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< SUMMARY >

| F=ENE | D-02

Purpose&
Contents

The histamine detection kit, which is currently detected as food poisoning
among biogenic amines was developed for rapidly detecting histamine, which
are naturally occurring harmful substances in the production, manufacture
and distribution of aquatic products and foods. To do this, we have
developed 1) oxidase and hydroxylase for the rapid detection of histamine
using recombinant technology, 2) developed colorimetirc and fluorometric
dyes with high sensitivity suitable for the rapid detection of histamine using
chemical synthesis technology, 3) And detection of histamine as a harmful
substance from marine products and foods in the field using dyes.

Results

We have developed recombinant technology and synthesis technology that
can produce colorimetirc and fluorometric dyes for detection kit. In order to
develop a detection kit capable of rapidly detecting histamine based on this,
the activity of histamine oxidase and tyramine beta—hydroxylase was
investigated to optimize the reaction conditions for the rapid detection of
histamine by enzyme activity under various conditions. Based on these
optimizations, we developed a colorimetirc detection kit and a fluorometric
detection kit that can quickly detect histamine from canned tuna and spicy
canned tuna. The developed histamine detection kits was compared to com
mercialized histamine detection kit such as Maxsignal histamine ELISA test
kit and Maxsignal histamine enzymatic assay kit to detect histamine at
various conditions. The developed histamine assay kits have showed high
detection accuracy and sensitivity though selectivity is slightly lower than
Maxsignal histamine enzymatic assay Kkit. we can increase product sales
performance through commercialization. The histamine assay kits could be
commercialized for histamine detection based on the study and expected
increase sales with a metabolite assay kits that can rapidly detect various
metabolites.

Expected
Contribution

The application of recombinant technology for enzymatic production process
is applied to develope coloriemtirc and fluorometirc detection of wvarious
metabolites in addition to histamine, so that it can be applied to the
technology for rapid detection of metabolites as specific biomarkers existing
in microorganisms, cells and foods. Based on synthetic process and
manufacturing technology of colorimetirc and fluorescent dyes, novel dyes
could be developed as high sensitive detection deys in further research.
Currently, new fluorescent dyes are developed for capable of detecting the
major biomarkers of cellular metabolism with high sensitivity.

Keywords

. ) , . tyramine ) .
Biogenic ) ) histamine colorimetric/fl
i histamine , beta-hydroxylas )
amines oxidase uorometric dye
e
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Histamine rapid assay kit
for semi-quantitative test

Migs - B
-=1.-&E}u| }le_‘; ERWT ot
Shoi2 oo : ] —_—
e m_ﬁjH - 4 =~  Histamine Flu assay kit
' for quantitative test
a9 4. 3|28 AE FE 71E ALe A% T = 4A
O AAFAF-H&) Ad71Ee 51 3 &
[AILAR] %S 71%S o &8 W8 Tash Fastis 44 2 52e 4% 4% 7129 3

M3 8 AES (F)ute]2m

HO)9 Az = At 7s S

= ENQS!
2% 7lEs ol 8% EEnl sitsta Zt(TﬁH)«l Az 2 AL Vs B
2~ A E

o AIZT 7]ag o] &3 3]~ A3l d A (Histamine oxidase; HO)Q A% (YEH7 1= A=)

« Arthrobacter gloformis Z%E] genomic DNAZ

PCR(polymerase chain reaction)= ©]-&3lo] F3%3ste] 1 FHxH9S RS

c GRE 9] AEs A Fol g 2 HME<Ql pGEX 5X-3° E2de Fdst]

template® 3lo] HO9 Ak Ad&

&
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e F2Y FHAHox P& GST Fusion constructE®: BL21(DE3) competent cellol
transformationd}®] single colonyE 92 % Ampicillin®] ¥7Fg 3mle] LB mediaol A )
&Fstel | IPTGE H7bstel HOS it oA 2d S =gt

« IPTG induction ¥, cell lysatesE lysis Al#A Glutathione Sepharose 4B slurryE ©]&3}
of AdE HOS AAE I

« AFoZRE HOY wd¥ HA J=E SDS-PAGEE T3 &dstal ofd dist &S
SA% ¥ AR Do) FAHH SAET AL AE 7EY UL Ao 2 AAEsHE

AENA Al F 9 scale-ups F3 HOE dl®F AJ4bste] ghr i)

S| AERDI 2l S A (HO) % S| AEHY M3Z A (HO) |
E| 23l 4=413t2 4 (TBH)2| E[2t2l 4t3te 4 (TBH)2|

_]
%E%&%EIAE CHEE AHAH =4 22| =H|
a9 5. 3|2yl Aslas e} gyl FAstase dF A A2 & dY

WA =3 71ES o83 Elgtyl A4ksl g A(tyramine B-hydroxylase; TRH) 9 Az (918713
A=)
+ human cDNAZE template® 3} PCRE o]&3to] S%35lo] 1
o 225 A7AYGE pGEMT-ecasy¥ B Z2Y3 & A7 dE AAT}
o Bt E AUIAMLEE AT 2E #ME el pGEX 5X-3¢] EcoRI/Notl siteoll subcloningdle] t
ol A el o] el s AA g

i

- F2Y HYAHoRE AL GST Fusion construct® BL21(DE3) competent celld]
transformationsd}®] single colonyE €< ¥ Ampicillin®] #7Fg 3mle] LB medial A Hj
Fate] | IPTGE H7bste] TpHe| thgtellA Ldg =gk

« IPTG induction &, cell lysates¥ lysis A]7# Glutathione Sepharose 4B slurryS ©]-83}
of dd TpH AAlE gt

« o RYE ThHe Tdy} AA HEE SDS-PAGEE %38 lsta olo] ojsh

e

“

3

o

SAY F AAEe 2o EdHY s|AEw A% HE VIES] Ny A 7 AEs

A3A Az F99 scale-ups F3 TRHE Wi ALlsto] grsio,

il
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3| 2B A& HE 7EY 7S AASkaL olo] gk HEY IBAE HEESH
S| 2Rl A& HE 7|EE S AE dAE Y AT
AdE | 2e A% AE 7NEE FA AorRE e 3|2 S SAHE] Y8 of
g 2 209 22 AAget ARE W o HEstaat dvh Yy ddEE rEY A
27 Aol obdl B o] Gl A Mol @ A& A AAL wHel o
A e A+tstkarat gk
-
2 v
1. homogenize a sample 2. Sample (1g) was mixed 3. Filtration 4. Adding of distilled 5. Adding of dissolved
in EDTA-potassium buffer water to vials of reagent reagent A to sample
(pH=8.0) (histamine assay kit) vials
@ Q I—- ”
b
9. Measure the absorbance or fluorescence. 8. Incubate at 25~35°C 7. Adding of dissolved 6. Incubate at 25~35 °C
Colorimetric detection with naked eves for 20 min reagent B to sample vials for 20 min
1% 6. Histamine rapid assay kit®} Histamine accurate assay kit?] ZH&2 $3t
AR D AFE Y
sOR EG 2 A el AAE Y AT
HistamineS 50mg/Kg ©¢] HEZ dul =x] 7lo] H7lsle] o] Alg=z &}

EDTA-potassium bufferE o]&3ste] H=]g]ste] A5 Fo A+ HitamineS 13H 203

i

Zo]l A3}, olu] AMg3stE EDTAS %9 AM83tE potassium buffere] pH 183
oF 2o wE HEH = Histamine® e 2ARste] 7HE aabel dxe] UHE
H 2~ E gk},
m e A e AAe] Wy A

Histamine< 50mg/Kg ©] ¥ =% aF3Aof 22 53 <do]l M7k A el H7tst
o] o]& AlE=E 39 EDTA-potassium bufferE o]&3sle] At Alm Fo A&
Hitamine& ¥ 20¥ #o] HF3ch olwf AMgsh= EDTAS wXef AMEshe
potassium buffer®] pH 183l ¢]F 2o w& FZF5 = Histamined TS ALt
7P aaA Rl AAE S HAESH
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- SlAEH AE HE 71ES AESE AT HAE

A 3tE 2 Al HE I EE spike testE F@l Histamineo] 743 x| glo =

S
accurate assay kit & Yol @4 Ho AL wtadsto] sE AFolr) w3 A F el
AAHES el t=24 719 <¢l Bioo Scientific A} A% <¢] Maxsingnal histamine ELISA
test kit®} Maxsignal histamine enzymatic assay kite]l W&l A5 2 714 AAH S

gal Wk $5e AnE 2w AEse Aot 4).

32T A& HE 7|E AEE(ES5E) HAE
HistamineS 50mg/Kg ©] ¥ X5 x| o] H7lste] o] & Alg= sto A% ¥ &

A WHoex HAgsta ol& HPLCE °]& 71¥ A2 Maxsingnal

&
o
e
L
H

histamine ELISA test kit®} Maxsignal histamine enzymatic assay kit¥} 7§atg

Histamine detection kit®}e] H|W E|AEE 53] o|4} =33le] Z4zto] AUE(FF8)E
HAEZ A AHH Hx 2= 90 % ol 344 225 /it Aot}

3| 2~ER AlE HE 7|ES Bolk HAE
HistamineS H|33d)4 2 monoamine¥} diamine ZtZ} 3% o3 ofw|=il 3F o]
of i3] A& Eeolx HZEE Fdsit}y, ojuf 7]& A<l Maxsignal histamine
ELISA test kit®} Maxsignal histamine enzymatic assay kit¥} 7@ Histamine
detection kit9}e] Wlul EH|2EE 53] o] Fdste] Z4zte] EolxE HXAEET Foly

A =xA= 71 A dEid $dd Sol=E s Aed Aot

—

Histamine< 0.1 ppmel4] 2000 ppm 74 %4 A& HAEE F8stea 3. ol
WAl olyzl % AEHS H3 /NiE Histamine rapid assay kit®} Histamine
accurate assay kite] fH&E SAE HEEE FIdL Aot S, VE AE
Maxsingnal histamine ELISA test kit®} Maxsignal histamine enzymatic assay kit®}

o] A= 34 ¥ HAE F£33 AZAl =

R

|

2]+ Histamine rapid assay kit&=




2-200 ppme ZrE== Histamine accurate assay kit¥= HT}

& 4 A& 0.1-100ppme] A& WS 2= AL Al gelt

(=B 2% A% Ee 4E AT 34

ol

7§ E Histamine rapid assay kit®} Histamine accurate assay kite] #HZ A|+S
I FF HAEZ UroA HJE AEFE SAs 3 ok old] 7] A%<l Maxsingnal
histamine ELISA test kit®} Maxsignal histamine enzymatic assay kite}e] #A& A 7F

tof ofol tigh mlul BlAE g P Sx A= 7S AFE diElsiA 60min

o
Nl
2
ol

7l ® Histamine rapid assay kit®} Histamine accurate assay Kkit9]
A G dEdd s AF Ao A= Az SA
g 7€ U AEFHe v HAEE 533 AlFo|th(E 4).

E 4. 7€ AERY dusiA AR e

accurate assay kit9 E XX

=

O
oL
ol
2
=
o
Jm
o
o
BN
p
2,
o
=

Histamine rapid assay kit¢} Histamine

X sl I\I-/{?si:riﬁgilll;l Histamine rapid Wi e
A E histamine ELISA Enzymatic Assay assay kit accurate assay
test kit Kit kit
A Z 3 A} Bioo Scientific Bioo Scientific Biomax Biomax
= ur Enzymatic Enzymatic Enzymatic
HE UH EIA method method method method
A€ 99 1-100 ppm 20-300 ppm 1-200 ppm 0.1-100 ppm
HE Az 1-1.5 hr 1hr 1hr 1hr
ANAA Variation  may
(Reproducibility) occur good Very good Very good
7= . Very Quite
(Sensitivity) Accurate Quite accurate accurate accurate
AL 38 o] A Somewhat
(ltr%fdjrg complicated Simple Simple Simple
Many steps
7]—EI [e) o [ o]
(Price) 50 9+l 60 7H41 30 9t 40 7+
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Spike test with canned tuna

Histamine, Tyramine, Phenylethylamine, Trytpamine,
Putrescine, Cadevarine, Spermidine, Spermine =

7'|"t HE ol il gl A~E
E 0| T (selectivity test)
- UI”E (sensitivity test)
- @58 (recovery rate) £ A
- ZZE A7l (detection time)
- HFBEL (HUL HAE) vs. HPLC analysis

Neogen Bioo scientific o an‘lax .
Alert for histamine Maxsingnal histamine ELISA test kit Hfstam%ne rapid assay Kit -
Veratox for histamine Maxsignal histamine enzymatic assay kit Histamine accurate assay kit
_ - @0
EA
| » |00
=5 @0
o0
oe :s‘:
§ ee @ ;
- F 2 %s “ond
B, ey e 5 4
- ce80 e .
COC00000000
a3 7. 3|2EH A& AEF JEY AEFIE AAE Y E HAE HY
APE] 7% A 2 PG Ao 7 wEd dgeo ()5l o] o)
W It B2
CElsEm A PE VES ARS8 APE B 9 G2 dne) gy
cElzEb A% PE V1EY 2EY B 0 IY gu AL
ArEel 2 e
« J%F dE(Amplex red)e] WF F4S &3 A= gH
B E R ER
B ol ENM 24 E8-8 o] Resazurin sodium salt®} SnCl2 & ¥ ¢ 1A7F &

¢t reflux AlA triacetyl-3,7-dihydroxyphenoxazine 3}3H=(1)S 34 3hct.

7] 33ES dioxane-& Z&@&ujo] %9 F sodium sulphiteE 7} sFal oF 1A%+
&< refluxs T WHS =3 S W7 A7)l oA EARS o] &sto] A st A7
Sh,

Hlo| A o] A7} A o] & ofatste] HFAHO R Amplex red 3gES I

ol
?{_',
2

tio

off
)
rj(g
2
il
_l |
f

< 2 FR(DA0S)E] o




3 2ehyl A

® 3,5-dimethoxy anilineS W&t & gaA71 & olAEddslo]=, NaCNBH3 g
BooopAEAS  ERHem G F AL of 2A0Be wukAlA
3,5-dimethoxy-N-ethylanilineS d+=t},

B 3,5-dimethoxy-N-ethylaniline®} 3-chloro-2-hydroxypropanesulfonates NaOH <&
ol &3l A7 F 3AIZF F<¢F 7FE uwkA]A DAOS dHtes devh

fEa

Bioo scientific2| MaxSignal enzymatic assay kit@| & 2|

HMN
]| Histamine dehydrogenase(HDH) N CHO
<\N1\/\NH2 + 1-Methoxy PMS + H,O » </ [ + 1-Methoxy PMSH: + NH;

HN

1-Methoxy 'PMSHZ_ + WST-8(ox) » 1-Methoxy PMS + WST-8(red)

EHI0| @ 9~ O] Histamine rapid assay kit & histamine accurate detection kito] 2|

HN
- ; ; N
1| Histamine oxidase(HO) 5 CHO
&j\/\NH;' H.O + O > < | + NH; + H.03
HN

Horseradish peroxidaseHRA., H,O + Oxidized dye (color & fluoroscence)

Hzog + Dye (colorless)

O 8. 3xEHl A& AZE J|ES VE AFHY AEA

a
=

Ipx
N
e
N
|
lo
pisS
il
ofk
u2
)
i3

Amplex Redi= FHFAdHo]=(HRP)o <A IHiksabA(H202)7F & A4 (radical
oxygen).2 d&H o] o] skE @At whEstol A 8l gF HE] shed
resorufin® @ WHEEZ 23 A HE v Al HISA|go]| =S Hl=A] o7 3t}

olel m&A HE WEs HAM FHFA o= §lo] Irtspataeh viE ke & Qe

o
O
tm
o
@]
=]
2,
=]
o
ko]
=
O
o
e
o
:I:ﬂ
Olr
il
it
=l
=
Ey)

R RO T Eagd P I A =L

® PF1e] &4

> 3-lodophenol¥} phthalic anhydrideZ methanesulfonic acidell =13 135 °Coll A <F
4821 Eot 7FE wwbAlRl F Ao = w7bstal 600mLe] WAFE H7E ske] 349
aAE  F5et crude AMAES silica gel HAHEL o)gd w2 AASY
3’,6"-Diiodofluoran (1)& &xw3s}e 3k},

= DMF¢°l Fluoran 1, bis(pinacolato)diboron, potassium acetate, 22} 3 Pd(dppf)CI2%

w0l F 80 °CelA] oF 2417F ek 7bd Wb A7Th WG EREANL Aeow WA

71 & W45 @7 st Ao aAE A=t crude A EES silica gel AHS 9]
3 H= YA E< 37,6"-Bis(pinacolatoboron)fluoran (Peroxyfluor-1, PF1, 2)& 3}
H g

B PR19] A

> 48% HBrZ oA & =o}dE phenoxazine £Mo A7} 3 oF 1587F wwkA[ 7],
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E3} NaNO2 85 b Etwel AH3] A7pek = A2 A of 1534k ank A7)
W uAZE gAAHH APdE DAE A & F silica gel AHE o] g3 w2l AASA
FEA AGE(DS gHg

> DMFel A4 E(1), bis(pinacolato)diboron, potassium acetate, 28] 3. Pd(dppf)CI2=

=91 F 80 °CoIA of 2417 F< AFA WWAIY. WS RGNS Aeow YA

ST Y7 E Mot star 2ol uAE 343t} crude A ES silica gel ZH S o] &

O dxpd A7l H3x 2 g
T Ax AFIfEkel H A7) &
- Arthrobacter gloformis Z%¥ HO
o] ik AM4ES  PCR(polymerase
3] 2~ E} Tl AF3} & 4 (Histamine|chain reaction)S ©]&3lo] Z*351o]
oxidase; HO)9l 24 (A199e A2 AL &rg
=) - gHE 97 AES glgk o o
Zot d wWEQl pGEX 5X-39] =2
9E& T
=29 HAHoZ A& GST Fusion
construct® BL21(DE3) competent
cell®ll transformationd} < single
} colonyE ¥ 5 njgste] HO9 2
3 2~ Ep) 48} 5 & (Histamine| Ve . ’ N
= TT=%
: ; o] Az A A (X 18 Q'—
e T A BE NI jos) wast 4 4% 2w
4l
AL geldtal Ax TG99 scale-up
IAbd = 12015 S %9 HOS oz Ausle] stnd
- HO9 AAEZ 90% HEZ= 100mge]
F g
HO®°| @A 93-S pH, Fol=
=% Sol oigk &F Aol digk o
&S FAbel
o - Histamine= W] %34 thFst nfol
3| ~Ehwl AF3l & 4 (Histamine
. _ LAY olvly} ofm it T 10 o Fel
oxidase; HO)¢| &4 HXAE (A1A dalel Wal HOS 714 ol A}
B (F)uto] ol 2) ’ ’ e
t:;:]x_
- Histamine 9] & 5%(0.1-200 ppm)°ll
2 HOC 714 e E A
- HO9 s mE A4S FAE
3] 2~ E}HI AFsl g A (Histamine|- A4 A&S 93 1 s 23
oxidase; HO)ol ujgh ¥hxl o2 g} g 2 2rEy dno HA F
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(== 7\/\].&
due HAs AR Fupelem T
a1 Z 1
- A T Ylas aze 9% HRPY A FE
B & 2
SlEH A% AE JIES A% _ic wma as s ow 235
- - = e H-2- H O =X -1
7 w9 gzl A (A1 E
Tre= =T mos H'o HOl g7ty b g sha A 7=
(—12—)—1—?—?@]1:1]»01_?_) T— 271 w2 H o o0 =
BlaErl A% A= VBS99 3 Ag oA W HA s
gy dre 4 AFT PF 0 S
A3 slA] FA FL=
Aujol ) 34 9
= A= AT7NEe] =3 AT e

L
H

human cDNAZ template® 3}
PCRS o] &3le] TE3le 1 F4xA

2= A} Bl F A~ ©
gl kst a s as B
) - _ R
(tyramine beta—hydroxylase; TBH)<] CSuw oy M seld T o
29 A1 A=) ,
it s WE el pGEX 5X-39] F &
94& 3

- ZF2Y HHor AL GST Fusion
construct® BL21(DE3) competent
cello]] transformations} < single

Hapel 2alshE 4 colonyg 42 F wjekste] TRHE &

(tyramine beta-hydroxylase; TBH)<]

- TBHO WE¥ HA A= ey &
Az A2 (A19E A=) TRHS Eed Al 4w el

13k Al @92l scale-up
Fd HOE v Axtsle] 1w
2016 - TBHY AHAZE 90% %= 100mg

Eleknl eAkst e A
(tyramine beta-hydroxylase; TRH)<]
g4 H2E (A1AF

(F)nho] 9.1 22)

gyl Fakstaa
(tyramine beta-hydroxylase; TBH)2l |- F 7FA] &49 A% Aol uw&
el F sl=8nl AFsHHO) = BE= s ]
TAE S|2EtY A& HE 7EY  (|2AS A

AA 8 (AR (F)no] 2w )
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e A%
ALAR (F)ko

e

1-0

ZH60mino] W),

1001F 2] H}o]
3t Eolxs Ex=w

T3

o] 7} =

1 7+5%(0.1-200 ppm),
eAY ofrle]

A& At 2ES T

—_— =

=
L

7] vl ¥
st

& 3

7}

_1

ol
ﬂi>

] = 71ES AAlE

Sy

a
5o

rPL 2

ﬁ

HO

= A7 HASHA A

H
-

>

E}a

o Bolx EAIE slAsty] felA HOY SHol=
shARE o] 7 WY
48} & A (Tyramine B-hydroxylase
ggnlel #4871 E o 72 W3 s

NEE N

e

g Aol A HOS
sa Sraly
oA wdsle] o

S8 Hrsle T

29 A u-g(cascade)S o]

W Arthrobacter glofomis 2XE 2& 3%
olUz}t Hevlox £ 84S
At HOS| Bol= 2AE

ol
<)

Bk (F)uho] oo

3t 7

1E

=

s A sf ot 7t

=
a=

o
2 =4

A

; TRH)<ke] A
< %3 gl

=g °l&

TRHE Z2Ystw

BB 5 Ade A

6]-1’4-_
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P - NH:

Ho” == Tyramine

Tyramine : -
B-hydroxylase(TEH) -

Tyramine2| HO 43 A5}
oM

| HO
|./Q:|af""‘v‘“| + H,0 + O, Histamine oxidase(HO) O\j\
| C T ET T T e e -
wo~ ~# Octopamine Very weak activity H * NH; + w0
I
Histamine DXIdaSE‘(I‘OI
+HO0+0 ( 0,
I‘;\/\NHQ 2 2 + NH3 + HEO*Q

Strong activity

HsCO Cafts
N__OH DAOS
HsCO S04Na Q O
l - k'#‘——-.’CM H2o2
AR S T » @ O

O r I|

- S 4-aminoantipyrine O, e O

Py — O®
.CHy
Hlstamlf'le raplc_l assay kit _ D_N.N (oo ey,
for semi-quantitative analysis i o -
o N
Hy,CO &303“3 oxidized condensation product

J.max: 593 nm, £ 1.75x10%
Y 9. 32 A3 aise gEgu FA3E ALY A utS(cascade) S ©] &3 3| 2EW
AA BAL histamine rapid assay kit9 /Hd= AS 9

- F 240 @47 7E FAo mE HHI =1

A Blz2BRl H4E @ ¢ e pH, F FE

N
o

B

)

Rl

ofr

ol
£

N

N
Lo
o

0

o

3

o

1>

RN [
>
il
=2

o M 2ASIe JER AEStelA o] & HPLC ¥4 MW AU B@ @
EE FYsEL B

- AAIEFS TEL ol VE AFH UEE, Bolx, AE AL T& dHu BAsE I g,
olu] =LA A<l spike test W o}l

B Aol

s

BHl A& AE JEs 32Nl @43 A(histamine

dehydrogenase; HDH)E Al&32E o]d HEE= WST-8 olgles 985 AE3l=d o]

2| T AT 28y B dFERCA AREskE HOZE AAdsks

st A AED ) AEEE 952 DAOSS Amplex red & HRP EA] dhollA] d]$-
o

uled
Ayl
rlr
=)
A
o
5
2
olo
tlo
o
_m

2 sprshsadw wess gL PR o ARE AG WM % PP

=Rl =1




il
T
9‘15
v
Kl
&
kY

i =Tt
Pl
oy o NH2 Ir- s
) : = i
Ho~ = Tyramine ] 3
o g E— s

= n

l Tyramine

B-hydroxylase(TEH)
ol Tyramine2| HO 24 X3t

p; HO
[/Q\T”-m/‘ﬂl + H,0 + 0, Histamine oxidase(HO) O\i
f T T T i e e e e e =
no” = Octopamine Very weak activity H + NH; + o,
S
Histamine oxidase( HO CHO x
\j\/\ +H0 +0 (f H,0,
N NH, 2 2 Strong activity + NH; +H;0;

histamine
@ ; Arnplex Red - o8
: e® 588
o0 @© X
" » ¢ o o @
°E, e oea
~ 0090 @]
TIryr @
R ﬂaaﬂﬁibbil
Histamine accurate assay klt . 1 | Resorufin
for quantitative analysis Amax 570 nm
Ex 570 nm
Em 585 nm

Y 10. 328 AsEAe By FAsEAY dur-S(cascade)S o] &3 3| 2E
" A BAL histamine accurate assay kit9 /ML AE L

= WAl whgo] sisalt. A4 AE Saas A4
Aol w7te] Auel AE o] glojA o F WA AASAY mUEH HAls

7] A A Ax AR BAZHR]D FE glo] AT 5 e FAE S=EE A

- 3% 952 Amplex red®] F9olE Fol o5 ok e =g YFHA BHo| 7}

SHEE A4 @ANAE A4 AN B ol vad FUd 4 ANE FHOE I

[e-

o} A
3 g g3 o] ofEH L EAA-C At ¥% 952 Amplex red |g&3igs g
FEAANE o] &ttd wl-¢- AU A EHo] E&4A VT ALE dddHT
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10% K00,

A DA ar HO a aH
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2. =U9 ZeAE d3

O szl A= 7IEQ] =e] A+ &%

A R
o FUelA SRR AEd BEste] ks HOASE ol EA8ks kol oAy of
EUE ol Azkst Aol W) AR AE AE Ve v v dEolt

« arhstal &t

W ATYE vhol oAy ob¥l AAE fush: SERk ukgol

WA S 7hEsh=

(fusion (monoamine oxidase) (GGGGS)2 {Fu‘trescine oxidase

enzyme) linker
NH,* + R-CHO 4-/&_. H;0; R-CHO + NH,*

Colorless dye Color dye
(4-amincantipyrine + (Measured
hydroxyl benzoate) at 540 nm)

H,0

aY 14. FEF A (Putrescine)A3t&E A (PU0)SF MAOE S33ld E58FHo = nt
o] AY o7l A& WHE AT (J. Agric. Food Chem., 2013, 61, 9118-9124)

i
WaE Adoton Agad ooy oue AEFeR oF s APEF ANE
2

woll i gk

o FH aH gty AYgd AT A= Monoamine oxidase(MAO)E o] &3 @A%<l nlo] o
Adeinl AL 24 =1 2 S 5 F9 AFE oA A=, 9F, uFgel Wdt wiel
Ay ol BUEHe #3 AFE FHFAUL. o] AFEL we|AlY ofWl FolA FE
g4 (Putrescine)ell tigk SeolA<l Atstasd (PUO)YF MAOE &&stel 2% dd EAlshs
wientol @ A Yolulnt FEAMN FFS FYHoR S YRIuE AUstsgi
4).

Biogenic monoamines Biogenic
HoN-CHy HaN=CH, HaN-GH; i diamine
TH, CH, CH H,
HaM
Tryptamine  2-Phenylethylamine O Tyramine  Histamine Putrescine
\
MAPO AMAO2 APUO
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« () E ool A Hol oA oflE FEElA A e TIE TS A T oy, o=
A A3 Well EA)8ks e vpo]l eAlY ofrle #AeY] A7 J|E2N A4 slelA =

Fabz BASE dolA Bl Al HE VIE SIS obA JE A Stskal gl

g ) A A
damm A% 4F V1R S2ENe A4 ANE AER FEHE 49 FHOE 9

2EH o] &AE o] &3t AAYAS gaaagyts BAH(ELISA) 7]4Hke] 3] ~Elyl A
E7F e oe] A #n] Fof dti(1® 5). Neogen AbolA] Alert for histamine FEE
Veratox for histamine ¢ tgs AFoz /dso] dAl Fgulolx Y=o F4t
2

2 AFE WolA slzEl HES A AS A e AREshar ItHE 6).

e
X

- e v

19 15. 3| 2EH Eo] &AE o] L3 Neogen At AEFE. (A) AAFEAE 3284 A
& 7]E9Ql Alert for histamine, (B) AFEAE 3|2¥l¥l AZE J]EQ Veratox for
histamine

S gamgubeE Aol s o] e Fofl U AAF dF A ALEE] ERbe HA
BHHa g e Arel A Toz Qi #F4& 7w HEE 9% histamine

oxidase(HO)%} histamine dehydrogenase (HDH)E 7|23t 4 H 9 e 5o
TEHE #d ATE =3 T AL}

F < Bioo scientific At E o]8d #H &4 FolA] histamine dehydrogenase (HDH)
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21+ Bioo scientific Aol 934 MaxSignal Histamine Enzymatic Assay Kit® 7]33}o]
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Competitive Enzyme immunoassay method

YYYYYYYY  sonmmwooonme

with antibody

labelled antigen

v Vv *
vvv" * :** Add free and

Ve

Y Y Y Y * * * ? free and labelled
antigen are captured

o+ H,0, o,
> T.NH;\- 2 K‘{Nu
I <2H {
HC. - L\ e HC A Aoy,
I +2H J

Color formation by
Oxidation of substrate into
a colored compound

a% 16. 3|&ER Ho| FAE o8 AL asxdgutsE

o & FAlA AlbekE &4 7] S| 2E HE 7S 7] /iE¥ MaxSignal Histamine

Enzymatic Assay Kitoll A AFg&3F= HDH7F o}d HOZE o] &3t 9o HOZF ztE 3|~

Woofol] e wpol oAy ofyl 53] Elgpule] i vk Solk wAlE sjAstr] ffeir

Asta s 9 olgstrr M TIE a4 7N HAE Vs gE vleolvh ER, HA

o

j=Xe)
=

HE 7

A
H 50 WST-83 &= tfE H|Eo|A e EA7F ©& &34 52 Amplex red® e &

4
1 DAOSSH AR® 2FY ARE ASHER 4R dxuie] dF AL A%

E 7lzo] E Ao JgEy. ol M2
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3. d7d g R 2%

A=A A D-05

[FAEA T E) A3 e 2 23

[ALAR] AZG 7L o &3 sk Eash Fastas 44 2 Sleu A% 4% /129 4

A8 8 AFES (Fvbe 2m2)

B AZE 71&S o] &% 3| 2ebd 4k3l& 2 (Histamine oxidase; HO)Y A= (1E717 A=)

Histamine oxidaseE pGEX vectord del= BL21(DE3) codon plus competent cellol
transformationsS 3ttt 7|14 AL colony % 3FUE LB media 3mloll HF3ste] 37C
shaking incubatorell Al overnight(O/N)2e & 7]-&t}.
e @ A2 LB media 300mlel cell 3mlE #HE3ta 37ColA 180rpme® O.D.
600=0.8~1°] HEZ 7] & IPTG final 0.1mMe] HEZ Y1 18CoA 180rpmo =
AL BIAAAT, 29 Fo] 58 =9 8000rpme.E cell downg 3 F lysis buffer(PBS
pH7.5, 1Img/ml lysozyme, 1mM PMSF) 10mlZ cell& Eo]Fut.

3% ¢t Sonication(pulse on 5s/off 15s)2 F33k & 158 F<F 4T 12000rpmo. =2

centrifugations 2 A|3}4] soluble proteing €=t 0.45mm<] cellulose acetate membrane

© 7 filtering¥ GSTtrap column¥ AKTA purifier(GE Healthcare Life Sciences)E ©]-&3}
of e HAE AASH3T.

GST binding buffer= PBS  buffer(pH 7.5)& ©¢]&3}93, Elution buffer2+ 50mM

Tris—-HCl (pH 6.5), 20% glycerol, 10mM Glutathione® & <H]3}% 31, soluble proteine

Elution buffer 30% ©llA &Z(elution)dt3l amicon ultra 50K deviceE ©]-&38}¢]

5.5mg/mle] histamine oxidasel % F=3}%ic}.

NGC(bio-rad)®} Superdex 200 column (26/75)L o]&3ste] wwa AAZE 2AA sty )

buffer= PBS buffer, pH 7.45 ©]&3}9 %2 0.8 ml/min® = 3} th. Amicon ultra 50K

deviceE ©]&3to] 5533

Ay, a2y 17904 B vkel o] dimer FE|E 84 kDa® GST iAol &M < 110
kDa®] A7|= Hxo] AAPE e = UAAgrh FIe & Tde] E. coliolA
olFE #AeT F 9dem 53] soluble 3 FEl® AAZF 7hed A3 HOS 23
g 4 Atk o]& GSTtrap columno =2 AAE = JAJATHLH17 lined). B} AEE
7] 9lelA] NGC(bio-rad)¥ Superdex 200 column (26/75)& o]-&3ale] @ud A= A
A3 a9 183 2L gel chromatographyE o] ZF £33 & HAAE=E v ~EsHST.

AEE Fo]7] Y3 gel chromatographyS o] &3FR A9t 18 2004 HE= wiel Zo] =&

Ao HOE 94 XA &4 54 3 A 24 23 A9 AAle Aol 21553t

)
9
u

e
tlo
_I i
Lo,

s
o

>
ol
2L

=
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I 17. AZE S|l Asaide] dFFA EE 1.
IPTG induction ©]F AX 3 <4; 2. IPTG induction ©]
T AE g Y; 3. AE FH Y FAA soluble T FH
Al&; 4. GST-column® 2 AA 3 3|2l A3l a 4 (HO).

NS | ADNTT  MIBATT  MIBATD AOBANT NRAST WBAS © Legend
$l00m)
# Conduciy
W dpen e
o Frctns
[ 3how ey
] how ke

£

dlara st andl Aapnga e 5

Tk

=

......................................

2% 18. Superdex 200 column< ©]&3% pGEX HO £3 AA

i

St Aot +
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1 2 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 34 35 36 37 38

2% 19. Superdex 200 columng ©]&3% pGEX HO purification® SDS-PAGE (12%
Tris—Glycine) 1. marker; 2. loading & sample; 13-283 34-28. Superdex 200 columnl.&

@ 28 A=g

¥ 20. Superdex 200
column £3(13-26)%
5% HOS| SDS PAGE
23

_30_




B AxE 71&S o] &% Elgwl $4H3l & A (tyramine f-hydroxylase; TBH) ¢ AZX (YE7 &
A=rd))

() g9 F=43tax 249 9 £33 ZA
1) BL21(DE3) competent cell& ©]-&% pGEX TBH¢ &8 AA
Human cDNAZFE TRH FAAE grsto] oS Axdste] el E3A717] 98t
of AEet ot digarol A e HHEA F= AAE AT o= Human 2 TRH7}
el Ads gA FEEA Kshr] wiEdl sew ®Hoth 7|E AEstE Axd TRH
v TS o83 AxF dFe] ol Cho MEAA THAAA A o] FALY
At AF3HE A= Cho Al TdolA dolxe AF37E o H 7] wjitol el A
W A 7] 7] Y8l human ©] obd Caenorhabditis elegans ¢ TRH(CeTBH)ZE o &+l A
LA 7] 7] Qe 229 2 28 ZAE vAl A=l

Caenorhabditis elegans TRH(CeTBH) +dA} (1758bp)E & wolA HU gayfzxo=z
B sl7] el el codon®® codon optimizationg 3 ¥ FASACY. A2 CeT
BH FAAE pGEX vectord ¥e|= BL21(DE3) codon plus competent cell®l
transformationg 3}tk o47|4 A& colony + dHE 50 ug/ml ampicilling H7}3k
LB media 10 mlell Z33}e] 37C shaking incubatorol Al overnight(O/N)e.& 7]&t}.
S 2 150 ml LB mediume] 1 % seed cells, 50 ug/ml ampicilling 7} & 37 Cd
41 180 rpm & & ODgoo 0.8-1.07}A4] 7] v IPTG final 0.5 mM¢| ¥ %% ¥ 18 C
o 4] 180 rpme.& overnight &2 7]¢t} & & 4 ColA 15 £ =<F 8000 rpmo. &
centrifuge® 3t t}. cell down¥ pelletS PBS buffer, pH 7.4 10 ml® ZojF E}% 3
£ %< sonication(pulse on 5s/off 15s)S A% 3 4000 rpm, 4 ColA 30 & &<t

centrifugationd}t®] soluble proteing L=t} 0.45 um cellulose acetate membrane<-

o] &3} filtering 3%t}

AR, ¥ 2164 B ukel o] TRH| 68kDadll GST Elel ©)slA 93kDao] A=

del o] ¥ ey g2l 2dE Axd TpHO @A o] insoluble
G HHlE e ZA 2 24 HZES FAIVE loemg olE sjAsty] A
competent celldl]l solubled}A & 4= A== chaperoned Zo] Yo Htg 9 AA S A=

sheie.
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100
78

a4 21. pGEX TBHY inductiond}
soluble test SDS-PAGE (12%
Tris—Glycine) 1. marker; 2,
IPTG induction ©]& AX 3} H;
lane 3, IPTG induction ©]§% MX
g A; lane 4, AE T Fo
A] soluble ¥ FE ] AR

2) Chaperong °]-&% Elgtvl itstask &8 A

7}. pTf16/BL21(DE3) competent cell& ©]-&3 pGEX TBHS £& AA
CeTBHZ soluble 8|2 2&3}7] 938 chaperon F4d4¢1 pTf16<S BL21(DE3) codon
plus competent cello] A% £ o] competent cello]l pGEX TBHE transformations
ahith 9714 9L colony & 3HE 50 ug/ml ampicillin, 0.5 mg/ml L-Arabinose<}
20 ug/ml Chloramphenicols #7}% LB media 10 mlol H%3led 37C shaking
incubatorol A overnight(O/N)2.2 7]t} S ¥ 150 ml LB mediumo] 1 % seed
cells, 50 ug/ml ampicillin, 0.5 mg/ml L-Arabinose® 20 ug/ml Chloramphenicols
7F % 37 CollA 180 rpm2 & ODgoo 0.8-1.07F4] 7] th& IPTG final 0.5 mMo] %=
2 Wi 18 ColA 180 rpme= overnighto2 7]&th thd 2 4 ColA 15 & &<t
8000 rpmO.Z centrifugeE 3t} cell down® pellet2 PBS buffer, pH 7.4 10 mlZ
Zol&E t}e 3% 59 sonication(pulse on 5s/off 15s)S AAE 3 4000 rpm, 4 Ceoll A

30 & =9 centrifugationd}®] soluble proteins AUt}
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19 22. pTf16/BL21(DE3) competent cellS
o]-83% pGEX TBH¢ SDS-PAGE Z# (12%
Tris-Glycine) 1. marker; 2, IPTG induction
o] MXE 34 9; lane 3, IPTG induction ©]
F AX 49 lane 4. AXE I FoA
soluble 3 FEfe] AE; lane 5. A|E A
Z A insoluble 3 FEfo] AR

I A a7 220014 Kz ukel o] chaperong o] Wol wAAZl Ay BL21(DE3)
competent U ©]&dt= ARt FdAZFo] SR 2™ insoluble g 3 Ejo] vyl
dol WokARt I ABT solulbe & FEje] wujdo] Frfsts Ao nlome oF
0.45 um cellulose acetate membraned ©|&3}o] filtering & AKTA purifier(GE
Healthcare Life Sciences)®} HiTrap TALON crude (5 ml) column %3+ GSTtrap FF
(5 mD columng o]&ste] wd AAZS AASSTE. GST binding buffer= PBS
buffer(pH 7.4)°]al elution buffer= 50 mM Tris-Cl(pH 6.5), 10 mM Glutathion© =&
FH]8t3tl. Soluble protein® Z+7+9] elution buffer 100 %olA £&3}313L amicon
ultra 30K deviceZE ©]&3to] 5=3t9 k. 1000 rpmolA 5 & ¢ centrifuge ¥ pellet
< Induction ZF79AM+E= (PBS buffer, pH 74 + 1 % SDS)E resuspension %
sonicationg 3 T 100 CTollA 5 ¥ &<t incubation ¥ SDS-PAGEZ 218} 3ith.
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a9 23. GST columne ©]&% pGEX TBH &3 HA

i 2 3 4 5 6 45 W 3 42

a3 23. GST columne ©]&% pGEX TBH #8 AA¥ SDS-PAGE
(12% Tris-Glycine) 1. marker 2. loading A sample 3-12. elution
buffer 100 %= £Z3} sample

e, GST Ao AAlsd ot e AAHA kernz pGEXZ TRHE =243t
Ao His BlZo] GA] Hof lom=a GST ZHo] ol His ZH O = HiTrap AHE ©]
L3t BYAAZ A %3 HiTrap bindig buffers 20 mM sodium phosphate(pH
7.5), 500 mM NaCl, 5 mM Imidazole ©]83}% 1L, elution buffere= 20 mM sodium
phosphate(pH 7.5), 500 mM NaCl, 500 mM Imidazole®©.Z elution buffer 100 %2 .=
4Z3F9 amicon ultra 30K deviceE ©]&3to] =3kl th 1000 rpmelAl 5 & &<t

centrifuge ¥ pellet2 Induction ZZA|A+E (PBS buffer, pH 74 + 1 % SDS)E
SDS-PAGE

resuspension ¥ sonicationg ¢ T 100 CeolA 5 & &<t incubation $
=2 Zolsltt. Soluble Z7Aol A+ PBS buffer, pH 7.4% resuspension & sonication
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sk g 1000 rpmellA 5 & < centrifuge & AE5dS
incubation & &1 FolH, AT HE AAT ¥ P pelletS

1 % SDS)E resuspension % sonications 3F th2 100 TollA
SDS-PAGE® #els}gltt.

—— UV1_2800m —— UV2_2600m —— Cone

=
-

00 TeolA 5
(PBS buffer, pH 7.4

=
(¢

5 & %ot incubation

AAAAAAA

AAAAA
U=t i~ M VN

A A K|k

1 I I [} |
180

2
=

I3 24. His tagE ©]€3 pGEX TBH purification

1 2

B

18 25. His tagE ©]83 pGEX TPBH purificationd

3 45 6 7 & 9 10 11 12

SDS-PAGE (12%

Tris—Glycine) marker 2. loading A sample 3-12. elution buffer 100 %& &

Z73} sample

o

R4

+
e
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100
75

60

45

35

25

¥ 26. elution buffer 100 %2 £&3F
sample 40 ml& %% SDS-PAGE (12%
Tris-Glycine) 1. marker 2. his tagE& o] &3}
o &&% sample ¥5F 3. GST tagE °©]&3}
o £%3% sample? FFY

1 A3, His 2802 AAEA &gkes
o] = Fio] C-terminaldl SlojA EE| A Ao ZTAZF J&A B2 Z old 3] A}
317] 93] N-terminalel EjA3}7] 98] thA] S 243ste] TRHY Ha AAES F3)s¢loh

Y. pKJE7/BL21(DE3) competent cell2 o] &3 pET41b TRHY Ed AA
C-termainal®l GST tag”’} & pGEX$} ¥ N-terminalel ¢+ pET41b vectorgE o|&
atqlch. w3 CeTBHE soluble FElz 2A3t7] 918§ chaperon fF42¢l pKIE7S
BL21(DE3) codon plus competent celld] &2&HdE & o] competent celld] pGEX TRH
= transformations 3F{ATE A7) 4L colony & dUHE 50 ug/ml kanamycin, 0.5
mg/ml L-Arabinose®} 20 ug/ml Chloramphenicold %713 LB media 10 mlo] HZ3s}
o] 37C shaking incubatorol A overnight(O/N)2. &2 7]&t}. t}& ¥ 150 ml LB medium
o 1 % seed cells, 50 ug/ml kanamycin, 0.5 mg/ml L-Arabinose®} 20 ug/ml

()
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Chloramphenicol& 7} & 37 ColA 180 rpme & ODgyo 0.8-1.07}A 7]1% v PTG
final 0.5 mMo] HFEZ Y 18 ColA 180 rpml.E overnight® 7|2t} e & 4
CTolA 15 # H<oF 8000 rpme = centrifugeE 39T cell down¥ pellet2 PBS
buffer, pH 7.4 10 ml® #°]F ths 3% §<F sonication(pulse on 5s/off 15s)& A&

% 4000 rpm, 4 CollA 30 ¥ %<t centrifugationd}e] soluble proteing At}

a3 27. pKIE7/BL21(DE3) competent cell® ©]-&3F
pET41b TBH® SDS-PAGE (12% Tris—Glycine) 1.
marker; 2, IPTG induction ©]A AX 3; lane 3,
IPTG induction ©]% XX 3N lane 4. AE v} F
oA soluble ¥ FE|S] AlF; lane 5. AE i FolA
insoluble ¥ HEje] A8

I AdE 9 2594 B vkel o] chaperongs o]l Yo WA A HAHo=
g gfo]l 7HAst 24 insoluble 3 FEfo] @ d 3} {ALSEAl solulbe ¢ FEje] T
= AL g8 £ 9l o]= 0.45 um cellulose acetate membraneS ©]-&

3o filtering & AKTA purifier(GE Healthcare Life Sciences)®t GSTtrap FF (5 ml)
columns o] g&3sle] il AAES AAstt. GST binding buffers= PBS buffer(pH
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7.4)0] 3L elution buffer= 50 mM Tris—Cl(pH 6.5), 10 mM Glutathion®. & Z=H|s}3it}.
Soluble proteine Z+ZFe] elution buffer 100 %A 8%3}9 3 amicon ultra 30K
deviceE o] &35l FF3Uct. 1000 rpmollA 5 # B¢ centrifuge & pelletS
Induction 71| A= (PBS buffer, pH 7.4 + 1 % SDS)Z resuspension § sonication
< & g 100 CelA 5 ¥ < incubation § SDS-PAGEZ 213131t

=

—— Uv1_2800m —— UW2_260nm —— Conc m

19 28. GST tagE ©]&3 pET41b TRH ¥8 AA A=

i 223 4 5 & 7 ¢ 3 1 1 712

a9 29. GST tagE o]83 pET41b TBH purification® SDS-PAGE (12%
Tris—Glycine) 1. marker 2. loading A sample 3-12. elution buffer 100 %

2 £%3F sample

_38_




a3 30. elution buffer 100 %% £%3% sample
40 ml& FF¥ AHe SDS-PAGE (12%
Tris-Glycine) 1. marker 2. his tagZ o|-&3}d
£Z% sample 5% 3. GST tagE ©| &3t &&
3 sample 5%

o Ay, a3 299 30914 He vkel o] pKIE7/BL21(DE3) competent cellS ©]-&3}
of W@AIXl pET41b  TRHE 2de] HA &2 Ze=z  HFT  FAHn
pTf16/BL21(DE3) competent cell2 ©]&3% pGEX TRH7} dA7IA Aled F=d3} 2
d HEE 23 &% soluble JE7F TE = Ao g AdEo] o]F scale updte] TRH

o RegAE Amatr)
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t}. pTf16/BL21(DE3) competent cell& ©]&3 pGEX TPRHY scale up# size exclusion

chromatography S ©]83% AA|
pTf16/BL21(DE3) competent cell& ©]&3F pGEX TRHe| e HAE 0.6L= wljd3s}o]
EYAAE A =8, pTf16e BL21(DE3) codon plus competent cello] dd A3 &
o] competent celld] pGEX TBHZ transformation2 3ttt 7|4 & colony & 3}
UZE 50 ug/ml ampicillin, 0.5 mg/ml L-Arabinose®t 20 ug/ml ChloramphenicolS %7}
3 LB media 10 mlo] FZ38}e] 37C shaking incubatorell 4l overnight(O/N)S.&E 7]-$&
. & ¢ 1,350 ml(150 ml x 97} erlenmeyer flask) LB medium®] 1 % seed cells,

ol

50 ug/ml ampicillin, 0.5 mg/ml L-Arabinose®} 20 ug/ml Chloramphenicols 7} &
37 TCollA 180 rpme.= ODgyy 0.8-1.07}A] 7% t}e IPTG final 0.5 mMo| T =& ¥
3 18 TolA] 180 rpm&Z overnighte® 7|2tk & & 4 CToA 15 B < 8000
rpme %2 centrifugeE 33t} cell down¥ pelletd PBS buffer, pH 7.4 10 ml® o]+
t}S 3% B<F sonication(pulse on 5s/off 15s)S A A3 & 4000 rpm, 4 CollA 30 &
59l centrifugationd}®] soluble proteing Y+t 0.45 um cellulose acetate
membraneS ©]&3}e] filtering & AKTA purifier(GE Healthcare Life Sciences)$}t
HiTrap TALON crude (5 ml) columne ©o]&3sle] w¥ld AAE A& HiTrap
bindig buffer¥ 20 mM sodium phosphate(pH 7.5), 500 mM NaCl, 5 mM Imidazole<
o] &3} 11, elution buffer= 20 mM sodium phosphate(pH 7.5), 500 mM NaCl, 500
mM Imidazole® &2 <=H|3}5 T}, Soluble proteine Z}z}e] elution buffer 100 %olA &%
3913l amicon ultra 30K deviceE o]&3te] FF3GY. 5F3  sample
NGC(bio-rad)®} Superdex 200 column (26/75)S o]-&3slo] wuld AAZS 2 A% T)
buffere PBS buffer, pH 745 o]|&3}Y, %42 0.8 ml/min® = 3}t Amicon ultra

50K deviceE o]-&3to] %313t}

NLNT | NBATS | BN AQSARL | AIDAH | AOAT NABASS NSNS A 0 Logend

0\

owED W

¢ Show Annatatizns

ERCE A )

Lrvweas) i

[ i 4] @ o ] 1 u L 13

Column Volume = 121.00 ml »

193 31. Superdex 200 columng ©]&3 pGEX TRH &3 AA A3}
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12 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

28 32. Superdex 200 columne ©]&3 pGEX TBH purification® SDS-PAGE (12%

Tris—Glycine) 1. marker 2. loading A sample 11-36. elution buffer® -£Z3%t sample

1 2 3

100
75

2% 33. Superdex 200 columng ©]
€3 pGEX TBH purification?]
SDS-PAGE (12% Tris-Glycine)

1. marker 2. 11-287F4 amicon
50KZ %% TBH

A, 29 33¢0A4 B wkel o]l ®e o] TRHE A EXAAR &4 FH 2 A4

a e Aew FFdon v A2 Fom AFstetrlel dAA Az
FARoRE ofywol drhal waETh TRHY wd =71 2 g oo AR e & 2
3 AEZE o] &3 AMEZE ANE7t Zosvu dHs A7t A%E vEgoR B &

L AR A dude] A A4S A JhEstaat g




gatel E29ste] 2] AAG |~ Atstaae] HAsE AsA 71EAS 24 &
At s|2EbYl A8lEA 1 unitg 30C, pH 8.09] HkS ZHA 7]l
WS-t 1 uM/ming] st AE DA 7= HOY 4S 1 unite= A9
k. A3 HOY unitS 7371 Y8l 100 mM bicine (pH 8.0), 100 uM amplex
red, 1 mM histamine, 0.2 U/ml HRPE &% 3l Hk&-A| k3t HO 0.4 ug, 0.8 ugS kinetic

assay® A3}l T}.

==
=]

08 T 00—
07 4
; o
06 il PP
. _'#__@-—W
] F 4 o
e ——
_.fe e o
G4 ' M—r’
63 - _Q’—'o;-
/ o

0z | # e
A f: ,w"‘
vl o e

L

G 5 0 15 20 25 30

——3ul —e—16ul

a3 34. lunit $AFS 3 s|2ERl AstA Y &4 53, 100 mM
Bicine (pH 8.0, 100 uM Amplex Red, 1 mM histamine
dihydrochloride, 1/10 dilution histamine oxidase (0.5 mg/ml) of 8
ul or 16 ul at 30C

A, SRS AAEtea A vaste] 89lgk A3 5.95 Unit/ug o E4E
e Aow A% FA F AU
H202 std
03 . _‘H_/' + Calaton
02 f,,f/ Acthvty = B{<TxV)xD
- gt * B =H202 amount from the H202 standard curve
A o T =reachon bma (mi)
* V= sampl voume
10 20 30 40 50 v D= cion facter
2% 35. S|=EpRlel] gk S| 2ET Atgta i HiAsei A AR
S| AERRl Absta s ma @Al el A B 4 AR HHsE

°)E VEoR ¥
3

o & O 2~
AF AP 5
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2) 5428 =
thgst 2o s sl AEW gAhgAdol vx= 43S ASH] 918k Bicine buffer
(pH 8.0)°A4 714 ImM9 histamine2 931 938 100 mM9 amplex red, 0.2 Unit/ml
°] HRP #z1ellA histamine oxidase®] &A%d-S Z433ct. 18~30TeA F Afol7}
e AAQ] A4S Yo nz 5 93t g2 30T ueoA= A<l

AABHS U Ao YHd. e FF g LEE 30CE /FoR so] A

100
= a0
i
2 60
g 40
:‘1;

20

0

0 10 20 30 40 50 60
Temp. (C)

a3 36. Ogd 2=d 3] 3 2ed AsEasre a4 84 5 2% 1 mM of
histamine, 100 uM of amplex red, 0.2 U/ml of HRP, 2.5 Unit of Histamine
oxidase in 100 mM Bicine buffer(pH 8.0) for 30 min.
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3) 54843 pH
"2 FAo HAE Fhole FEE FASHY] diA thkd buffer 2719 A pHell O
SIA B 2El G4 HXE GEFS ZASFY T o]E )4 acetate buffer2% pH
49159 3l PIPES bufferi= pH 63} 79| ™3] Bicine bufferi= pH 83} 99 ojs] ZA}s}H
a1l wpA] 2o 2 carbonate buffer®+= pH 109 thdlA 3| =ElHl Aslaiol g4 FAS
S4ste] zAE Y. ol ko] 71E ImMeQl histamineS Y3 @& 100 mMe
amplex red, 0.2 Unit/ml¢] HRP Zo|A histamine oxidase?] &4 &4 S A3}

I 37. vge pH HHA A 32T Astasel &4 3 ZF. 100 mM
Acetate (pH 4.0 and 5.0), PIPES buffer (pH 6.0 and 7.0), Bicine buffer (pH
8.0 and 9.0) and carbonate buffer (pH 10.0) for 30 min. 1 mM of histamine,
100 uM of amplex red, 0.2 U/ml of HRP, 2.5 Unit of Histamine oxidase.

I Ay, s~ 4bsta e pH 7.00]8HY] W Aol o ALt 9.001/4e] =2 4
0] FrAA FASHA asgAde] HolX= g £ FholRFE g4 HYE UE

WAt s Aeql 2H3l & AE Biocine buffer pH 8.09014 7} ¢t A ola & &4 &4

<= YERAT
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S|=ENl AES S e FEAAANA AHEA

Methanolo] =2 olo thdt 3|=elyl 2atasel aihdAd dis) ARG, d7id
EDTA® &% 10mM o]stellA= d|2=ERl AES 913 54 G4 ol =
%tk 12} Methanol®] A-9-ol& 10% ol delAs 54 A4S Holmgl= 4345 4
o ady BE FA 2 AE A 34 FolAM 10%9] MethanolS AA2l ZAoA AL

B33 o FA vFL AEEA AYHLE 10%01He Methanol& AH&sHE ASle

of

AAAR] S|=El HEo] 7hed AoR FAHHEN,

Iy 38. AWEAA S WEgHE FE wE AW jgasre] a4 A S5
A A3}, (A) and Methanol at 100 mM Bicine buffer (pH 8.0) for 30 min.
1 mM of histamine, 100 uM of amplex red, 0.2 U/ml of HRP, 2.5 Unit of

Histamine oxidase.

5) 3| 2ElYl 43} & A (Histamine oxidase; HO)ol tig uzt= &4 5o ofst 43}
3]

= -
a3 AWEAdAQl EDTAS CyDTA Z12]3l Methanol®] -s%ol w& 32l k3l &
xo A3 ARe FAAT. BAE DAOSY B PEe FEE 2L U
ImM 9 W 7bg ebgAel EEA WA WS Egons ImMe A4 FEZ A

A3kt 10 mM Na-Bicine buffer (pH 8.0)°l4 1.0 mM histamine®] 3] 0.25 mM
4-aminoantipyrine® 1.0 mM DAOS, horseradish peroxidase (4 units/mD& Y1 T-%F
3 2% pH, gl AHEAd A EDTAF CyDTA 18] Methanol®] s%=o tis] 3|2

B Ea B4S Al wAdmel tal AA8E AT
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(A) (B)

& £100

::E' 80 E- 80 4

£ 60 £ 60 -

- -

. 40 p 40

£ £

% u ' s 9

= 0 12 14 = 0 10 40 60

Temp (T)

) _ ) _

F 100 100

z 80 z 80

= 60 £ 60

[ e

< 40 < 40 4

@ =

Z 20 = 20

= =

0 - . = 0
AR 1 4 6 8 10 £ o : 4 6 10
EDTA (mM) CyDTA (mM)

(E)

F 100

= 80

£ 60

=

< 40

&

£ 20

=

= 0

= . . . .

0 60

MtOH (%)

a9 39. ggd xAdAY Astaie a4 &4 54 A% (A pH, B
temperautue, (C) EDTA, (D) CyDTA and (E) methanol at 10 mM Bicine
buffer (pH 8.0) for 30 min. 1 mM of histamine, 1mM of DAOS, 4 U/ml
of HRP, 2.5 Unit of Histamine oxidase.

18~30CelA Fg# < a4 2
agdAe] AstH = Ade Ao AdddA = EDTASH CyDTAS] skl utel 2AMSHS
S w H7bE EDTAY 5% 5mM ot A= 3| ~EYl HES 913 a4 A od o
P FA FU 10mMolA] Fgbel] w4 24 AsE JERAT 18y CyDTAS 45
o 2mM ool AT AES 93 54 TS FAG dojxmege 23 o
Ak o)dl A= F§ AAY AAANA AR AUSEAE AT o FT ool
A el PAo| - A5 AFE-SF= Methanolo] st &S A Aye g ¢

ZAMGE Aol wfg- fARS AdE AT S,

BRIl o 20% ol el A= FAGA 54 9] AskE YER AT
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(2) 3d]2Et¥l A3 7 A (Histamine oxidase; HO)S &4 HAEE F3 FH 3
S|=Epwl kst g 4o A Bl g dEd disiA FHAse A3E vg o R gt nlol e
AY ofwle] Ulgt 71A Eo|AdS FAVEI A 7 AR s 5 2EY &S HPLC W
7} Hlwste] S 2EkY Astase] a4 S AT
n 3] 2Ebql AF3l & A (Histamine oxidase; HO)O| gk 712 Eo]A
e vl oA ofwle] tigk 7] d SeolAd& AN 9A8A H3E 7149 histamined]

o
o
>,
=4
2
o

A4 gaggdow ARSIAT. ol AREFE 7]HE& opn|:=Ate R tryptophan,

boa whol oAb o Rt

Olt

arginine, phenylalanine, glutamine, tyrosine < ©]&
phenylethylamine, agmatine, hydroxylamine, dopamine, tyramine, tryptamine,
putrescine, spermidine, cadaverine spermine < ©]&3t}. ZF Wb ZHES 10 mM
Na-Bicine buffer (pH 8.0)oA ¥A] Hk-&o] 9o+ 0.25 mM 4-aminoantipyrine®} 1.0
mM DAOS, horseradish peroxidase (4 units/mDE &3 w29 AHSd+= 100 mMY
amplex red, 0.2 Unit/ml®] HRP Zz1olA z}zke] 719 1mM sl A izl &

& e 28T

100

B0
68
(0
%
('
» ?
/
%
0 g
- z

]
o @-@ &

\_‘,@ & &

& F &‘._fli v ! ‘{S_

a9 40. 3| =EF A EAHO)S Hlo]l LAY ofxle] tid 54 4 S5A
A3}, Reactions were carried out at 30 T and pH 9.0 for 30 min. All
biogenic amines (1 mM) were used as the substrate. The substrates
specificities of HO were measured according to the method of the
coupling of HO with a peroxidase/DAOS system for colorimetric

enzyme assay method.

I A3, 3|2Edl Asla sl 71 5ol BE ofuibe e ulg w2 a4 4
< YEA oY vo] A ofle] disfix e wig- thE a4 S-S BT vl oAy
ol FofA HE-o}lWlel phenylethylamine, dopamine, tyramine % Ryptamine©| t3a}jA+=
AdHez 2 a4 42 YRl ey, tolwll putrescine, spermidine, cadaverine,

spermine o HsidE AHH R 25%0]sle] @& a4 FAHNE=E YERUY. Exolvl
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o

=) A phenylethylamine ¥ tyramineo] W3l =& &4 A4S YHell ATt dopamine®

tryptamine =o] thalrE @$e @k AL Jehgd). oo wE &k

=ol7] 9l &4 A =k Exo}TIQl henylethylamine ¥} tyramineol] tjs] ¥ 3 A]
E

0] S 2B %

249 Eolge

ax
iy

71ES JNEstaat g

il

e 5k AAYE B 549 So|w

B Bl &Y 438} &4 (Tyramine B-hydroxylase; TBH)S &4 H 33
(1) Microplate readerZ ©]-&3 TRHY activity assay
n B2 Al E A 4o W2 activity assay
gyl A8 & A~ R&D Systems(Recombinant Human Tyramine B-Hydroxylase; rh TR
H)oll Al F-ufsled activity assay protocol®= Ztiadte] 23S 3P H ). Assay buffers=
0.1 M Sodium acetate(pH 5.0), 0.5 uM CuClyZ A}&3993, 10 mM Tyramine, 10 mM
N,N-Dimethyl-p-phenylenediamine(DMPD)¢} oj2] Z71¢] rhDBH®| 45 %7138l (total
volume 100 ul) absorbance 515 nmolA kinetic mode® 60 & =<t activity® <18

.

|

£

=

5]

2 ff’w M ——0 ug

w 06

2 f —8=0.05 Ug

g b o AR PP

E 04 . W M i e e —ir=01 ug

§ !V == ()3 UG

K- i

L UL =015 ug
—#=—1.0 ug

Time (min)

19 41. rhTBHY ¥l @& &4 A HXE

I A3, HUbE e gyl FAkstaso] o] Skl wel a4 whgol FUHES &g &
At o] FollA HAg gebdl a4 wbg 23S 0.5 ug rhTpHE H7Fe wf 3080 vt
Q No-E olE i A Ao A gHewl
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2) pHell & E&9l 48t 4 9] activity assay
10 mM Tyramine, 10 mM DMPD3} 0.5 ug rhTBHE % 7}8}aL assay buffere] pH Z7S

%
=
223t absorbance 515 nmol Al kinetic mode® 60 & =<t activityS &2l18t3ith.

Assay buffer =4

100 mM Sodium acetate, pH 4.0 + 0.5 uM CuCl,
100 mM Sodium acetate, pH 4.5 + 0.5 uM CuCl,
100 mM Sodium acetate, pH 5.0 + 0.5 uM CuCl,
100 mM Sodium acetate, pH 5.5 + 0.5 uM CuCl,
100 mM MES, pH 6.0 + 0.5 uM CuCly

100 mM MES, pH 6.5 + 0.5 uM CuCly

100 mM Tris—Cl, pH 7.0 + 0.5 uM CuCly

100 mM Tris—Cl, pH 8.0 + 0.5 uM CuCl;

—t=pH 4.0
—8=pH 45

= pH 5.0
i H 5.5
—4=pH 6.0
—e=pH 6.5

Absorbance of 515nm

it pH 7.0

0 - T T T T T 1 —DH a0
] 10 20 30 40 50 60

Time {min)

I 42, pHAll wE ElEY F4slakte 84 A HAE

pH bufferd] W& &4 @45 FA3ste] AHg pH buffer 2715 2ASE A3 pH 5.
0.1M Sodium acetateE Al£39S

o}
=Ao)| A3 pH buffer® A3}
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3) &x° WZ gy FAEaA9 activity assay

Assay buffers= 0.1 M Sodium acetate(pH 5.0), 0.5 uM CuClyE AF&3}+% 3L, 0.5 ug rhD
BH, 10 mM Tyramine®} 10 mM DMPD-S& #H7}stoi(total volume 100 ul) absorbance
515 nmollA kinetic mode® 60 & &<t activity® &<lsSi o).

0.8
E
=
L]
L
Ly
©
Q
fud
=
g
=]
L]
4
=L
Time (min)
=—p==ro0m temperature =—l==30eC  =—e=379C
a9 43, 25 GE EHEw S ELY 84 54 HAE
2xo WE &4 FAHE SHG Y HHI 2x 2HS A Ay, AL 2XoA v
xS Hedidled 54 24 S A 22 37 T2 A3t

4) CuCly =9 W& =99 FA3La 4 9] activity assay

Assay buffers 0.1 M Sodium acetate(pH 5.0)3 o428 5% CuClE A7}t AFE3S
31, 0.5 ug rhDBH, 10 mM Tyramine® 10 mM DMPDE #H7}slod(total volume 100 ul)
absorbance 515 nmollA] kinetic mode® 60 ¥ &<t activityE 22 &F3Ath.

3

=0 uM
=8=05 uM

e drieded

=1 UM

[N}

(0

=10 uM

=2=50 uM

=—=100 uM

[

Absorbance of 515nm

—200 UM

=300 UM

=1 mM

=8=5 mM

=dr=10 mM

Time (min)

18 44. CuCly; v=d wE gaq FA3aie &4 S HXE




FAaksta i) dgu¥nt ofyEt CuCle §%=7F DMPDe] W&ol
Ao delA A= CuCld v% A3}, CuCld %7}
S7hskE Ao YEsth ol Elghwl Ftslase] &4 ot
o2 FekE),

1=
[€)
208 2AR

Y
o
fu
N
o
po)

5) Tyramine FEd| & Egv F£4sta4 9] activity assay

Assay buffers 0.1 M Sodium acetate(pH 5.0), 0.5 uM CuCly 1 mM CuClE A&
&3, 0.5 ug rhTRH, 10 mM DMPDe} o8] 5%9 tyramines #H7}8lo(total volume
100 ul) absorbance 515 nmollA] kinetic mode® 60 & &< activityE 2<Q18F3ith.

T
T

03

50

20 30 40 60

£ £
wn n
; =l

g e
5 O mM % e 1M
g =—5 mM g =5 mM
£, =
£ =R 3 —i=10 mM
g 5
2, =20 mM 2 =20 mM
=

—#=30 mM * =30 MM

20

30

40

50

60

Time (min)

Time (min)

¥ 45. tyramine ¥%X9] El#@W $A3a4e 84 A HAE 9%; Assay buffer :
0.1 M Sodium acetate(pH 5.0), 0.5 uM CuCly;, 2&%; Assay buffer : 0.1 M Sodium
acetate(pH 5.0), 1 mM CuCl;

6) DMPD &%o] & Z39 FA3la 49 activity assay
Assay buffer= 0.1 M Sodium acetate(pH 5.0), 0.5 uM CuCly 1 mM CuClLE A&
0.5 ug rhDBH, 10 mM tyramine®} & %<9 DMPDS #H7}sto](total volume

100 ul) absorbance 515 nmolA kinetic mode® 60 & =< activityE &-el13}9 o},

T
=

st an,

Absorbance of 515nm

03

L=
Lo

=
=

Abzorbance of S15nm

a0

0 b1 i) 30

P
w

V]

P
i

=

=
i

== b
=5 i
—d— 10 mM
e B0 1y A

30 mM

=0

Time (min)

I% 46. DMPD x| n&

Tirme {min)

EEwl FAstase 84 54 A3 9%, Assay buffer

: 0.1 M Sodium acetate(pH 5.0), 0.5 uM CuCl, 2E&%,; Assay buffer : 0.1 M

Sodium acetate(pH 5.0), 1 mM CuCl,
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mM
olo welxs 1 mM CuCl®l w%7F A4k gepwl FAikstgso S48 fAsk=d 43
HoZ welrh

7) Cloningsle #2 AAE T3 A TRHe Fuid gHatwl F43tas9 activity
assay H| L

Cloningdle] &2 AAZ Ha AAsk TRH R&D Systemsol A ot rhTBHS activity
assay= H| kTt Assay buffer= 0.1 M Sodium acetate(pH 5.0), 0.5 uM CuCl,E A}
€313, 10 mM Tyramine, 10 mM N,N-Dimethyl-p-phenylenediamine(DMPD)$} &=
3 TBRH 50 ul == 0.5 ugd TRHE H7F3so(total volume 100 ul) absorbance 515 nm
o

2] kinetic mode® 60 & &9 activityE <18} T}

0.25
£ 0.2
£
W
=
% 0.15
= =0 ug
E
E 0.1 =l=0.5ug
a e 50 Ul
<

=
=]
b3

0 b T i T i “T 1
] 10 20 30 40 50 60
Time (min)

19 47. cloning ¥ TBH(EA)S R&D system®] TRH(HAM)S &4
g4 &4 v

7 A3, Cloning¥ 28] BAE &3 AAAom Aikg TRHE @45 R&D Systemsell A
T ulgh rhTBHO| activity assay® Hlugh A3 A4S 7ML das g0 + dslen
49 g & units SATHA FEoH AE3E TRHE tiAld & A+
3y ARster] flsiA e Buh aaAolal Hg ARl s

& %98 Dot vk

B
%0,
52
)

2
o
o2
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(2) HPLCE o]-&3% DRHY activity assay

Tyrosine Tyramine
COOH decarboxylase B-hydroxylase
CH CHzNH, ——)@CH sCHzNH, —-)/@CH —CHzNH,
OH
Tyrosine Tyramine Octopamine
a9 48. vHlo]AY oldl FolA tyramined] AFAZFL WY H=ZY FH a4

3 HO7} 3|2~gdl 2l& HAEo a¥4d oA %t T2 monoamine £3] tyramineo] W3l =
a4 A4S 7 ERE S 2ENThS HEFehedl AFESshldl AjtelA] gvh. mekA TRHE
€3] tyramines octopaminelZ W3 o T Eo|LE wo|luxl = o]#d TRHY

u

iH3-S HPLCE S8 &4 83l

0

flo Mo

£

=
& A4S E3 tyramine?] octapaminelZ WY

ol

1) HPLC %9 HE ¥4y
0.1 M Sodium acetate(pH 5.0)9] 0.5 ug TBH, 2 uM CuSO;, 10 mM fumarate, 4 mM
sodium ascorbate, 1 mM tyramine, 650 unit catalase(total volume 400 uD& Yil 37
TolA 1 AlZF &9F shakingdlW A incubationd}$ith. 100 CelA 5 & &<t incubatione
Fal ¥hgS #ula 13,000 rpmollA 5 & F<F centrifugation® YTl S NS HPLC vial
2 %713 0.1 M Sodium acetate(pH 5.0)= 100 ulE 7}y tHtotal volume 500 ul).
o] HPLC(Beckman coulter)e]l 20 ulE injectiong@Ut}). o]wW] reversed phase C18
column(shideido, capcell pak C18 MG IO S5 / 94A74 5 um, W74 4.6 mm, Z°] 250
mm)eZ 254 nmolA AESRTE o]EAOEE golution A ¢ HPLC grade water
containing 0.1 % TFA, solution B : Acetonitrile containing 0.1 % TFAES Alg&3 o
flow rate 1 ml/min©. & gradient 5 to 100 % in 30 £¢ Z@doz2 EA3t},
AZ" A5Y Fo| octopamine?] 42> HPLCE o] &34 #4138 octopamine standard

curveol] ths] Az B3] A8 N £ octopamine ¥S A B3}

2) HPLC %<& ©]-83F octopamine % £4 Az

HE ol&ste] A8, 7 sRAA 2 AR sE vHre] A3s s
034(7]% &% 0.5 ug DBH, 2 uM CuSO4, 10 mM fumarate, 4 mM sodium ascorbate,
1 mM tyramine, 650 unit catalase). 7] &%942] octopamine®] w3 HE7S
standard curve® ©|&sto] =& 7 F L @ 100 %= 7lFo 2 sto] ALkt gltt.
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¥ 5. 7 249 =% td HPLC 7]9t9] octopamine AH £4]

Compound Concentration % Activity
0.05 ug 3.2
0.1 ug 7.0
TBH 0.3 ug 25.5
0.5 ug 100
1.0 ug 39.5
0 uM 3.6
100 uM 4.9
Tyramine 500 uM 12.4
1 mM 100
2 mM 19.6
0 uM 4.7
100 uM 13.6
) 1 mM 40.7
Sodium ascorbate 1 M 100
8 mM 26.6
12 mM 23.0
0 uM 58.9
100 uM 58.2
Fumarate 1 mM 6.2
5 mM 59.4
10 mM 100
15 mM 27.3
0 uM 5.9
0.5 uM 5.4
1 uM 9.0
copper(II) sulfate 5 uM 100
3 uM 37.0
5 uM 66.8
0 unit 4.6
100 unit 4.2
Catalase 300 unit 42.4
650 unit 100
800 unit 15.5

ole]3gl thoksk Z oA tyramine oA octopamine ©E 9] WS 3 TRHY &4 A9
HA H-E 2748 FAMSE A3, 0.5 ug TBH, 4 mM sodium ascobate, 10 mM furmarate, 2 uM
Copper (I1)sulfate, 650unit catalase ZZoA 7} ¢t 54 IS YehE Ao=w

w2
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7000000

5000000 =

4000000 //
3000000

2000000
/ y = 6008.x + 11565
1000000
‘,/ RL = 0.998

0 T T T

0 200 400 GO0 800 1000

Octopamine (ul)

% 49, HPLC WL 9]-&3t octopamine standard curve

(A) nese D et 1682250 m Dot 1682540 m faee
tasl test
4000 o H [-4000
s ] e
E
-
1 3
2000 4 ] 2000
i s . - T = - T v v v "“‘. R
oo 2.5 50 75 100 12,5 15.0 17.5 200 225 2540 s 00
Minutes
(B) 408 - 4.1 Min 111]
fant
|04 /\IIl t14)
i 2084 |{ \ 280
E g
1me 100
] Ao X
LR : T 13

480 458 S8 $50 1]

23 50. HPLC assay® 7|1 “&Xo] thgF HPLC spectrum (A) HPLC spectrum / 1. sodium
ascorbate 2. octopamine 3. fumarate 4. tyramine (B) octopamine®] UV spectrum

AL

mid

_55_



10ml9] 0.2 M perchloric acid® ¥ 9] o]Z hand-beld homogenizer® 2%7F u}3
shoitt. o] gk AlEel 100mg/kge] S| Z=EbWlE H7bgh Fo & Ao FAn. o] A=
2 N& EDTA-potassium bufferol A 20%-3F #<Q1 $o 438 Fo 13,000 rpmeZ 10&
°]5 Whatman No. 1 filter® Al 1A Gojgl& 3] A A3t
15 39 whgste] 7b7he] Al els HPLC WHo= s|2evl A5

Aol FA] A3 g FA W A Bl A S| 2E HES Aol E M

op
12
FU
o
Joh
5
ol
38
M g
o

F 6. FA A Fd FA A ABAMY BE AAT v

EDTA
Mean concentration
Concentration Spike recovery (%)
(ppm)
(mM)
10 96.75  (£0.6) 94.61
canned 20 11245 (£0.32) 112.75
tuna
50 109.5 (£0.54) 108.13
. 10 9543 (£3.4) 93.91
spicy
20 113.51  (£3.23) 111.72
canned
tuna 50 129.82  (£1.71) 138.32
TLoAT, ARk A A de A e disiA EDTA® H7F $=7F 20 mM <l

A s ek dA g AlddlE 20mM EDTAZF H7Fd EDTA-potassium bufferE & A
& fgk MEE dAste] AFNES Fdst B Agd dAHHE s HHEA
EDTA-potassium buffer #|&< $3] old tigh &5 Jagol= AFE FPST AF

o]
2R

EDTA-potssium buffer2 44 FE31%<S W 714 Hd A< 3485 Ho TR we
20
7l
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perchloric acid® ¥ 59| ©]Z hand-beld homogenizer® 2%3F 333}t o] 1}
& AZol 100mg/kg®] sl=EtlS 7k S & Ao FA o] AIE &N& 2087
B Fol A7 Fe] 13,000 rpmeE 1023 ¢4 #YAIZl F o]F Whatman No. 1
filter= A 1A Yolg]E M3 A7 ste] &AwrS 3]G, o] & 2W wWhEste] o

AEAE ma 7Nk U HPLC W o= 3|28 HE Ao AR 3ith

1) &4 719 HE 3

50 ml¥] AlE 9] 10 mM Na-Bicine buffer (pH 8.0)el4 1.0 mM histamine®] tl] 3]
0.25 mM 4-aminoantipyrine® 1.0 mM DAOS, horseradish peroxidase (4 units/mD<
Y3l 15 unit® histamine oxidaseE F7Fgk ¥H&- 250 mls H7Fste] 30TCoA] 303t
WS A7) HA 2 WelE 355 595nm oA microplate readerE o] -&3Fo] w413} T].

% EFH%E histamine standard curve o] tha] AsE BASte] A5 Lo 3 2E

FPRAMS o] &3 A= 50 mle] AlEN9 10 mM Na-Bicine buffer (pH 8.0)°l A
M histamine®] W& 0.25 mM 100 mM$e] amplex red, 0.2 Unit/ml¢] HRP & ¥
3 15 unit®] histamine oxidase® #7}g WFg 250 mls FH7bste] 30TCeolA 301t
HE2 Al 7| WA 7 A3tE @35S 350nm/450nm (Ex/Em)ol A microplate readerZ o]

],

2
5

o

ot

2

of BAEH T dA] HE IFFEE histamine standard curve o W] AL A
=

2) HPLC ¥4 = UH
Algdel EA8= histamine?] ol 1Fe] dansyl’]E £ HESI ol& $I81A

100 mle] Alg9e] 200 mle *E3}¥ sodium carbonateE Yol 34171 & 400 mlY

dansyl chloride £9(10 mg/ml in acetone)S ¥l 42 & 30To|A 307 AAd F+
o] Wk ATl Wke & O dansyl chlorideE #AA3sl7] €3l 100 mle L-proline
(100 mg/ml in D.W)S #7Fsk $ 1581F Aol A wbg3A I o] wkg &He] toluene

fAS Hrlele] A& Fo argon 7FAE FE QoA BRE EujE A AL H2 =S}
= pelletS acetonitrile® THA] ZHod A dansyl3t H A|gdL w53 o]5 HPLCE o] &

3fo] #2131t} o)Wl reversed phase C18 column(Jupiter 5m C18 250 x 4.6 mm,
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Phenomenex, UK)NA 254nmoll A #HZE3Ft}. oA o2

6 22 3t flow rate lml/min® = 3o E43}9 ).

water . acetonitrile = 4 :

AZEH ABY £ histamine?d %& HPLCE o]&a|x E213 histamine standard
curve o tiall A= FASt A5 FHof F|2El S A AT
3) &4 7|8tz HPLC 9 3| 28H HE vja A3
whAl gl g wbgS o] 83k g4 V|NE S| 2ElY AE WHI HPLC 7|Wke] S| ~EYl A&
WS 7)o WS o]l 8ske] A% At ofeel Aok
£ 7. ZAZ o] L3 32EH FHEO Uik HPLCE |83 W a4 4 vl

HAE A

Mean concentration
Method Spike recovery (%)
(ppm)
HPLC 29  (x0.5)
Unspike | Colorimetric
0.99 (£0.15)
d assay
Fluorometric
sample 14 (£0.02)
assay
HPLC 96.81 (+4.4) 9391 %
Colorimetric
Spiked 123.41  (£2.38) 122.42 %
assay
sample | Flyorometric
139.72  (£1.81) 138.32 %
assay
S| ~EHNlS AdfolAskA] e Almel tisiA wlg- xRt HE Rbgo]l YEiEd ole
njgke] SRl = upoloAly ofnle] i HEE Zlowm HoAY BE HE U
oA wg- tHHow A HEES SRlerh. S| 2ENlS Aufo]Agh A8 A foll=
HPLCe| ofgh ¥Ho] ®ry Auto]A3k ¢l 100 ppmel HlI&| WAl UgkAIw g a7]Rke]
A2 A vk B b U] B A debet AR v Qb Aol 9] 4
S WAL AR ES HolFdu adRrR 5 S3sta a7kl HPLC
E AHEsheE URES dAE 5 e dFY &7 s|aEN AE 71EY o] Ths
g Akl BoXn, ogg AdE V|Wro R Hu P Hola HolkE £l A Tl
G WS ke ARY 2a Vv saun HE 7E S A=glth
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(2) TpHS HOS ¥4 w¥k3-(double enzyme reaction)o]l 2% AE Al2® A 7

1) 4 A2 (DA0S)E ©]&% double enzyme reaction
0.1 M sodium acetate(pH 5.0)°l 0.5 ug DBH, 2 uM CuSO,, 10 mM fumarate, 4 mM
sodium ascorbate, 100 ppm tyramine, 650 unit catalase(total volume 100 uDE& ¥
37 CollA 1 ARF &<t shakingstHA] whgA 7tk 100 CollA 5 & &b WHSAIA &4
S TAAR Fell 13,000 rpmel A 5 & st AR 94 B E S8
A= 100 ulE 96-well plateo] %7]3 10 mM bicine(pH 9.0)°] 1 mM DAOS, 0.25
mM 4-Aminoantipyrine(4-AA), 4 U/ml HRP¢} 15 U/ml HOE #7}ske](total volume
300 ul) 30 CeollA absorbance 600 nmZ kinetic modeolA] 60 & FoF 2l W&S =
Aottt oL Ak A gkgo] 1§ 449} o] AAH = dAdS UEdT 4 a4 wkE
o] AR Tl o' Aol JAE st ZAJA Lolry] {3 47 ARS wE o
Zyzte] wke-S tiA] Eelsl A3, 1 A3 1™ 459 o] 10 mM fumarate =5 4 mM
sodium ascorbate©] A HALE HTE oo Z} FZmitl o Lol JAE Hol=X
= zAFe7] Y8 thA] furmarate®t sodium ascorbate®] z}zheo]l Fmwjr} Al HR-2-o] o
A ARZE FAF eIttt 1 A3 sodium ascorbate”’} double enzyme reaction®l A €]
T8 AEYe®= &3k 100 uM sodium ascorbate’} H7F2 wf @A A5 DAOSSH
o] Rhgol A A WG oA o] dojuh= AS AT 5 AArh wEka] & 2~ER I
lgpilel] tis] Elgile] HelkEg wFa SAuNe SolkE Fol7] $3 double
enzyme reaction®] DAOSE o]€& 4 Qlojal FTIs¥ 1 3 852 F2 ALEEA W
Amplex red= T2A9] WAl wkES 93k I8

Z Amplex redE ©]
L3 WA g2 double enzyme reaction Al AL&3 £ JdE=AE ZALsG T

0.8
0.6

0.4
—g=—double enzyme reaction

Absorbance of 600nm

0.2

foe o S e s e
[
0 20 40 &0

Time {min)

13 51. DAOS ¥ 85 9]&3% double enzyme reaction &-&3% 3|2epd 7
& 4%
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0.8 -

E

S

=3

E o6 4 == 100 ppm Histamine

o —=—5 ug DBH

("]

& —ie— 2 UM CuS04

& 0.4

E 10 MM fumarate

< 0.2 =4 i sodium ascorbate

~@— 5650 unit catalase

0 10 20 30 40 50 60

Time {min)

18 52. DAOS o]-&3F &Al uk8-o] 3t double enzyme reaction® Zt
F8 AR dig 9 HEE

2) 3% 9% (Amplex red)E ©]€3 double enzyme reaction
0.1 M sodium acetate(pH 5.0)°l 0.5 ug DBH, 2 uM CuSO4, 10 mM fumarate, 4 mM

01&
K

sodium ascorbate, 100 ppm tyramine, 650 unit catalase(total volume 100 ul)&
37 CellA 1 AR &<k &5 4014 wHEAIZE 100 CellA 5 & &< ¥HgAA ax
S TAAZ Fel 13,000 rpmel A 5 & st AR 494 B FP6H
Ayl 100 ulE 96-well plated] 7] 10 mM bicine(pH 9.0)°] 100 uM Amplex
red, 4 U/ml HRP¢ 15 U/ml HOE H7}sted(total volume 300 ul) 30 ColA
absorbance 570 nm® kinetic mode®lAl 60 & &< AT A3} T H-So 9lojA o
A g ARE HEPRAT ofd Aol ﬁxﬂ—% sk ARAA| gotr 7] 8l 7247k g
S wE go| Ar|o g oA WgAIA Felsglth. 1 243 10 mM fumarate E&
4 mM sodium ascorbateo] T W3S AASI= Flo] TR o] ik Z}7te| F
To thEk gkl ukSof wz= JgS FAFSAT 2 A3, Fumarateol H]3] sodium
ascorbateZ} BHA1 wlSo] We IS wxE= Aoz yEryth 18y}, ascorbate: 13}

= =
beoll SloiM Fojk diolmR Blu i gkeg HAagoR of
= Ao fu
o7

H

fs

Weel TpHE| &4
A= 4 mMe] =2 H7sh marates 719l oA Hk&o] Ho]X
A 7335t

&= 742 1 mM=E dobule enzyme reaction 72
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(A) Fumarate (uM)

E o3
8
- ——0
[=]
g —=—100
= —a— 500
2
2 —— 1000

0 ——5000

0 10 20 30 40 50 60
Time (min)
(B) Ascorbate (uM)

1
€ os
(=]
32
s 0.6 ——0
g =100
e 04
H —i— 500
3
< 1000

e 5000
0 10 20 30 a0 50 60
Time (min)

a9 53. Amplex redE ©]€3% LA w3 tidt (A) fumarate

Ik
FE¢ (B) sodium ascorbate FXo] wWE ZA dvk3-

Abeobance of 570 nm

2E

i8]

25 4 J

260

15 4

1.0 4
—— 100 pon hisambe
........ Qe = 05 g DEH
———y—— = I CuS0,

o -
—pee—ie = {0 M fumarens
— B — =4mi ssor
—_— =SS0 unt canaiase

oo

Q 10 0 30 40 7] =]

Time {rnin}

% 54, Amplex redE o] 83 oA uhgo] 3 double enzyme reaction®]
Z} F9 AE gt 9F H2E
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(A) =

L}
_-—-""'- Y
I

Absorbance of 570 nm

100 ppm histamine
+ 100 uM ascorbate
+ 500 uM ascorbate
+1 mM ascorbate
+2 mM ascorbate
+4 mM ascorbate

0.0 . : ; : : |
0 10 20 30 a0 50 &0

Time (min)

(B)

Absorbance of 570 nm

100 ppm histamine
+ 100 ul fumarate
+ 500 uM fumarate
+ 1 mM fumarate
+5mM fumarate
+10 mM fumarate

Time (min)

2% 55. Amplex redE o]&3% A "o thd (A) sodium ascorbate FE&
(B) fumarate FX° W& A k3 H2E

3) Double enzyme reaction & Z7A
0.1 M sodium acetate(pH 5.0)°] 0.5 ug TRH, 2 uM CuSO4, 1 mM fumarate, 4 mM
sodium ascorbate, 100 unit catalaseQ‘r 50 ul 100 ppm tyramine %=+ 50 ul 100 ppm

histamine(total volume 100 ul)& Y1 37 ColA 1 A7 Tk Mo]FHA WS A H T},
100 CollA 5 & T WESAIA &4 WSS TAAIZ Fo 13,000 rpmolA 5 & 5ot
QARG E 94 BEgE PR F5N 100 ul= 96-well plated] %7]32 100 mM

bicine(pH 9.5)°] 50 uM Amplex red, 4 U/ml HRP®} 15 U/ml HOZ #H7}3}ed(total
volume 300 ul) 30 CollA4] absorbance 570 nm=E kinetic mode°l| A 60 ¥ &oF A

¢ F499
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E 15
o
[
u
k-
el 1
E w1 00 ppm histamine
E == 100 ppm tyramine
2 05

0

1] 10 20 30 40 50 G0

Time {min)
19 56. Amplex red& o] &% 3|2e¥l A HAZE A] Double enzyme reactions
o]-&3t A& A}

3| 2~epdlo] Hl&] Elghvle] Wik HO2l 2 m-gof theh Soln s

1= ] A5 -
WHRE A%E 9e 5 Atk aey 308 o Fol® wgo
=

FA WEES 0o]ES 32HT A& e T AE JIEQ AAF v HXE

A W Fd FA A5 g& FAE AA YL &7 %A ¥ ¥ hand-beld
homogenizer® w23} 3tk 23 & #32 100 mge EDTA-potassium buffer 1 ml
(Biomax @ 10 mM bicine(pH 9.0), Bioo Scientific : 1x sample extraction buffer,
Neogen : PBS buffer(pH 7.4))S Y il vortexings 3F & 12,000 x gollA 10 & FoF
centrifugationdtgth, A=dML 045 um cellulose acetate membranes ©]8&3}o]
filtering 3t¥tt. BXeo] @A  histamine, tyramine, dopamine, tryptamine¥}

hydroxylamine< g5t}
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1) double enzyme reactions ©]-& 3% Histamine Assay Kit®] A|AE HZAZE

0.1 M sodium acetate(pH 5.0)°12 uM CuSOs4, 1 mM fumarate, 4 mM sodium

ascorbate, 100 unit catalase, Z& %9 histamine, 100 mM bicine(pH 9.5)°] 50 uM

Amplex red, 4 U/ml HRP$} 15 U/ml HOS #7bste] 30 ColA 10 # &<k vh-&A17
< absorbance 570 nm#Z 2‘**‘3}01 histamine standard curved QAth. A MEF9] ¥
=7F 10 ppme] HEE 3]A3 & 0.1 M sodium acetate(pH 5.0)° 0.5 ug DBH, 2 uM
CuSO,;, 1 mM fumarate, 4 mM sodium ascorbate, 100 unit catalase®} 50 ul &= A
= (total volume 100 uDS ¥al 37 CellA 1 AlF &t AHolFHA vESAIZTE 100 C
A 5 & S WEAA G4 S A Foll 13,000 rpmollA 5 i FF AAE
712 44 ®EE s A5 100 ulE 96-well plate©l | 100 mM
bicine(pH 9.5)¢] 50 uM Amplex red, 4 U/ml HRP¢ 15 U/ml HOE # 7}kl (total
volume 300 ul) 30 CellA 10 & &<t W-3AZ1 % absorbance 570 nmollA 57313l
oAl e AR dEgsiglon 2 AAgl A controlhs Wi S Hs WA 2
R Rl A

=
c .
[
T~
L
i
(=]
-
u 05
=
(]
= L w= YT N
= ol y = 0.0073x + 0.0013
- R==0.9574
=
‘-
-
-
0 o
0 20 40 &0 g0 100

Histamine [ppm)

13 57. double enzyme reactions ©]-83+ Histamine assay kit A]A]

E& 0]-83 histamine standard curve.
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¥ 8. double enzyme reaction® ©]&3F Histamine assay kit Al #|EF S o] &3 IFx A=
53 A7
control 1_00 pr.)m 100 p_pm + 3 species of amines
histamine tyramine
0.3254 0.7681 0.5153 0.2983
canned tuna 0.3231 0.8855 0.6754 0.3286
0.3178 0.9327 0.5385 0.3173
spicy 0.4391 0.9734 0.5783 0.3341
0.4175 0.9019 0.6754 0.347
canned tuna [ 1597 0.9804 0.7416 0.3696

10 ppm histamine; 10 ppm tyramine; 10 ppm dopamine + 10 ppm tryptamine + 10

ppm hydroxylamine

¥ 9. double enzyme reactiong ©]€3% Histamine assay kit A/ A EE o] L3 Iz AEZ

574 243 39,

100 ppm 100 ppm . .
. ) . + 3 species of amines
histamine tyramine
canned
76 ppm 12 35 ppm *10 —1.2 ppm *£2
tuna
spicy
canned 70 ppm *3 30 ppm £8 —13 ppm %2
tuna

Biomax®] Histamine Assay Kitx E#7le] HAE A AHEx
==

=
T =
enzyme reactions E=YSFA T AA|H o= Elgrle] A= 2 S ] [t & R ) G R

EE Fole a%E 45 4& F AdAT 2y AAHQ S| 2EN AEY FE Tt "o
AE AE A¥E AJ}. o]& double enzyme reaction =90l ¢ TpHY &4 &
A& FASH

=

= 8

A H7bE = ascorbate®} fumarate®t #> AwEEo] 23 &4 wHEQ
VRN = E}

g AFgS W A7) W] ew Btk o d AAFE A

H|~E A3} double enzyme reaction® = A|E3} /\]Oﬂ A A= tg2A s~
of Hhal Wl iy whSof AP HE T FAE FEEZ AESIAY S| AETIY AMEE

Bres Agre wnAEE Qs wiASZ|E ZAASTE o] double enzyme reaction
HUh= HORRS: o] &3t AlFstshs Aol AR ste] nh HAsirtar fddste] o] ef o]
Ageieh. AA A wAd sl DAOSSH w9 #3952 Amplex redE Olﬁﬁ}

=
T4 % AT BIY ¢ A& NARE SR WA A8 48 32
v R
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(3) Bt AFEH AAIEFY A5 v HEE
1) Neogen A} A|¥ : Maxsignal histamine ELISA test kit
7} 5% 9] histamine standard 50 ul(®t+= x| AZ 5 ul®} PBS buffer(pH 7.4) 45 ul),
enzyme conjugate 50 ulZ neogen AFo|A] A F3t= 96-well plateo] Wil 4204 45
B sk vkg A|ZIt) 1x wash buffer 300 ulE 7PEA oAl dgste] Fuh A7) A4S

|
S A A OH‘T‘_L_ wash 3%

Al H HEESSE & Fx 9o platE FHH @& g 42 3 Ho
A 5 H ¥E FUYu} Substrate® 150 ulE ¥ & F2oA 30 B Tk HESAIl F
microplate readerE ©|-§3}¢ absorbance 650 nmol A %Z—Xé’é‘bi\:}.
Standard curve
0 standard absorbance = B, = 1.0651 (blank k)
7} standard absorbance = B
%B/B, = standard curve? y=
Logit = In(%B/Bo / (100-%B/B,))
%B/B, #t< yHOo® dtal YT E I8 xF2 B ww HES dFAR FAA E
22 S AE3te] 4ol
80
]
e
?ﬂ" 40
* y=-20.21n(x) + 93.44
RI=0991
20
0
1 10 100

Histamine {ng/ml)

13 58. NeogenAl®] Maxsignal histamine ELISA test kit A& o] &3

histamine standard curve
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HE 10. NeogenAl Maxsignal histamine ELISA test kit AE& ©]€3% no spike

sample®] & A

10 ppm 10 ppm + 3 species of
control ) . . )

histamine tyramine amines
" % 0.9327 0.5972 0.8404 0.9478
O SPIRE 770 8233 0.5582 0.8341 0.8285
100 64.0 90.1 101.2
%B/B 100 67.8 101.3 100.6
concentration 4.0 £0.35 1.0 £0.25 0.7 £0

10 ppm histamine; 10 ppm tyramine; 10 ppm dopamine + 10 ppm tryptamine + 10

ppm hydroxylamine

¥ 11. NeogenAt9®] Maxsignal histamine ELISA test kit A|E& o]-&3 32 WEZA F

&3 A3}
10 ppm 10 ppm + 3 species of
control ] ] ) )
histamine tyramine amines
0.4595 0.424 0.4727 0.4623
canned tuna 0.502 0.402 0.498 0.4761
0.5401 0.4581 0.4477 0.451
spicy 0.4408 0.3218 0.3993 0.4083
0.4075 0.4281 0.326 0.4955
canned tuna 75 3999 0.3591 0.5055 0.4461

0 standard absorbance = B,

7z} AMZ9] absorbance
7

B

Zt WZo] %B/B, S et}

¥ 12. NeogenAl® Maxsignal histamine ELISA test kit A|EE o] &3 X AMZ A
53 A3 uZ %B/B,9 #.

10 ppm 10 ppm + 3 species of
control i . . )

histamine tyramine amines
canned 100 92.3 103.9 100.6
100 80.1 99.2 94.8
tuna 100 84.8 82.9 83.5
spicy 100 73.0 90.6 92.6
canned 100 105.1 80.0 121.6
tuna 100 9.8 126.4 111.6
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# 13. NeogenAl9] Maxsignal histamine ELISA test kit A|&& o] &3t x| AW A
A& 23 4.

10 ppm 10 ppm + 3 species of
histamine tyramine amines
canned
1.51 ng/ml 0.4 1.01 ng/ml £0.5 1.10 ng/ml +£0.4
tuna
spicy
canned 1.5 ng/ml +0.9 1.1 ng/ml +0.7 0.6 ng/ml £0.3
tuna

10 ppm histamine; 10 ppm tyramine; 10 ppm dopamine + 10 ppm tryptamine + 10

ppm hydroxylamine

standard curved} I FALS EF MZY 9 3B S ulo] o AY olwl
At} 1 A3}, Neogen AFe] Maxsignal histamine ELISA test kitE o]&3sle] 3] A&
& ARgshA @ s Hepwl agar 3F3RF9 HhelAHoldl  (dopamine,
tryptamine, hydroxylamine)< 3 7}slo] 3| ~epwle] A&

Hl8) o sehlo] W@ MEEs} W B 37

il

UEl = A2 Neogenil?] Maxsignal histamine ELISA test kit 3] 2~E Els
& 7oz ghsojxonma x| ulo] thekst JitEo] s|zElle g Ao 3}
Bl

5 RAEE e dolmel s diel 479 sk e

fr1m o
o
of
ot
2
2
ot
b
N

L
o

t

e
HURN
¢

-

2) Bioo scientific; Maxsignal histamine enzymatic assay kit
Bioo scientificAte] Maxsignal histamine enzymatic assay kitS ©o|&3}e] 3| 2~€g}Tl 9]
1-12 ppm& histamine &%= histamine2 Z+tZF 50 ul B Y1 67 % methanol 50 ul,
master mix 50 ul®} enzyme mix 50 ul® 93 A2o]x 10 B =<k Hl2 A7l Fo
absorbance 450 nmollA =73}o] histamine standard curve® ¥A%lt}. Bioo scientific
AFe] Maxsignal histamine enzymatic assay kitE ©]&3te] 3|2Elqld} wlo] oAy ofwl
o Al digk g%, viAE, J¥E A7) 918kl 10 ppm 3|~ gk A&
ool = S| ~EFR] HEE o 7o ZbZbe] thekst wE o] ulo] oAy olvlg FH7tste] A3}
A}, HloleAY ol o2 dopamine, tryptamine 1¥] il hydroxylamineg A 7}sle] =

43t
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05

v = 0.0694x 4+ 0.0003
R®=0.9983

Absorbance of 450 nm

D 1 1 1 1
O 3 g 2 ) 12

Histamine {ppm)

1% 59. Maxsignal histamine enzymatic assay kitE ©]£% histamine

standard curve

¥ 14. Maxsignal histamine enzymatic assay kitE ©] &3t 3 71X 2] unlo] 2 AlY o}l &
sEEE UL A AE A3
10 ppm + 10 ppm + 8 ppm + 6 ppm + 4ppm |+ 2 ppm | + 1 ppm

histamine 3 amines 3 amines 3 amines 3 amines | 3 amines | 3 amines

0.5954 0.3619 0.4022 0.4707 0.5529 0.6324 0.6511
no spike
8.6 ppm 5.2 ppm 5.8 ppm 6.8 ppm 8.0 ppm 9.1 ppm 9.4 ppm
¥ 15. Maxsignal histamine enzymatic assay kitE ©]-€3F AS A] Hlo]2AY ofxl
FR7L OAE 9% 24 A
10 ppm + 10 ppm | + 10 ppm + 10 ppm + 10 ppm + 10 ppm
histamine tyramine tryptamine | phenylethylamine | hydroxylamine | dopamine
0.528 0.5685 0.5731 0.545 0.5595 0.4465
no
spike 7.6 ppm 8.2 ppm 8.3 ppm 7.8 ppm 8.1 ppm 6.4 ppm

Bioo scientificAbe] Maxsignal histamine enzymatic assay kitE ©]&3to] 3 2~egt¥l 3} v}

ol Ay ofvle]l HEe] tigh A, Ve, dY9 s AN 43, 10 ppme] 3| 2EI

of sl oj= A= kARl | 2ERIS HEshE o] YEw oy HIME 3FF9 ol
g X

Ag oprlel A HE= = HE AHdE BoFA XA & Hhel Ay ofrle]
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7hehe A3E dAv 3| 2E o] 9

= 3o faEc o]
7 A9} Fd HAE o] &3lo] spiked testE T AAAHJA AAF TS B
o}, Zx A= 10 ul, 1x sample extraction buffer 40 ul, 67 % methanol, master mix
50 ul®} enzyme mix 50 ul® ¥ ALolA 10 & =< wr&A)71 FH absorbance 450
nmoll A Stk Al W v S gsiglon ZF AAZNA controlgts Wi #k

S BEL WA eAuANE FaAT

¥ 16. Maxsignal histamine enzymatic assay kitE o] &3 Ix A RE 0|83 HAE

A3 43

10 ppm 10 ppm : )
control ) . . + 3 species of amines
histamine tyramine
0.0651 0.6523 0.0637 0.0756
canned tuna 0.065 0.6168 0.0662 0.0785
0.0638 0.6663 0.0649 0.0753
spicy 0.068 0.5964 0.0672 0.08
0.0699 0.6128 0.066 0.0821
canned tuna ™ o537 0.5413 0.0663 0.0793

10 ppm histamine; 10 ppm tyramine; 10 ppm dopamine + 10 ppm tryptamine + 10

ppm hydroxylamine

¥ 17. Maxsignal histamine enzymatic assay kitE ©]&§ FIX] A BEE o|&3 A& AF
A3 A4.

10 ppm 10 ppm + 3 species of
histamine tyramine amines
canned
8.4 ppm *0.3 0 ppm *+0.02 0.17 ppm *0.02
tuna
spicy
canned 7.4 ppm 0.4 —0.01 ppm £0.04 0.19 ppm £0.03
tuna
1 =4 A3, Maxsignal histamine enzymatic assay kitZ o] 83k s 2}l 2 nlo] 9.4
Y HE 43 szl st A¥les =A yEbweh a8y dA A G mrt A A
52 HAESH A3 no spike HIZE HlE)] o "ol ow 53] oFd FAof A A=

7F "olxle ZAFRE I} ol A9 AHE 53] @ AEo] Maxsignal histamine
enzymatic assay kito]l F23F histamine dehydrogenase & Ao 43gFS F7] wj&Eel
Zo 8 Helt},
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3) Biomax; Histamine Assay Kit 7]E (DAOS ©¢]%& colorimetric detection)
10 mM bicine(pH 9.0)°l 30 U/ml HO, 20 U/ml HRP, 2 mM 4-aminoantipyrine L%
4 mM DAOS (total volume 100 uDE F7Fste] 30 CeolA 10 & &< vHEAZ

absorbance 600 nm% Z743}o] histamine standard curveZ 3%t}

al
5
T

0.5

Absorbance of 800 nm

y = 0.0041x + 0.0399
R? = 0.9987

0 50 100 150 200
Histamine (ppm)

13 60. DAOS 7|9t Histamine Assay KitE ©]&3} histamine standard curve

Ea

g Ao A ARkt Al 479l DAO istamine Assay KitZ o] &3}o] 3
RNl wlo]l @ Al ofwle] HEe| gk A%, Wt MY s A 916te] 10 ppm
s|zeprlo] tigt HE o] eloll k= | aErlel] Zhzte] thkgt wr=o] niol oAy ofilE FH7b
3ol =A3IAt}. vlole Ay oWl o R dopamine, tryptamine “1#]il hydroxylamine<
H7vste]l Z43k3th 10 ppm histamined] Zt7+e] 10 ppm®] Hio] Q. opHlAlY & H7}stod]

=4shgin.

wm
i
o
oo
o
as

¥ 18. DAOS 7]t Histamine Assay KitE o]&€3F 3 7}1x]9 ulo]eol9AIHS FEEE
A730S W & HE A,

10 ppm + 10 ppm + 8 ppm + 6ppm |+ 4 ppm | + 2 ppm | + 1 ppm

histamine 3 amines 3 amines 3 amines | 3 amines | 3 amines | 3 amines

0.0825 0.0653 0.0606 0.0557 0.0517 0.0551 0.0571
no

spike
P 10.4 ppm 6.2 ppm 5.0 ppm 3.9 ppm 2.9 ppm 3.7 ppm 4.2 ppm

Ao A kgl Al 17l DAOSE ©]83F Histamine Assay KitE o]&3le] 3]~
BT} blo] oAy offle]l HEFo]| Ui Hew WAL HdYxE ZARgE A3, 10 ppm
Sl ~ERHlo] tidl o] AL ot Al J|AEMS HET= Ao YEIR oY HUME 3FF

:
o wpoloAY ofulo] M MEE Y= WE AAE wolFA EHL ohE npoloAlY

oo
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ofRle] FETF wold S S AE e AEE "olmds AS® yebstth ol 7t

3 whol Al obwlel Fiel W dxEu AE9 9L 2AFAT

¥ 19. DAOS 7]8r Histamine Assay KitE o] &3t #7133 vlo]leAY o}l 7o wE
9N HE A

10 ppm + 10 ppm | + 10 ppm + 10 ppm + 10 ppm + 10 ppm

histamine tyramine tryptamine | phenylethylamine | hydroxylamine | dopamine

0.0838 0.1292 0.1212 0.1323 0.0406 0.0783
no

spike
10.7 ppm 21.8 ppm 19.8 ppm 22.5 ppm 0.17 ppm 9.4 ppm

9 AsE vustge. #Fx AMEZ 10 ul, 1x sample extraction buffer 40 ul, 67 %
methanol, master mix 50 ul®} enzyme mix 50 ulE @i A20A 10 & FoF Uk A
Z1 % absorbance 450 nmollAl S7skqlth Al W wkE AHES Jstglon 7F Ad gkl

=
A control@ats W& AL HTS WA LAHAE st

F# 20. DAOS 7]t Histamine Assay KitE o] &3 I3 A& o] &3 2N AF AY
A3,

10 ppm 10 ppm ) )
control ) . . + 3 species of amines
histamine tyramine
0.0374 0.081 0.1092 0.0404
canned tuna 0.0368 0.0856 0.1125 0.0398
0.0366 0.0867 0.1113 0.0395
spicy 0.0388 0.0748 10.097 0.0419
0.0398 0.076 0.1012 0.0419
canned tuna |7, 55 0.0736 0.0972 0.0421

10 ppm histamine; 10 ppm tyramine; 10 ppm dopamine + 10 ppm tryptamine + 10

ppm hydroxylamine
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£ 21. DAOS 7]4F Histamine Assay KitZ o]-&3 X A|EZ o]&3 I HAE A
A3 A4,

10 ppm 10 ppm + 3 species of
histamine tyramine amines
canned
10.9 ppm %0.6 17.3 ppm *0.33 0 ppm %0.09
tuna
spicy
canned 8.5 ppm %0.23 14.3 ppm *0.47 0.5 ppm %£0.02
tuna

5 A, B HACA e 2 95l DAOSE o] &3¢ Histamine Assay KitE
of-g3te] d|xEtHl B ool oAl HE A Elghvwlel Wigh s|xEiwl Aksta sl aa €4
o ezt A vkt ol9le tE 3 T/ ol Ay ofvlel disi e w2 AE
L2 HE s dede d3E 2ok R FH e A drk FA Alme vla] A
= Whgo] ozt uHA yEhwed ol FdE X9 Aol s|AET 4bstaie] a4 &
Aol ks F7] w&Eel Ao R ®Heltk DAOSE o] &3+ Histamine Assay KitE o] &3}
S| 2~EtRl & H2E Ay gepule] digh 52 MEEE Holx|vk Byl o9 thE 3
T woleAlY ofnle] s HER: Sl HE WES UEloRRE SiEwl Al 3
=& 93l Histamine Assay Kit® AE3t= 2889 o).

4) Biomax; Histamine Assay Kit 7]1E (Amplex red ©]-& colorimetric detection)
10 mM bicine(pH 9.0)°l 30 U/ml HO, 20 U/ml HRP, 2 mM 4-aminoantipyrine 1%

al
4 mM DAOS (total volume 100 uD)E H7Fste] 30 TolA 10 & &H<F weA|71 &

absorbance 600 nm% =743}y histamine standard curveZ 3%t}

E 22. Amplex red 7]%}t Histamine Assay KitZ o] &3 3 71X 9] ulo]AY o}7l
FEEE HA7HEE "o 4N AE A

+ 2
10 ppm + 10 ppm + 8 ppm + 6 ppm | + 4 ppm + 1 ppm
. . . . ) . ppm 3 )
histamine 3 amines 3 amines 3 amines 3 amines . 3 amines
amines
0.3583 0.0804 0.0792 0.0808 0.0879 0.1055 0.1407
no
spike
9.6 ppm 1.13 ppm 1.1 ppm 1.15 ppm | 1.36 ppm | 1.9 ppm 3.0 ppm




/“
E1s
=
& >
G
o 1
=
£
2
=
y=0.0327x+0.0433
R? = 0.9943
0 10 20 30 40 50

Histamine (ppm)

13 61. Amplex red 7]¥F Histamine Assay KitZ ©]-&3%F histamine

standard curve

¥ 23. Amplex red 7|4t Histamine Assay KitZ o]-&3%F 7% A] #lo]oAY olxl £77}

HAE ¥ 2AME A3

10 ppm + 10 ppm | + 10 ppm + 10 ppm + 10 ppm + 10 ppm
histamine tyramine tryptamine | phenylethylamine | hydroxylamine | dopamine
0.3498 0.7184 0.4959 0.7422 0.074 0.2377
no
spike
9.4 ppm 20.6 ppm 13.8 ppm 21.4 ppm 0.94 ppm 5.9 ppm

ERE H7F Al AR AE ghol ASeiA sIaEk Abstase] deEeh Ao A

% & Aeh 52ehyl o] slo] ThE o]

% methanol, master mix 50 ul®} enzyme mix 50 ulZ
I Aol 10 ¥ BeF vk A7l F absorbance 450 nmolA SAHSFATE Al W owkE A
&)

AS st o 74 AAhNA control@t S wWlE #e Hds WA LAHSE 863

e = AnE Fed oA okmel 7t

b AstEst ARl e T glow weaTh oo A FA s Fd AAE o] §atol
o
=

ek, A AMZ 10 ul, 1x sample

ul
S
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¥ 24. Amplex red 7]4¥F Histamine Assay KitZ ©o]-&3F IX] A|2E o] &3 o4 A=
A4 A3,

10 ppm 10 ppm . .
control . . ) + 3 species of amines
histamine tyramine
0.0477 0.3262 0.331 0.0701
canned tuna 0.0481 0.32 0.331 0.0655
0.048 0.3174 0.3226 0.0646
) 0.0564 0.278 0.3243 0.0764
SpIcy 0.0572 0.284 0.3157 0.0739
canned tuna [7 5 o og 0.2751 0.3128 0.0753

10 ppm histamine; 10 ppm tyramine; 10 ppm dopamine + 10 ppm tryptamine + 10

ppm hydroxylamine

¥ 25. Amplex red 7]} Histamine Assay KitE o] &3t X A|8E o] &3 44 A&
Ay A3 A4

10 ppm 10 ppm + 3 species of
histamine tyramine amines
canned
7.2 ppm +0.11 8.7 ppm *+0.12 0.7 ppm *+0.07
tuna
spicy
canned 7.2 ppm *=0.11 8.4 ppm *0.15 1.0 ppm £0.03
tuna

I =A Ay B Ao fEd Amplex redE ©]-83% Histamine Assay KitE o] &3}
o A& AT HEEE 33 23} DAOSE o]&3t i AEHuE Hi 42 AT E

el o sl ~Eel Eehalel] i AE=rE ARl AEE LAl o] 9fel e nHfo]

o
o
“
Q
S,
5
D
>
1))
w
ab)
<
2
—+
Ll
ot it
o,
b
i
oo
o
fr
=
e
ol
o,
2
B
=)
e
=
jaiy
r
o
olo
o
fr
ol
N
o,
q,
[o

5) Biomax; Histamine Assay Kit 7]E (Amplex red ©]& fulorometric detection)
10 mM bicine(pH 9.0)e 30 U/ml HO, 20 U/ml HRP, 2 mM 4-aminoantipyrine 18]
4 mM DAOS (total volume 100 uDE #H7}stel 30 CelA 10 &+ &< BRAI +

absorbance 600 nm% =743}y histamine standard curveZ -3t}
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y = 355.36% + 32.089
R? = 0.9967
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Histamine (ppm)

13 62. Amplex red 7148} Histamine Assay KitE ©]-&3%F histamine

standard curve

¥ 26. Amplex red 7%} Histamine Assay KitE ©|-€3% 3 7}%] 9] ulo]o Ay o}u&
FEEHE YIS W ¥F AF 29

5 ppm +5ppm | + 4ppm |+ 3ppm | + 2 ppm | + 1 ppm | + 0.5 ppm
histamine 3 amines | 3 amines | 3 amines | 3 amines | 3 amines 3 amines
3578 1443 1627 1709 1586 1606 1629
no spike
10 ppm 4.0 ppm 4.5 ppm 4.7 ppm 4.4 ppm 4.4 ppm 4.5 ppm

¥ 27. Amplex red 74t Histamine Assay KitZ ©]€3 ZHAE A] HoloAY olv £5H
7F v A &S A A3

5 ppm + 5 ppm + 5 ppm + 5 ppm + 5 ppm + 5 ppm
histamine tyramine | tryptamine | phenylethylamine | hydroxylamine | dopamine
3616 6018 5975 6724 1407 2555
no spike
10.1 ppm | 16.8 ppm 16.7 ppm 18.8 ppm 3.9 ppm 7.1 ppm
Amplex redE °|&3% 3 AF HEE A3 A A9 ARG 23E Beled ok




Szeplel mald FHEsl dolxe Ang nyed 3Y AER s @k 24l W
A= w2 SAHE A% gEos weth @A FHE meledy ohwel FEst B
o Zle] WY sol=E Aokt manle] 37t

[e}
Zk=] AZ 10 ul, 1x sample extraction buffer 40 ul, 67 % methanol, master mix 50
ul?} enzyme mix 50 ulE ¥ 204 10 ¥ <k ¥WH-5A171 5 absorbance 450 nmol
A ZAsgoh A W nE 49 Agstdon 2 AA%eIA controlgh g WE S 3

#o uA oM Farg

¥ 28. Amplex red 7]¥t Histamine Assay KitE o] &3 Zx| A& o] &3 FF
AE A¥ A3

5 ppm 5 ppm + 3 species of

control ) . . )
histamine tyramine amines
canned 107.507 1697.235 1782.073 1047.157
116.949 1671.019 1735.68 1056.964
tuna 116.176 1654.904 1730.391 1015.639
spicy 218.031 1737.586 1770.399 1132.056
canned 212.857 1720.884 1718.362 1124.514
tuna 218.029 1621.044 1672.321 1105.371

10 ppm histamine; 10 ppm tyramine; 10 ppm dopamine + 10 ppm tryptamine +

10 ppm hydroxylamine

¥ 29. Amplex red 7]4} Histamine Assay KitE ©|&3 X A2 & o] &3 JF
HE 248 27 A9,

5 ppm 5 ppm + 3 species of
histamine tyramine amines
canned
4.7 ppm *0.05 4.8 ppm *0.07 2.8 ppm *0.05
tuna
spicy
canned 4.7 ppm *=0.14 4.8 ppm *0.11 3.1 ppm £0.03
tuna
O =4 A3, B Ao N3 Amplex redS ©] &3+ Histamine Assay KitE o] &3}
o] A& A% H2ES 383 43 DAOSE o] &3 A AZHTE Hus o3 e
A= s Yepgd oy szl gekvlel st delwrt fASHAl AEE I o9 o}
2 vloleAlY olule tiaiA = W HE WS Yehe A3E BSth Amplex redE
o] &3 3|~} &4} 7= Histamine Assay Kit & 24 AW UAEE =4 S 9
Ao Fuidoz @A HEof Hg W duElrs Bt
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4 FA A o]l tE AFED dF s H=E
A ol glell v Al WiF N AF Hes H2ES] fleiA FA el i spike
HEES glell dald AAlskginh. shds e olfre= SMH KFDA o} @= 23&g el ut
2y thgolz YA e 2 AEL AAsm glor} fHhd Aol X =9} 9}
A 2 g Aol tielM s|xEl HES FAlskaL 9171 mEell A olelel v A
HD}% g A oA okl AdEEA ekl Wik Bl AE W 4 HAE

IN

1) Histamine Assay Kit 7]1E (DAOS ©]-& colorimetric detection)
10 mM bicine(pH 9.0)e 30 U/ml HO, 20 U/ml HRP, 2 mM 4-aminoantipyrine 183
4 mM DAOS (total volume 100 uDE H7tste] 30 CellA 10 & &< ¥-3A F

absorbance 600 nm% =743}y histamine standard curveZ -3t}

Standard curve - 2HAHHIS

0.8
E o
= 06
= - k
E -

L = 0.0084x +0.0244
© 02 L R* =0.9866
=y T
0
o 20 o 60 80

Histamine &%= (ppm)

2% 63. DAOS 7]¥F Histamine Assay KitZ ©]-£3F histamine standard curve

sjelol 10ppme] 3 =<EP¥I3) El2hyl )3 e wlol oAy ofw g 27t drkaAY Wt
S e ohe)l AT wEo] FAE WA PE AREL ST

¥ 30. DAOS 7|4t Histamine Assay KitE o] &% FX| A|E& o|43 A AZ A¥
A3 Ae.

10 ppm 10 ppm + 3 species of
histamine tyramine amines
unspiked
i 2.10 ppm £0.04 2.2 ppm £ 0.03 0.01 ppm *£0.005
wine
spiked
] 10.9 ppm £0.21 6.23 ppm £0.20 2.5 ppm *0.06
wine

10 ppm histamine; 10 ppm tyramine; 10 ppm dopamine + 10 ppm tryptamine +

10 ppm hydroxylamine
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Ao sfgsk Al g9l DAOSE o] &3k Histamine Assay KitE o] &3sfo] 2a
21350 oFelell tial A 3| 2R} thE vlol S AY olWlS HUlsle] AE HXREE F

A3}, A ghe A e A = Aoz 3xEl HE A9E
HAAFAT &5 gofst 2 2a AEd geide Ay A3E H25S d8 H2EE

e Ag o,

_{

X

o

il

)

o,

g0

o

ril f”l

2) Histamine Assay Kit 7]E (Amplex red ©|-§& fulorometric detection)
10 mM bicine(pH 9.0)e 30 U/ml HO, 20 U/ml HRP, 2 mM 4-aminoantipyrine 183
4 mM DAOS (total volume 100 uDE H7tste] 30 CellA 10 & &< ¥-3A F

absorbance 600 nm% =743}y histamine standard curveZ -3t}

Standard curve - @ 2HEIS

6000
5000
-_|_': ,al'
54000 e
ﬁ 3000 ..
S 2000 il
T y = 621.68%- 15855
1000 e R =0.987
0 g™
0 2 4 B 8

Histamine == (ppm)

1% 64. Amplex red ]9t Histamine Assay KitE ©o]&3%

histamine standard curve

b e 77t ArASAY A7

shelel Sppmel & ~Ehils Elgbnl 23 e vl oA

4 e shel AES wEol dxvhY 9% AF 49

e

¥ 31. Amplex 7|4} Histamine Assay KitZ o] &% Fx] A& 0|83 JF A& A3
A7 A,

5 ppm 5 ppm + 3 species of
histamine tyramine amines
unspiked
] 1.05 ppm £0.010 0.78 ppm *= 0.022 0.12 ppm %=0.002
wine
spiked
] 5.4 ppm £0.016 3.24 ppm *+0.04 1.53 ppm £0.008
wine

10 ppm histamine; 10 ppm tyramine; 10 ppm dopamine + 10 ppm tryptamine +

10 ppm hydroxylamine
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B gA oA st d3 Ad5< Amplex redE ©]83% Histamine Assay KitE ©o]-&3}]
a2l Sl tiefA S|l thE wlo] oAy ofvlE FH7lsh 33% A& Hx
EE Fdg Ay, FA QA FRPE A TA o o] glo] kA A 8| 2~ BT
AE: 235 BT I gt o2 2a A Fdd geiAE s AEs 25s 9
 HEEE F38F Aot

(5) AFs ME s 2 EAF AFHY vm 7 89

W Ao A TRk sl 2EpRl A HEd FF HE 7IESY BAF AlEIe] A 7HE T

thal Wl gejshd ofdf :wek

E 32 AR AFS B AFHY 45, b4 2 v 29 Ww

Maxsignal histamine
ELISA test kit

Maxsignal histamine

enzymatic assay kit

Histamine colorimetric

assay kit

Histamine fluorometic

assay kit

Analytical

EIA method Enzymatic method Enzymatic method Enzymatic method
methology
Detection range 1-100 ppm 20-300 ppm 1-200 ppm 0.1-100 ppm
Total test time 1-1.5 hr 1hr 1hr 1hr
Reproducibility | Variation may occur good Very good Very good
Sensitivity Low sensitivity Quite sensitivity Quite sensitivity Very Accurate
Selectivity Accurate Very Accurate Quite accurate Quite accurate

75 gtgl 75 gtgl 40 gt 30 2l

Price

(100 test/kit)

(100 test/kit)

(100 test/Kkit)

(100 test/kit)

B FA A AR
kitell s A=
3l A Maxsignal histamine enzymatic assay kitel] H|3

FAHTE 7HA o] 40-50% AHeAl AlES
%"}3}74‘4 FF A=
o=

=0
3 —

w3o] ]

colorimetric assay kit®} Histamine fluorometic assay kite] zZ+z} A=
"+ 0.1-100 ppmelztar strfetie 2 ool thsiA %
daA debAl= Aol oyt Aleshs WH ot
AMES AdsH sAeiA AEstez A4 4

FgH B4 % A Azl hss,

=z 1 [e)
T JFAE T

Suw A% W9 oo AZo e %

R

EES=!

Add, A8,

1::
=

SaL o]l thal

FEan=

S nd o e

=

427 2% 4%

of thao =

C

= 1
_ﬂ'_"‘EZJ

7] E+ Maxsignal histamine ELISA test

S A%

pul

25
=

d= =7FsetAY
(Bl oz

A
S|

TS Ho F2
S R B Rl i e =S

ks

om Agrd
A& 7d o]

A =
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S|ZEHY A& AE 7IEE AT 1= B 9859 34

Mo W0 YO
o AN N 2 NaOH )
4 ™+ 0N O
L e f ) Y
Mel ha) S0Na
1 2

a3 65. DAOSY] 318 &4 A

1) N-ethyl-3,5-dimethoxyaniline (1) 343
3,5-dimethoxyaniline (25g, 163mmole)S H &< 200mLol] &3] A|Zl & acetaldehyde
(10mL, 179.3mmole) & H7bsta mwb Azivh. o] kg E3hg ool ofHEAL (9.3mL,
163mmole)?t NaCNBHj (15.4g, 244.5mmole)E M3 #H7F g & Aeex oF 6AI17HE
b nwk A &HlE S sFca A7 ¥ F HEREduS
MgSOel A AZxsta 7t F5Fate] dste A= (DS AT (F5F: 95%, 28g, 8

A 77 _J__Z‘ﬂ )

2) DAOS (2) ¥4
sodium 3-chloro—-2-hydroxypropanesulfonate (19.6g, 100mmole)S & 200mLel] 9]
1 isopropanol 100mLel] &3&%o] 9= N-ethyl-3,5-dimethoxyaniline (18g,
100mmole)S H 3] F7F skar awk Aj7it}, o] whg E3hg-<fe NaOH (4g, 100mmole)
7hakal 3A1ZE EQt reflux AlZIYh W& #HSE EF6ke] A7 skal = 100mlell thA

sl WA e

il

=9l & Diethyl etherZ N-ethyl-3,5-dimethoxyaniline & A7
Sty 8 NS A EsE AlA AA S T A & 100mLol 590 F 4TCoA AAA s
o Y9t AAEQ)S dA (8 79%, 28g, A 11A)
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(2) DAOS &4 2%
1) ¥4% DAOCS 9] NMR ¥4 23}
'H-NMR (500MHz, D:0): & 6.09 (s, 2H), 6.01 (s, H), 4.36-4.39 (m, H), 3.81 (s,
6H), 3.56 (d, 2H), 3.41 (q, 2H), 1.22 (t, 3H).

Lelv*
e

I3

P
A L J.A.I.x_.l '
..... ——————

1 ] & T & L

1% 66. H-NMR spectrum of DAOS

2) 343 Amplex Red 9] Mass spectrophotometer ¥4 A3}
LC/MS (ESD: m/z = 320.1[M + 11" / 342.1[M + 13]"

|Bpactum 1A Profile Smocthedi(7 )l
(B G511 (AFT18=100%), S00-rme 56513 xme 0 464 rmin, Scan: 11, S0: 2000, lon. S865 ws, RIC: 1 2608+7|
] 6611
ot 342.1 444%‘?-: 1
1 A ke bl L L
| .Hf“{_ N e £y
] ™
saat) ey ] :
i aesby LH+H ]
TE% [ -
Bl -
255{,-: T4
1 9114'-' 3
3 oo
: 0
2403 s
LUE :
o 500 1000 1500 2000

7138 67. Mass spectrophotometeric spectrum of DAOS
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mSaE A% A% JES A9 9% ¢ dud 94
(1) sxehd A% 3

HO QQUQ 800, | (AcOKO | TEA Al 0 O or HO 0 OH
i 5 MaOMo
p
N ’ N
o~

1

13 68. Chemical synthetic method of Amplex red

7}. Triacetyl-3,7-dihydroxyphenoxazine (1)&] 34

Resazurine (2.5g, 10mmole)®} SnCly (4.17g, 22mmole)E F4 oA EAF (6.7mL,
72mmole) ¥} oA EAF (8mL)ell &3 A1 5 oF 1A7F &< 7k wwk Al7ivh wkg &3
SNE W7 A7 $ 30mL HERES H7F SFal 0Tl A oF 20A1ZF &<F WA A[A w0

= } isoproanol¥} petroleum ether® o z|H A

1

A el wAE Puth AYTL AR F

H5a A% AA Ashs 449E (D A

¢

G

K}

. N-Acetyl-3,7-dihydroxyphenoxazine (2)] 34

Triacetyl-3,7-dihydroxyphenoxazine (2.4g, 7mmole)S dioxane—-& (1:1 v/v) 70mLol
£33 A7l ¥ sodium sulfite(1.9g, 15mmole)ES 7} star AA E97] slollA ¢ 20%
ot 7wk A7t gbg T3 g9 W7t Al7|a

o 1=
7heto] A3t A 54 B2 EEEES 7%—%&01; o]-§3ste] AA sk 20mL A=

shal Az AlA ks A= (D&

1% H;-':'D}

o~

2

77%, 2.64g)

OFAEAF (1.14mL, 20mmole)S A

AAAE & 150mLE H71sta 0C

A= 78 F % =2 oy Al
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2) Amplex Red &4 A3}
7} @43 Amplex Red ¢] NMR £4] Az}

"H-NMR (500MHz, dmso-dyp: o 9.72 (s, 2H), 7.34-7.32 (m, 2H), 6.56-6.53 (m,
4H), 2.17 (s, 3H).

v w
[ R Ry
el el
2 |
Augher [Ted
] 4
IS T PR [
10 ] H T ] B A 3 2 1 : ppm
=4 ﬁ_" K F“' : 4 &
i E! ik /n
12 69. 'H-NMR spectrum of Amplex red
Y. A3 Amplex Red 2] Mass spectrophotometer ¥4 23}
LC/MS (ESD: m/z = 258.2[M + 117
Print Daba: 8 Jun 2016 1004202
Spectra Plots - 2016-06-08 & & 10:42
1 A Profie Scan 21 from cvadismes'calaiadpariiasmpls 1 xme
2 A Profie Scan 18 from covanamvs'\datoi\sdparoaamphs 3 xma =
Eooeirorn T4 T Proiis Empabeeaii]|
|Bebe: 358 > 371 3= 1509 Sarrply L QEZT nyin, Semn: 31, BEFEO00, e 13573 wa BIC 8 3810
VOO ::"";‘:‘H -
5% ::
5%
5%
102 |
-1'I.DEI"
—_— s
RL o iEac
| 1 1
oy [ lal abiis it Lal Ll b ks L PR P A R TR L
) T P e B B En T R
— — —— - —— e mig

713 70. Mass spectrophotometeric spectrum of Amplex red
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(1) 3°,6’-Bis(pinacolatoboron)fluoran (Peroxyfluor(PF)-1) A

F\E/F F\E/F HiC_ CHy Ho e

3
) . . ) HiC. &CH
Trifluoromethansulfonic O\S/O o. 0 Bis(pinacolato)diboran %O 0\ ?

\/

anhydride (4.0eq) (3.0eq) o—8 o
-
: L O (LI
Pyridine (8.0eq) KOAc (6.0eq) O
\ MC (15v/w) Pd(dppf)CI2 (0.1eq) N,
° 0°C>RT, N\ 1,4-Dioxane (20v/w)
overnight ° RT, overnight

1) @

¥ 71. 3 ,6' -Bis(pinacolatoboron)fluoran (Peroxyfluor(PF)-1)¢] A W

1) 3’,6’-Ditrifluoromethanesulfonic fluoran (1)¢] A

50ml Z&t~3d A ZEA 3’6’ -Fluoran 525mg (1.58mmole, 1.0eqv)™®} MC 7.8mlE ¥
o] wwk 3t} (FHE&AM suspention). Ice batholA WZb ¥ F  Pyridine 1.03ml
(12.62mmole, 8.0eqv)S F3dFaL, TFMS. Anhydride 1.06ml (6.32mmole, 4.0eqv)E 4]

A3] dropping dlFth FYo] EF EyW Ice bathE A7 85l RToIA WkE- 3}
overnight 9% 3sle] &2 A7t} ¥k$-& TLCE 3¢l &1 n-Hex : EA = 2 @ 1%79)
Al RE 1 0.4 oA Aol YERdTE

WS =4 & 98 MCE EY% Rotary Evaporator® 7+¢F =

=
T 100% MCeollA4 Shot column chromatography 3%ttt 34+ 3 ZAIAE(1)S 792mg

(84%, white solid) ©]t}.

IH-NMR Data (500MHz, CDCI3): & 8.11(t, 1H), 7.75(q, 2H), 7.33(d, 2H), 7.22(q,

1H), 7.06(t, 2H), 6.99(d, 2H).

2) 3’,6’-Bis(pinacolatoboron)fluoran, PF1 (2)¢] ¥4

A 24 3 6’ -Fluoran(1) 88.1mg(0.147mmole, 1.0eqv)®™ ~diborane 112.0mg
(0.443mmole, 3.0eqv), KOAc 87.0mg (0.886mmole, 6.0eqv), Pd(dppf)Cls 10.8mg
(0.014mmole, 0.leqv)= 25ml 37 Zg2Td Y1 uFAF FHIA AZX AZlt},

% A7t} overnight ¥He & dHlg =
© 2 pn-Hex : EA = 2:1 ZdA Rf : 0.6 A¥Eo #& Ht}.
F2 ¥ % WES celite345 padding filter® o] 3}s}aL

ot

£ oo
[

£

_a

e

r]I.

olo

i

. < Rotary Evaporatori e == 3% 5 F
of %9l ¥ H20Z 23] A& 3 BE MCEHE MgSO, Hzx, Oﬁi}, =
25 100% MC ZAolA Column chromatography 3tth. 3]
(71%, white solid) ©]t}.

el
e
2o
il
Mo
[@)]
oo

N2gasZ 7oA 1,4-Dioxane 1.8mlS 5% 3tz 78] 100°C = 7} A7l Oil batheolA
FAAY, TLC &2 100% MC oA Rf : 0.7

"H-NMR (500MHz,CDCI3): & 8.03(q, 1H), 7.73(s, 2H), 7.60(dd, 2H), 7.44(d, 2H),

7.07(d, 1H), 6.86(d, 2H), 1.35(s, 24H). LRMS (ESD: m/z = 575.2[M +Nal+
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a9 72, 3 ,6° -Ditrifluoromethanesulfonic fluoran H-NMR A E A
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19 73, 3 .6 -Bis(pinacolatoboron)fluoran, PF1 H-NVR 2| EH
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Frint Date; 08 Jun 2016 10:35:46

Spectra Plots - 2016-06-08 2 & 10:35

1 A Profile Scan 29 from clvaranwsdatalsdparkisample 2 xms
2 A Profile Scan 38 from clvaranws\dataisdpark\sample 2.xms

Spectrum 1A Prafle Smocihed] 7y
BF. S575.2 (1.155a+E=100), samphe 2 kms GUEED min, Scan; 29, 502000 lon: 4E0F us, RIC: 2. 784047
]
1005 1 I?c*—i!
|
1 |
TEW | —
&% -
284 3
2723
1aTaTs
T R | 2 oliic Lty Lt S LS
|!|IIII zé’::.... --.=m-.. zms s B Tt T
- Z50 [

a3 74, 3 ,6° -Bis(pinacolatoboron)fluoran, PF1 Mass &~FEH

(2) 7-(Pinacolato)boro hydoxy—coumarin &4

F. F
\\/ HaC_ CHy
Trifluoromethansulfonic Ox¢#° Bis(pinacolato)diboran HGC%O

HO, o._0o anhydride (1.2eq) | (1.5eq) HiC B/ o .
o © O SR Oy
= KOAc (3.0eq) _
EA@&%&%GQ) Pd(dppf)CI2 (0.1eq)
° 1,4-Dioxane(20v/w)
JCRT, RT, 2hr @)
overnight 1)

13 75. 7-(Pinacolato)boro hydoxy—coumarin® A W3 11 A=

1) 2-oxo-2H-chromen-7-yltrifluoromethanesulfonate(1)2] A4

25ml Z2t2~39] 7-OH coumarin 2.0g(12.3mmole, 1.0eqv)S MC 40mlel =<2 FH Ice
bath oA W7 A|Z1ty, DMAP 1.5g(12.3mmole, 1.0eqv)e ¥4 38tat, W¥7h& 4 34H
TFMS. Anhydride 2.48ml(14.76mmole, 1.2eqv)ZS A]A]3] Dropping 3t T3t} &
o] % 4w Ice bath® #17 3tz RTIA overnight ¥k A2ty TLC &<l
MC:MeOH = 10:1 o|4] Rf : 0.9~1.0 & 100% MC ol Rf : 0.4 2 Az Eo] jepyt
o} wkgol T4 H F ukg MCE 9§ sat’d Na2CO3 washing 23], H20 13|, Brine 13
2 A g 5, MCSS MgS04 A=z, o3, §F3dt. vF FF=S 1% n-Hex : MC =
71o] A Column chromatography 3t} ¥4=%¥ ProductE Ether / n-Hexane 22 A&
Fotol A4 AT 39 | A3E(1)2 3.35 g (92.7%, yellowish solid) ]t}
1H-NMR (500MHz, CDCI3): § 7.74(d, 2H), 7.61(d, 1H), 7.31~7.24(m, 2H), 6.51(d,
1H).

fo o
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2) 7-(Pinacolato)boro hydoxy-coumarin(2) &/

A 254 ~coumarine(l) 500mg(1.69mmole, 1.0eqv)¥} ~diborane 647.3mg(2.55mmole,
1.5eqv), KOAc 500.2mg(5.09mmole, 3.0eqv),
Pd(dppf)Cl12124.3mg(0.169mmole,0.1eqv)& 100ml 37 Z&t23d] Y1 1 F-F pumpel
A Az A N2 gaszdol A 1,4-Dioxane 10ml& F¢) 3tar W@ 1000CZ 7k A
Z1 Oil bathell A ¥kg A7tk 2A]3F wbg §- wbg FAAH TLC 291 100%MC il
A Rf 1 0.4 & n-Hex : EA = 2:1 274 Rf : 0.6 Z3}Eo] &% HAr}

wkgol T4 ® §F W ES celite345 padding filter® o #3}al 4%l MC® washing
et of3td WEES Rotary Evaporator® ¢t &% 3 ¥ Fd IFEs &% MC
of =<2l ¥ H20 washing 23] A% gt} ZE MCHS MgS04 Ax, A3, 55
= ZAHFES n-Hex : EA = 2:1 ZHdo A Shot Column chromatography 3tt}. 3]
APE(2)2 514mg (98%, gray powder) ©]T},

IH-NMR (500MHz, CDCI3): & 7.77~7.70(m, 3H), 7.49(d, 1H), 6.47(d, 1H), 6.51(d,
1H), 1.43(s, 12H). LRMS (ESD: m/z = 273.2[M + 1]+

BERUHKER

11 10 9 ] T g 5 4 3 2 1 ppm

138 76. 2-oxo-2H-chromen-7-yltrifluoromethanesulfonate?] H-NMR AHEH
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Print Date: 08 Jun 2016 10-28:34

Spectra Plots - 2016-06-08 & & 10:28

1 A Profile Scan 18 from ciwarianws\dataisdparkisample 1.xms
2 A Profile Scan 24 from cwaranws\data\sdpark'sample 1.xms

ey

ppm

7-(Pinacolato)borohydroxy-coumarin®] '‘H-NMR AHEH

a3 78.

%pu:l.rl_ln A Profile SmeofediT)
EP: 273 2 [TEEA8E=100%), semple 1.xms 9,739 min, Scan: 19, S0:2000, fan: 5583 us, RIS 2 057e+7
J FEEN]
100%— Tayve =
75 4
] | 1
5% -
i ]
1
1
FLT _
44
{ GEI4
4
1} | d §
fens Al L p Al ATy P e | | 01 e e i P R PRIy L iy
— = 3 T T T
250 e TEa 10m0 1950 )
— ¢4

7-(Pinacolato)borohydroxy-coumarin®] Mass 2 EH
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(3) Fitslr4a AR 2 2 PP A S (sensing probe)d] AE HZE

1) 3’,6’-Bis(pinacolatoboron)fluoran(PF1)¢] ASHAE
3443 PF1E HRPglol dabstayael dis] Al 9 33 HEo] 7Msshs ERlskginh. &
Rus 333 458 TR sl ko & PRl ¥F HE E

Al ds H
2 3359t 20 mM HEPES (pH 7.0)ol4 5 mM PF19} 10 mM &H(Fe(l) & H7}3}
I o 7)o theFsk s A 20 to 500 mM)ol tE ¥F AEF AEE AZPEE
>

EstY, oluf wkE &%= 37 CE SPECTRAMAX Gemini XP, Molecular Devices,

Sunnyvale, CA, USA)Z 30% 422 450nm/510nm (Ex/Em)o2 33 Este] 1

A5 HE=EsSIH

1 A3 daksharaol] dieA = HR

M fdEo] 7hedhs &9
o

PN
-
SAAE B HAT 5 AT

slol 9

R

i
it

3,6’-Bis(pinacolatoboron)fluoran(PF1)&= SA| #Abstsio] s & Fsjof st

5 BU= AE obol} ZEolil AE Zo] A ot A in vivo oX

A7) A= o AgelngE FF in vivo oA e ikt

3l in vivo o A& FE FHHoR A Fort loy sNdstaa; sk Al
A&

<= W3lth

off N
(m koo T

i

[>
i
B
o
>
it
L
ot
,

px

HE 71Ed & A8317] ofdue=

2000 4

—=—120
——210
240
270
300

T T T T T T T T T 1
o 50 100 150 200 250 300 350 400 450 500
Hydrogen peroxide (uM)

a¥ 79. 3 ,6° -Bis(pinacolatoboron)fluoran, PF1 ¢ H,0,¢] % 74X A
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2) 7-(Pinacolato)boro hydoxy-coumarin(PC)¢] AJ5H2E
FA 7 PCi= HRP §lo] Iabshaprseo] dis] 24 3 g3 3
A EtE 99 des sAeR sl sk WE P
&Jskeitt. 20 mM HEPES (pH 7.0)lA4 5 mM PCE # }6}1 7] 5t
50 to 500 mM)ell et F3 HE Aes ARPER HAESSIH luﬂ Bl
37 C=Z SPECTRAMAX Gemini XP, Molecular Devices, Sunnyvale, CA, USA)
Ao R 350nm/450nm (Ex/Em)C.2 &3 HAEde] 1 AS5S HAESYUL.
kst el el = HRP §lo] ¥4 H=o] 7Fesiial PRkt Hup s
2 FE 5-50 mMO] W FEOA R AFol e T+ ek 1
e &< PF1¥ H|zetA =9 w§ Ad}E HoF]lth. 7-(Pinacolato)boro
hydoxy-coumarin(PC)¥= 9 A] At 4e] 328 Felgof 3t 243 HrUlis AE <hol

SEROI A% $91 24 A in vivo A9 Fshpbel SIS A7 s

23
b *’

30
2

(N
-Er{m

A5

@
Y

H

L

e

fus

A3 2N 2 3Y 9ER BaHY, FF in vivo A4S HuRGE BAE AL
~EZ Ed) in vivo o AERE FAMoR FAT Ber} Jou} Awsas s A
& HAE J|Ed e 4887] odues 288 With
60000 —a— 10 min
—g— 30 min
50000 &— 60 min
>
. 100 in
40000 - —e— 120 min
§ = —a— 150 min
S o . B —e— 180 min
= 30000 -~ - —e— 210 min
/ ) ___—® ——240min
20000 //‘/ . .F”_’.J___F_# i
10000 A P o
¥ - — 3
5 _éd_'..--s"' - ®

Hydrogen peroxide

13 80. 7-(Pinacolato)boro hydoxy-coumarin, PC ¢ H,0,¥] ¥3% ZX A
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O AF5 43t

= AA 33

WA vlel oAl obul 4 9 SFusEsc) AxF 71EE o 8@ Hrel A% TAL FY
st AR o]t FHE A S Fd SCI Ad<l J. Ind. Microbiol. Biotechnol. ol
“Engineering of Escherichia coli for the synthesis of N-hydroxycinnamoyl tryptamine and
serotonin”& Al ettt o] 2lel] S| AER HE V| Eo] ARREHE G4 MASME 9% a4 HF
st 7lsel A =is A EAARMAA T =S 19 7]askith

= Htel oAl ofrl Abst A FAksta s o] &3 3 & AE 7
of #¥ 5= “vio] oAy ofwl Fakst @At S A~EHN Abstaao] A
2EH ARSI Al 10-1780736 3)S 53] =9 5=

E AAlE A B P AdEE AAHoRE A Ax TS =2

AE 7INke R sto] wAER] welmEEEnt HAE VwRE ol¢t #H¥E 53R “9R
2 o] &3 nlolmZ =l AEWY(EFWME: A 10-1789787 )& 53 =9 5=

=
i

ol
o
rir
k)
2,

>
o
&
B>
oz

g »
BIOMAX + ¢ .

Histamine Assay Kit

ol Hnsnats Histamine Assay Kit

Code : BMMID-100 100 1esis
20

¥ 81. 3|2 A HEL 93 DAOS Y8E o]&3 Histamine assay
kit #F AR
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“C * BIONAX

b B4

BIONMAX »¢ e

Histamine Assay Kit

Code : BM-HIA-100 100 tests
Stote at 207

Histamine Assay Kit

Conde : H8HIA 100 100 feals
bt al -

a9 82. s|&EYl % HAES A% Amplex red 98E ©|8% Histamine assay

kit AZ Az

O Adsd st 2 wEaA

AEERE

kK AR !
7Rk A = NS A A7 0.029 ¢
) 2 o FF 397 v = To19]
SEPE NEF FA7A 0.221¢
T FF 390 W= =y
A E 25 : 0%
32} C 0.5%
Ahs _
: A3 A7 s 1%
7he A = 1 0%
F5 347 WS ?; ] 1250/%
N 0
AIAIN a4 AE AAANGE AAE £9) 59]
AR ]
g 39 ¥ AF A A3EAY =9 39]
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- A3 A 2 nE A%
g = AR g A =}
A A28 717+03) 5
2 @ o A k) 200
ol vt A sd¥ Rl
(1<) 0.2 5 20
: B} &+1(%) A A2 74 395 5%
st A | g - - -
qes =) 1 15 30
A4
=& 0 2 5
35 P S|2EHY AE J1E ol9ox mAE = AE A
AEe oaa g [AF 715 AA G2 Al 1009719 JES s
v AE Augs | B FF AS A #E JIES 30994714 S
e e N
(2g1: 29D @A 3dF 5%
59 X > p—
AN F3 TAAA S 0.2 5 30
X = 0 1 10
O A+ Azt
- 714 Ay
T AxE7ES o83 s|2EY A& AR JES 98 3| 2uv Astgiet gty $asta
25 AAHor Az 5 Jde VES APsiden T3 AL HE 7|E AL A% a4 ¢k
A3t 714 Jheate] s~ A& AE JEY AEs] ettt wak b 9 g o
= AAHoz A Az FAHS YR AT A& HE J|E ol x FYAHES Y|
E3k gt Akl E HE & 4 & Metabolite assay kitE AFstst=d & 71420 A3E
o]t o3 A vulA Az vjE F A PP A8 AF V&S Ve SCI =1
193 g&dxd3 27 59 &40 AHRE 25T 5 Ao 53 2718 =3t A F A4
AL FH3= AYE 25T 5 o dA 9 FoHn Je SAE HE JEE A 7]
H¢] Neogen A}Me] Maxsignal histamine ELISA test kite] A9 spike HHAEES 3] #x AR
of 93 £ MELE wWolxvk miztwel Ay AFsiA AlZHETE ARdo] 8FE v Bioo

scientificAb®] Maxsignal histamine enzymatic assay kite %2 AEE9}
9 spike HIZEONA A Aol oJsiA ad DA S W Aol We

NdE DAOSE o]&3F Al 7 Z9] Histamine assay kit(BM-HID-100)+= Bioo scientificA}2]
Maxsignal histamine enzymatic assay kit H]&] &f7F @& ABIEE HFEJAAT & HI
E BHAFR o Amplex redE o]83t &% 7 =9 Histamine assay kit(BM-HIA-100)¢] &%
o= Ht} & AoEe} HH AYEe} A EE HoFt)
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3| 2~E Y
oxidase; HO)9] &4 HXAE

23}l g 2~ (Histamine

HOS| &40 9% pll,
gole, &% 5 U@
93 Qlafel hF FFL
E

Histamine& H] X3} A
st vlol e Al o}l )
ofr =2k 5 10 o Fell
dislell oisl HOS 714

Soly AHE

Histamine £
ppm)dl W& HO<| 714

MRS 2

+%(0.1-200

pH=8.00ll4 37 °Cell A
buffer &%+ 10mMel A

O -1
e ERIE %

B3

dlo

EDTA® CyDTA 181
Methanol®e] "] x]&= 9GS
ZAFSF S

=
dEEEEENL )

= (e}
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Histamine &
HO9 W17%=

ppmZ7}A]

151912

HO9 ko wE A4S |HOY Fko e A4S
ENE3 ENEE S
NZ 422 9% age | HOol et wg= A
DRER EE T EERL B EEEEE
3] 2~EMYl Ab3l g A (Histamine| 5525 ZAMSH ZA}ae S
oxidase; HO)el ujst -
W A% dmel AAE (0% 2ES 99 HRP  |HRPS HA FEE 34
R N R B SR
sl A =AM S
D7rE 9k Al odg sk |1
sem A% @z Ass/or EREEREER g age ua g9ns
443
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LS SR
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a8 a EA4E s
Az &9 scale-ups
&3 HOE W= Ailsto
gt u g

TRHY AAE 90% H ==
100mgel]’d &

competent cellE ©]-&3}o]

THAS FAY D
FYe Foasgon BaE
o W§ e

TRHY] W& &o] wjg vlo}
1mgol3t= 31 3

gyl ksl a s
(tyramine

beta-hydroxylase; TBH)¢
g4 HAE

TRHS] Aol g3k

o
N
s

pH, o], &% ol gt
o Azl U FEAFS
ZAHgt

TpHS] Fko wE 4=

0.1 M sodium acetate(pH
5.0)] 0.5 ug DBH, 2 uM
CuS0Oy4, 10 mM fumarate,
4 mM sodium ascorbate,
100 ppm tyramine, 650
unit catalase°ll A 713
LRI

HoF 5.

ThHY FZof wW& &4

AR

gty Faksta s
(tyramine
beta—hydroxylase; TBH)¢
AAe & s|2gw
2BsHHO)E 444 3| 2=efdl

A% A% AEe] 445

T A maae ds
Hk-$-(double enzyme
reaction)S &3 49
Z3F dtol A FA A Rl
gk S| 2=ENl HES

A8

ate S| zEbRl AL AE dE sl 2EwR A% PE
7IESt 71 AlEHE] JES} Mztw, Aew,
U=, AuE g |F3we gis) /&
sl 71 AF AFS A Epo] HI HAES
Al HeES FAY | FARS
el A& HE JEY
7 5 8t
3 2~EMY 21& AZ 71EQ |8 2E U AZ 7E)
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SR Ay BxE s A @4 s

a7 N =R VA | e8=(%) a7 23
= S| ARl Abslg e
3| 2~E}Rl 4t3}ld A (Histamine oxidase; HO)2l E24 5 100 3| E} ‘ﬁg 4
plasmide &+x.
= . . . . ) S| <Rl Absla s #E
3] 2~E}Yl 4+3} & A (Histamine oxidase; HO)Y #l|= S|~ Al s
A 5 100 A B Az At T
= T5
3] 2El7l 43l & 4 (Histamine oxidase; HO)2l &4 10 100 S| ~EbRl ksl § 49
HAE 24 44 HAE
a8l g dRE
5] 2~ AF3§ A (Hi i id HO)o| o3t o] &3t 3| ~EHH
S| BRI Arerg A t ; <r o = =
ol g PR 1;}8515_16 e 10 100 ArshEsel oA
A= AT e
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S AE A& AE JEES 9§ a7t B dmol 24 922 DAOSY
73| s 1= Z A=
H4 (A1RE (F)FAvkol2) 10 100 g e e wE
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3|2ENl A& AF 7IEE Y% ¥ A5 #4 10 100 red® A ¥4 2
Azx T8 75
g}l $24F8} g 4 (tyramine beta-hydroxylase; - 100 Elgtl kst a9
TpH)9 F29 (A1YE A plasmide &1
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