- ATP 483 TMAS 93k Al
127 $i5te o) SEEE AAANE Fo HE &
A7 oFe] vl ET(0.284%) AMEF F 100
uLE kbt o] df, 7] & putrescine £-<4(14.7
mM) 100 pL-E A F<47 7399 2%8A 4L A5
2 1}ro] biogenic amine A7} 9] 2] AR S]] s}
o Hof = 7S EE v E £33t ch. Table 2014
vehd A ATP E84HEH TMAE 4528 &
A& w putrescineol] T3 WH-E- 7H-&x 2] 10.0~78.1%
E el o, putrescined} F&% uoll+= 7.9~37.5%

Table 2. Effects of ATP-related compounds and TMA
on response of the biogenic amine sensor

Relative response (%)”

Compound Putrescine  Putrescine
not added added

Putrescine 100 100
Hx 38.5+0.1” 137.5+0.6
HxR 21.4+0.0 131.8+1.6
IMP 10.0+0.0 113.84+0.7
AMP 263+0.1 123.8+0.8
ADP 78.1+0.1 1169404
ATP 43.14+0.0 107.9+2.7

TMA 14.9+0.1 D

ATP-related compound mixture

0.0036% (0.27+0.13+0.09+0.10)" - 96.0+0.3
0.0374% (2.75+1.39+0.95+1.08) - 103.0£0.5
0.0711% (5.22+2.65+1.81+2.05) - 103.6+1.4

UResponse against putrescine was arbitrarily taken as 100%.
“Mean 4 SD (n=3).

“Not determined.

“Millimolar concentrations of Hx, HxR, IMP and AMP,
respectively.

2] 3714l eE F7HE B ) o]ehhe ¥
A AA &A%k ATP #3423 TMAS] 52
o} @A & FEE AYsEd 2 o] g
E AR Hlrh zejsle], ATP Bajirge] 338
B}l J&gslA $rslr] ¢iste] zhete] ATP BajAbE
+ AAl AR Fol EA7s Heiel A4 s
Eof F2F 3ol Dshs FEE 7)sled ATP R4S
o] E3H8-8E Az, 7|3 R A3l putrescine¥} 3}
A 8 2] BAAaAx 2] 71§44 putrescine g 7}
& 7339} v|wslglti(Table 2). o] o, AA] AR Fol
Z 8= ATP ¥-3JAME F2oll4] biogenic amine AlA]
7} putrescinesl] w&te] Bof Fi= 7% putrescine
ApA e A FHeEe} AL e poloj o]2 R
B A]gA& A] ATP ¥-#4AFE-©] biogenic amine 44
9} 714 Sl AL d3E 7xA] @& AU &
T slich.

o, ofali:Atoll 2/3t H8

ol% Foli do] Akak ZAslr] Wil WEE
o lgh AANEEE Teislol & e ) o
A, NaCle] $E& Delsiaa 49 =g &
g A5, Aol Mgl AFeh AAEE 08%
A2 AR A 192%9) FFEE HAE ey
T, 1.0% 0|4 AR AS b 2-EES} oS Hol
A& o 4 AlAeKTable 3). o1& Fo A2
& duy el YU Edsie dEeR s
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Table 3. Effects of sodium chloride concentrations on
response of the biogenic amine sensor

Table 4. Effects of various amino acids on response of
the biogenic amine sensor

Relative

Sodium chloride (%) response (%)”

Buffer solution Putrescine (14.7 mM) 100.0

0.2 84.4+4.4°
0.5 85.0+7.1
0.8 80.8+0.0
1.0 58.7+9.2
15 45.7+9.2
2.0 30.440.0
Perchloric acid-treated Putrescine (14.7 mM) 100.0
0.2 84.2+25
0.5 70.0+£5.7
0.8 77.8+1.4
1.0 824178
1.5 71.4+6.1
2.0 75.0£0.8

YResponse against putrescine was arbitrarily taken as 100%.
?Mean + SD(n=3).

A1 100 g3 10.9~23.3% H o] whialo] §-f-= o]
3l21}, biogenic amine Alx{2] 71& ¢l polyamines2}
TFE27) frAbste] Bl e i3t AlEA s E do
Ao A4 E F2l olvliAle ulgk EAYFcH®,
weba, 24zke] fe] ofvlicAle] 0.1% A= EAfsh=
Aoz 7HA 38l 917 73-9-2} 7)3 <l putrescine (14.7
mM)} §A F-U7 A 9-9] vk e E Alw wgl
t}. Alanine3} glycine?H-2- U3t #-9- putrescine 2}
A7} B = vkg 21-2-%9] 18.8%2} 12.3%2] 7;-%-
=5 vepliglen 1 o]99] oln|xAbig I3
ZAfole ZAexrt olrch Al Jebgo) 3,
alanine, glycine-2 7] <] putrescine®} 37 FUg 4
= 9hg 7=t 247} 18.2, 17.7% oz ok 53],
polyamines 5 & Hoi-8-2] AA}a}A F FA FF&
T 34 AJE <l histamine-2 histidine2] @&H4Hat
ol 23t A=A, histidineol] 213 A 7=
2] AL 1.8% o2 e} A& & 71 Xx] ¥
& o  sl%ich(Table 4). Table 37} 44 & 4= 9]
£ AAY AD A opvliilol & § A9 7HgE of
go] vl £ #Ae® Yelted] o)l diamine
oxidase?} 7. FE2] Aol 23l LS 7L
vt 71ARRg-e] A=Ado] "ozl ]glsle He
2 AgAZ}OD, o]2iqt F S 438} flsle 04
M perchioric acidell §#141%] % TASkEAe] A
pH<Ql 7.22 93 788 113 A, Ald 2%
A A7y Al dbg ST 25.0% o Ul E2at ZhAs)
%32(Table 3), 0.05 M {14k sh38-(pH 7.2)2.2 ¥
Astsle] Azg o85EA B dIY ALEE

Relative response (%)”

Compound Putrescine Putrescine
not added added
Putrescine (14.7 mM) 100 100
Alanine 18.8+1.47 1182145
Arginine 36+1.0 2
Aspartic acid 7.0+£2.6 109.1+24
Glutamic acid 54+3.6 111.1+3.0
Glycine 12.31+0.4 117.7+6.7
Histidine 1.8+0.9 -
Proline 7.1+3.6 -
Serine 9.8+3.0 114.2+3.3
Threonine 43+19 105.94:4.7
Tryptophan 1.8+25 -
Valine 6.8+2.6 -
Sample Buffer solution 100

(fish extract) Perchloric acid-treated 87.5+2.79

YResponse against putrescine was arbitrarily taken as 100%.
"Mean + SD (n=3).

“Not determined.

“Response against non-treated sample was taken as 100%.

100%2 &}51& o] 0.4 M perchloric acid® #3313
¥ pH 722 3Aslo A2 A8 Hhg FeEE
87.5%%. vhelr} o}ulie Al 2pAlel 2% 2% AHsE
A 4= gle] AR Fol| AN B 3
£ 24T 5 Qe AoZ Yehydr)

ZEHANZ 24

Biogenic aminef<= A14d-§9] A2t FHE o
ubA o2 A7) Frelr] Alatskedl, Algse Wi
Y Y51 25 204l ozl HPLCe 23t ¥4
< B A, biogenic amineF7} HEE A] gdghon
2 vlo] 2 AlA] A&l 2)8) 4% biogenic amineF7} 7
EHA] %F A2E AR gl & AYdAe
E A reactor A|A®E o]8-3le] 7[AlQl putrescine}
thE aminesE 7 713l AZ23 A AR
2 3o o]Fe] R F=ubg R E sl
(Table 5). o] of, diamine oxidaset= polyamines Z
putrescine 7] ol &l 7}AF =A] vRE-AJL ey
AL o}E aminesel| diEld= HhEAE JehydeEle
putrescineo]] W3ty Ao g zhg4do] o} ohE
aminesel] tH¥+ A& A 87 o= F-2)7) Aok
212 B.%, putrescine®] ZFFAE o] 8-3led o] F
2] polyamines7} #H 1%l =dAIEE  diamine
oxidase7} A BlE H A reactor A| Ao )5l &
Astdrt. Table 50|41 ¥+ ule} zhe] putrescine-g A
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Table 5. Determination of polyamines by the biogenic
amine sensor

Relative response (%)"

Added ployamine Putrescine concentration (%, mM)

concentration
(%, mM) 0.10 0.25 0.50
(6.20) (15.50)  (31.03)
Cadaverine 0.05 ( 2.85) 1033 100.0 100.0
0.10 ( 5.71) 1133 103.3 105.7
0.20 (11.42) 1267 1122 108.6
Histamine  0.05 ( 2.71) 81.1 80.0 85.4
0.10 ( 5.43) 83.8 75.9 83.3
0.20 (10.86) 838 72.0 823
Serotonin 005 ( 2.35)  104.0 97.5 102.1
0.10 ( 470)  108.0 97.8 104.2
0.20 ( 9.40) 120.0 104.3 106.3
Tyramine  0.05 ( 2.88) 94.1 982 98.0
0.10 ( 5.76) 94.1 99.1 94.1
0.20 (11.52) 97.1 100.0 94.1
Tryptamine 0.05 ( 2.54)  100.0 98.1 100.0
0.10 ( 5.08) 1033 98.8 100.0
020 (10.16)  110.0 99.4 103.1
Spermine  0.05 ( 1.26)  102.4 104.3 106.1
0.10 ( 2.51) 1195 104.3 1122
0.20 ( 5.02) 1195 107.1 112.2
Spermidine 0.05 ( 1.96)  106.0 102.0 100.0
0.10 (3.92) 1120 104.7 101.1
020 ( 7.86) 1180 106.6 104.4

YResponse against each concentration of putrescine was
arbitrarily taken as 100%.

2]3}5. polyamines 5 714 HF-&Alo] & cadaverine2-
0.2% (11.42 mMy7}=] %712 714 putrescine YA
¥ Hriste] AxF 7]ALAE FSUElE o,
putrescine 944 Fxol i3l Hd 267%744] =
Z7}7} Vet on cadaverine?] F%E 02% ©)A F
AR O o] = Z7i) vehdA] st
a2j3le], Aal| AR Fll putrescine ©]$]2] polyamine
F7} A8k 74 putrescine #4129 26.7%
W ellA polyamineF-o] & o] 7Fg3licth.

HPLC 5-& olg3le] 2A4s) el A% 5o £8 4
ol-&, X3 7E-5<ls= 7I¥ polyaminee| 0.7~700 mg/
kg A= EAske Aog deix|z le}®™™”. Diamine
oxidaseE WA B A7 ulo)24lA AlxdHlE
2.5~2,500 mgkg #4212l polyamineF-& A& + U
RO AR B Z £ upfe] A]F FollA] polyamine -
9] &oHol hF FEF WHpTo] 5 S-S
Hof F¢lch

2 o

Biogenic aminef= ©]8-2] F-ul3x] 2 PAsl=
Hqrow o|F zhHeA FAst7] $1ste] diamine
oxidaseE amino7|7} 571l viEde] Chitopearl
beadsel] A3 F o] FRI%F A2 reactorE A=
3}t A8 E A reactord o83l biogenic amine
A&AS A" AH-8te] putrescine 7] o) o3
150 mM72] Z%3Ade 9& + gt o o,
biogenic amine 41412} #d 7% & 35°C, 0.05 M <l
Ab 2b32-l(pH 7.2y AHEEE A9 E& 5 Ul
Biogenic amine A4 2 23 A Wl 2d 2 228 5
Qe ABL 2% Ad), ATP E-#4HE % TMA Sl
= 79 45 kx| gkl HA o Fert fleE B
F3L, 0.8%71212] Aldel daiM e FeErt 192%
olat2 z}ar8le] or] alanine¥} glycine A|¢]&k ofo]
XeAlbel] th3te] 9.8% o]3te] Fhex A& bS]
o} AF W opvlicAlel o3t AgE a4 E v A
AFe A 8-E 0.4 M perchloric acidel] 2]s] Hxje]sidd
A = oo} ofed £5-2 polyamines7} FES=
7% putrescine 7]5-2.2 &}o] putrescine 7] 33412
26.7% WA polyamines®] 5o} 7hgdhdct.
Diamine oxidase?} 324 3}%l Chitopearl T4 reactorE-
0)]-8-3= 749 biogenic amines®] §EF 55 308 o]
Well 24E 4 ot

Al 2

o] EL xR AW HYEHATAIYE]
72 34siYct
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