IV NTEIFEOCT I VBRI L g

TR M, LREHR, REFE

#

i

B - MEDREO 7  vEMLERICH L, YRR
DT S BACEEE DTS & RID 75 0 ¥ R
BIEDT 3 vEBMLERITED RPN TORENR £ 728 5 h
TRWH, KO2OOFHEPHFEEEN TS, 1) Mot-
hes & Schiitte iz x 0 “# 7 An ma ¥ LR
o, T OBRICI->THEB TS aminocaldehyde
PLARERD? 2k, 2) Clark Mann » &£ X9
“tryptamine & indol-acetic acid (L TIAA &
) ORMBEME LEL L, TOBEICXY trypta-
mine RB{LEN, indolacetaldehyde &7z - 72,
HWERA L EVTHDIAA LD LHRE L

EWREDT7 3 vEBLERL2 Kilahd, 201D

RCH;NH,; + O; + H,O ————»

RCHO+ NH, + H,0, (1
NH, (CHy ); NH(CH,); NH (CH,); NH, + O, —=

~C H
NH,(CH;); N |  +NH:(CHp)s NH;
CH,—CH,
+ H, 0, (@

NHg (CHZ )3 NH(CHZ )4 NHZ + 02 —

CH—CH
N? ® & NH, (CH, ), NH,
\CHZ— CHZ

+ H, O, ®)
HORBAET S 7 ¢ VEMEEE T Mann D X5 T
mvaE@%uﬁE?ézkkﬁ%b,Hmwm;o
TE LR &N, 1,4-diaminobutane(putrescine)
¢ 1.5-diaminopentane(cadaverine)FD v 7 3 v
WMige/ 73 VEIVBRMETDZ L0, v7 3 v
BfeE#R(EC1.4.3.6, DAO &3 ) Lvvbh, EHER
BICHPLATH B, QOB LVRReMETS 7 ¢ vl

fLEEFE L LT, KE, tvErravEnd 2pHECE
® S)L, spermine, spermidine £O AV 7 s V%
BLABLL, 7Y E=TEERLANVI NS, #V 7T
$ vEMLEE%E (EC1.5.3.3) L vwbh, 7 7 € v (FMN,
FAD ESRATH S,

£ 505 Clark &t Mann ) 0 EEET 5
B C—BEORMRETR > T3, SEIE=V FvEH
FERWC T VBLEREBE L, OB
B a6H LR 2 Hill  Mann ™, Hill ¥ 3o
Mcgowan & Muir OfER & LB Lz,

2 B B &

1. SEBMH

=+ A= ¥ vE (Pisum sativum L.cv
kinusaya) &2 ¥ 1A BEHERNELSLLOBWA Lic, 1.4-
diaminobutane &M%, 3-hydroxytryptamine
e, tyramine HBEE R XU spermine Y ABRE
WHFBLBRR S, R0 EOMT $ vEBIU Y
7 BREMEMEIERA &2 SBA L, Seph-
adex G-200 (Pharmacia Fine Chemical Co.)
B LU P-Cellulose (Brown )id& LB T R &4,
7% b hydroxylapatite ( Biochemicals )& 8 —
LEREMGREL» SBA L, .

2. TV RIBZORFEICHEEBRRORH

Z+RBK= v FYE 1 0(800g) 2KBEKRTEY,
BOEVWSDEIIERNT, & 5IHiK cHmity, 24
R FICBE L T o BB S S, 4 EROY
—EEH WSy POLEBE- v FYE 2EET, 23
~25°CiR->EREEHT, 1H 1 EBYRBES
Ble ik o, 8 AHIRF S, REBTOFOLH
HL(®350g), 2he@ar<iLT, F8N0.1M
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DAEEN ) v 2 ERER (pH7.0)2MA Ty —T
B L, ThEehA—€¥TA8%, A% 10,000xg
T205MH, 4CTRLFEEL, ZOEEK (780ml)
THERR L L,

3. BEREMREER

U7 VBRLEREEREERRCIC L > THES WD
MzE % Clark oBEFEER(Yellow Spring #d 5331
M) EFERL, BEK (3TC)IC L TEEICR N
Ritenr (£51.2ml) BT, RIGBREE L~ 7% F
9 VAR =5 —THEBLEDLHE L. GEKII#ER
¥ 0.3ml, 0.1M D A V v A8 EEE (pH7.0)0.2
mlBLT0.69mIDKERIELLPIZAN,37 CIOFE
fEL7t, 12mMERBK (B LEVHEEELLT
1,4—diaminobutane %M ) 0.01ml &z, HE
L BFBFREZBRCHRT (BB 0568 )T L
Teo BPMERE L BELHKT 2ERTIESEH
Estabrook ¥ 2% LicEll 26/ Lico ¥ @R
ISR ORISR B+ OB FFE R & iE Robinson & Coop-
er'® PR L FrichE - T, N-methylphena-
zonium methosulfate (PMS ), nicotinamide
adenine dinucleotide reduced (NADH) & Xt*
has—EERCTHEL,

BHEBFEE = 214pmol/ml at 37T
LEHENT,

BEREA (unit) X1 AHICHEE S W2 BEE D pmol
TEF Lo ENIBEIT ERBRBMEER Licx v
NIEE (mg) THRLTER LKL,

4 SN EBOAEE

z v HEE LowryH)&G:?ﬁEo THE Lz, T
BEEL v R7BLLTEMET A7 v (2 @&,
Sigma#t ) %A Lice £2H AL - Tik280nm
DK G, BHHHE] D =15 18mH LB L
7o

5. SHOERE

BEH 2 v S/ HR OIS RIZARHE & Vallee!? 0
- C, BMRABKREMBREELZ2N & LTREFREX
B ( AA » Jarrell-Ash#, AA-8558)EAWT

E Lo

6. DiscEBXskENE

BER s v 7 BOMERRFT 5 BN Tdisc BRI
B % Davis ™ OF Bt - T 570 FABERS
%, Tris—+—EBEERK (pH8.6 )T, ¥V I K
MY 2.5mATIOSIEKE) Lize BV L AD ¥ LT H
BiZ XY amido black 10BTHE L, 24D
FAREREN2.5mmORIICA IV VDOATYHD,
ey VR EZ N ELORBREICAN, 0. IMY AR
H Yy sEEER (pH7.0)1ml 2k, AEox—1t L,
4CTIMMBERLHEL, ZOMBEBROBERESEE
1,4—diaminobutane & tryptamine # £ 1L 1 &
HE&LUTHIE L,

1. FFEOMEE

BFs v s B0 FRIX Andrews P 0ra sl
I - THIE Lizo 0.15M NaClz&40.1MY A
B ) v 2 ERER (pHT7.0) TE#H L7z Sephadex
G—2007» 7 & (0.9%X45cm) IZEELR LR L, HE 3.0
ml/hr CHEHEZ 2ml S o5E Lz, ElEs Vs B
LLT, #£75—% (4FFE, Sigmath), 7rz2—n
Fe Fesyr—« (B, Bochringer Mannheim
GmbH# ), #mE 7+ 7 2 v (Sigmatt), W71
Ty (CEHMEERERERL ) BIUF L7 e —nC (B
L, BEMESEHRRSHE) 20/ L,

EE# 0 subunit O5 FEOBREIZIE Wu & Bruen-
ing ¥ ki g - T SDS—disc BAKBE 2175 -
Too FABETHHT, ¥2L1K4D 2.5mA T8 K
KB Lico BEEL V7B LLT, #FMET7T1+7 v,
W7A7IvBIFF 2 —nc 2R LE,

8. ZEROAEE

BEHR 2 V7 BOFBEAOMEIZE Vesterberg &
Svenseen ' DAHICIH - CHEASE L Teo
Ampholineid pH#IF3~10 (40% /K&K, LKB#)
## ML, ampholine BE 1 4T, 4 CT21KM ,
300VOEETERNKE Lz, BB, 3.3ml-o>4
B L, £78EKE4CCTpH EHRE L,
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9. TREEROBEE

BERO 7 AR OMBIE T, BERI10m1(BT0ug
D& vAyBExRED ) IM sodium diethyldith-
iocarbamate &t 0.1MYABY Y v AEBEK
(pH7.000.5ml ZMma ( ZDREOBREFORER
0.05M), 4CTIRHE L/co BRFIVZ V7 H
WAES LR LB ORE 2k { iz Sephadex
G255 ic ¥ A 5B THE L, 0.1IMOA®H
Vv AEEER (pHT7.0) 24 7 4 (2X30cm) 1260
ml/h OWETRHEL, BHLs v 7 BESG 2ED
7 AHRBREL Lz, Z0T7 RERIEREEESED LN
VA L el

£ B & =R

1. o7 IUBMEBROBE S

Hill Y ossmes #E i McGowan & Miur” 0
BREPEAERAE, T/4bb 1) RESE, 2) Se-
phadex G—200 %/ 53, 3) P—Cellulose X0
4) hydroxylapatite 7 r~ 2757 4 =il k- TH
B Llco ABHBERIZZ4CTOEBENTTR -7,

1) MESHE

RIS BB (190g/0) &ini,35%fFE L
pH7.0 T1RERES, 10,000xg, 204 M&EL L, £
DEBREEDZ, ZOLBEREZESIZ602BMEEE
(165g/0) kL, MEDOBRIEICL VB EED, 36
~60 %EFFHEETER L BE 0. 1M YA Y v
SRR (pHT7.0 ) 40mlc MR L, RBERICH L
T1REN Lo

2 ) Sephadex G—200 7" 1 5@

0. 1M D AB U v & EBEER (pHT.0 )THEELL
7z Sephadex G—200# 7 4 (4x81cm ) IZBIECEH
W20ml&» 7akichng, RAEEERZREI2ml/hr
TREEL, AEE1TmlIo258E Lz, ZOFERIE Fig.
1R Lo 1,4—diaminobutane ZHEH L L/BEH
E € — 7 Ltryptamine 2 EEH L Lic BRESE ©—
73S EES28~42KRDO BN, ZTOMDOEFITIER
b ENRb T, MEEEEZ T LLES £, 0.02M

(unit/ml)

Activity

(o] IO 20 30 40 50 60 70
Tube Number

Fig.l Chromatography of the diamine
oxidase on a column of Sephadex
G-200,

The dialyzed enzyme solution fractionated
with 35 to 60% saturation of ammounium
sulfate was placed on the top of a column
(4.0x81cm) of Sephadex G—200 which had
been equilibrated with 0.1M potassium phos-
phate buffer at pH7.0. The flow rate was
32ml per hour and fractions of 17ml were
collected. Horizontal arrow indicate fracti-
ons pooled. , concentration of prote-
in; —e——, putrescine oxidized activity;
—e——, tryptamine oxidized activity.

DA Yy AERER (pHE.0) IR L 1 BEN Lo

3) P—Cellulose 7 r=t+ 2757 1 —

0.02M D ABE# ) v AE#EERK (pH6.0 ) TEMHL
L7z P—Cellulose” 7 &~ (2.1x46cm ) {CEERIK 170
ml&zn 74 ki, AEEHRTH 722 +5%EHL
oo BMREBEHRBEZ0.02~0.3M £ TERMIZE
L& THEH Lz, #EIE51.7ml/hr T15ml52>%
B Lo ZOFERIIFig. 2R Lo 1,4—~diamino-
butane & tryptamine & ¥ ZhZhIEHIZ L THUE
L7 R TG & 12 P—Cellulose (% LIERE
0.24MTHEHENES (FEES43~50L, 77
A%E0,02M VAB» YV ¥ A EBEHK THE LcES
(HEES16~19) LO/rEIC@AD bhic, BiE
Insew 57 4 —OEIEINGE R T, T OFEE
B &7 vBMEERA (DTDAO At ) &b
L, BHFEINEKRNE $ T, ZTOBRES T I VB
LB % B (LT DAO Bimgd ) & Lz,
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‘Fig.2 Chromatography of the diamine Fig.3 Chromatography of the diamine

oxidase on a column of P—Cellulose.

Enzyme solution fractionated by chromato-
graphy of Sephadex G—200 was placed on the
top of a column (2.1x46cm) of P—Cellulose
which had been equilibrated with 0.1M potas-
sium phosphate buffer at pH 7.0. After the
column was washed with the starting buffer
and the enzyme was eluted with a linearly in-
creasing concentration of buffer from 0 to
0.3M. The flow rate was 51.7ml per hour and
fractions of 15ml were collected. Horizontal
arrow indicate fraction pooled. , con-
centration of protein ; —e——, putrescine
oxidized activity; —e—— tryptamine oxid-
ized activity; ------~ , concentration of
buffer.

DAO AiZ0.025MYABE» Vv o EEEK (pH
7.0) KHLTIRENL, ROBEBBICHER L,
DAO BirR#A»8E (RFEvr 77442~ UK
=10 ) WX DBM L7tk 0.02M DAEEY U 7 23
ERICH L1 /BN L, B8 DAO B #R®RLELTUT
DEBRICHEA Lz,

4 ) Hydroxylapatite

Ao DAO ABWEERK 350mIit 0.025M YA
By v AEREER (pHT.0 ) TF# Lz hydroxyl-
apatite #» 74 (1.56X5cm) EiZha, A LEEHET
hTAETHWE LK, VARY ) v AEREROR
E#0.025~0.30M £ CTEHMICELEEDAO A
BB Uiz, W#EX57.5ml/hr T, 9,0ml-o>4EL

7w bITT 4 —

oxidase A on a column of hydroxyl-
apatite.

The diamine oxidase A fractionated by ch-
romatography of P—Cellulose was placed on
the top of a column (2.1x46cm) of hydroxyl-
apatite which had been equilibrated with
0.025M potassium phosphate buffer at pH
7.0. After the column was washed with the
starting buffer and the enzyme was eluted
with a linearly increasing concentration of
buffer from 0.025 to 0.3M. The flow rate
was 57.5ml per hour, and fractions of 15ml
were collected. Horizontal arrow indicate
fractions pooled.——————, concentration of
protein; ——e——, putrescine oxidized activ-
ity; —e—— tryptamine oxidized activity;
------- , concentration of buffer.

Teo ZORERIEFig.310m Lz 1,4—diaminobu-
tane L tryptamine L W EFHEBHIC L THIE L7z
BREE Y- 2@ v 7 BEY—7 (SEEB54~64)
ER—EGICRD bhiz, £ OMOBESICIEBEREER I
ROBENED T,

DAO Aw0,02MYAE» Y v 2i5&EER ( pH
T.0) TIRBENL, BEDAO ABFERLL, UTD
KRICHER L

DAO ABLUBoKHEZz—ERICE LY, Table
IR L7e DAO AWM 218ICKEH S, BIURE
28%TH »lzo ERBEROMEMIL318unit/mg of
protein TH - /2o



SRS = v FvESHFDODAO DBR L HE

Table I  Purification of the Diamine Oxidase A and B from Epicotyls
of Pisum sativum

Total Total Specific R
Procedures protein activity activity ec((%ery
(mg) (unit) (unit/mg)
Crude extract 5262 7720 1.46 100
35—60% ammonium sul-
fate precipitation 1064 6176 5.80 80
Sephadex G-200
chromatography 283 5404 19.10 70
P—Cellulose 51 3628 71.80 47
chromatography 19%* 388 * 20.74% 5%
Hydroxylapatite
chromatography 7 2162 318.0 28

One unit of the oxidized activity was defined as the amount of enzyme that
liberates assay solution for 1,4—diaminobutane as the substrate corresponding to
one pmole of O, per min per ml of enzyme solution. Specific activity was ex-
pressed in units per mg of protein of the enzyme solution.

¥ Data of diamine oxidase B.

2. BROW—MET - ZOZFAEFINE EKKEEC L > TEhETh -2l <k, Thbo
DAO AiddiscER#BE, SDS—discEKH%HE HRONFig.4, BLUS KIWERD disc BRIk
JUEBEASEEICL - T, 25U DAO Biddisc DIERER Lo

Activity (unit/ml)
Activity (unit/ml)

01 23456 7

Mobility  (cm)
Fig.4 Electrophoresis of the diamine Fig.5 Electrophoresis of the diamine oxidase
oxidase A on acrylamide gel. B on acrylamide gel.
Electrophoretic pattern was obtained by The conditions were the same as those used

the method of Davis ¥ using 5 per cent acryl- on obtaining the data in Fig.4.
‘amide gel at pH 8,6, Electrophoresis was

carried out at 2.5mA for 90min, and gel was

stained for protein with amidoblack 10B.

——o—, putrescine oxidized activity; —e—,

tryptamin oxidized activity.
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DAO Awtdisc® Xt*SDS—disc BEXRkETI X
DEVARIBEAVERRD BN, £/disc BERKE
BLUEESASEE T 1,4—diaminobutane & try-
ptamine & ZZhEFNEBIC L THIE LicBERGEH Y
— B VR EARA Y VERRE -7 LR —H LTz,

DAO Biddisc BERHKEITI A& v~ 27 H AV T
2R 5N, 1,4—diaminobutane & tryptamine
EEENENEE L L THE LICBERESE Y — 273 s v
Ry AR ERLS—FK LI, £7DA0O B DAO A
LV BBEINE 5T,

DAO A @4 F&ik Sephadex G—200% 1 5iEHk
W& - THELERE Fig.61Z/R" L,#120,000TH
= 7o ¥72DAO A ®subunit @4 F&IESDS disc
BERKBETRIE LR 2 Fig. 7iwaA L, #60,000
EHEEEN, 8- TDAO AR2EHEARATLE R
Lhd,

L I | L !
sxiof  10° 5X10°

Molecular Weight

o
10%

Fig.6 Estimation of molecular weight of
the diamine oxidase A by Sephadex
G—200 gel filtration.

The column (2.0x70cm) of Sephadex G—200
was equilibrated with 0.1M potassium phos-
phate buffer at pH 7.0. Elution was performed
with the same buffer at the flow rate of 13.4
ml per hour. A, urease; B, catalase; C, al-
cohol dehydrogenase; D, diamine oxidase; E,
serum albumin; F, ovalbumin; G, cytochro-
me c.

[CIE R ]
T LESES B B

)
T

Molecular Weight (x 10~ 4

, L L | L
03 04 05
Rf

Fig.7 Estimation of molecular weight of
the diamine oxidase A subunit by
SDS disc electrophoresis.

The procedure is described in “Materials
and Methods”. A, cytochrome ¢; B, oval-
bumin; C, diamine oxidase A; D, serum
albumin,

DAO ADZEEHIZ6.TTH 720 £72DA0O ADE
EREYRFREETHE LcHER, Biks v 27H36.4
pgHIZ0.025 ug DM EEH A Tl FICHEE LT
DAO A®subunit o F&%60,000¢ LCEHET
% & subunit %Y 0.7TRFOHEEL I LD, su-
bunit %9 IRFOMEELLELOND,

300

(unit/mg)

n
o
o

Activity
o
o

Fig.8 Effect of pH on the activities of the
diamine oxidase A and B

The reaction mixture contained 0.3ml of
the enzyme solution (4.6 ug for DAO A or
46.5 ug for DAO B) in 1.2ml of substrate
buffer solution at various pH’s and 37°C.
Buffers used were 0.2ml of 0.2M veronal—
acetate—HCI buffer for pH 4.0 to 9.0 or 0.2M
Tris—HCI buffer for pH 7.0 to 9.0 (ionic str-
ength = 0.05). —e—, DAO A; —e—
DAO B.

’
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3 BrR({tEeiHE

1) &#EpH

DAO ARBIUBoEEEROGBEpHEZHE LT
Fig 810 Lico MEEMIC BB pHIZ 7.0 TH - 7o
pHEB#EBEZ 22 VB & 2R Lz,

2) RERE

B#EpH7.0 TDAO AB XU BOBKEIERORER
ErHaL, Fig.9ikmR L, MERLICRBERE40
~50CTC, BEDOLR LIEKERERITETT 5, 80
CCBMREE 2% - 2o

=3Q0
£
<
hod
5
=200 A
> (o}
100}
(&}
<
20 30 40 50 60 70 80
Temperature  (°C)

Fig.9 Effect of temperature on the activi-
ties of the diamine oxidase A and B.

The reaction mixture contained 0.3ml of the
enzyme solution (4.6 pg for DAO A or 46.5ug
for DAO B) in 1.2ml of substrate buffer solu-
tion at pH7.0. The assay solution was incu-
bated at various temperatures.

—o—, DAO A; —e— DAO B.

3) pH&LEH

EEFEW % 0.1N HCl8 £F0.1N NaOH % BT
EOpHICHARE L, 4TCT20RMKE L%, pHT.0
KRLT, ThoABEROBREMRERZHELT,
DAO ABXUBDZhZho pHEE.EHRN, Fig.
10ICR Lico MBEZIZ £ pHA~9 DEBHE CTHETH
slo ZOMEAEMA S LABFICHBEFELELR > o

4) ByREN

BRBEZpHT7.0 C1040HAREICHER, XKk$T
105HEam Lictk, BHUREEREEZAUEL,

~ 100
2
>
-
>
e
2
50
©
3
°
‘0
[+3]
o
2 345678 9 101l
pH
Fig.10 pH stabilities of the diamine

oxidase A and B.

The enzymes were preincubated with the
buffer at the indicated pH’s for 20hr at 4°C
in a total volume 1.0ml. The enzymes used
were 36.8 ug for DAO A or 372 pg for DAO
B. —— ,DAO A; —e— DAOB.

g100f
>
x
>
2
<

50}
©
3
©
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[: o]
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30 40 50 80 70 80
Temperature (°C)
Fig.11 Termal stabilities of the diamine

oxidase A and B.

The enzymes were heated an indicated tem-
perature for 10min in 1.0ml of 0.1M phosphate
buffer at pH 7.0 and immediately cooled
at 0°C. The enzymes used were 18.4 ug for
DAO A or 186 ug for DAO B. —e—, DAO
A; —e—, DAO B.

DAO ARIUBOREIKT 2 EEMEEHANTHER
% Fig 1 1ICR Lz, MEBEREIHIZI0CETRETH



EABREMEE

% 30 5 (1982)

BN, BEOER L LbIcH LS oBRERRET L,
65 CLLE T KBTI L - 720

5) #BEBA A v ORE

DAO ADEEEMI B IETABLE 4 (3.3
X107 M) OE&%pH7.0, 37TCEBOTRHEL,
Table TMicm Lo DAO Aix Hg ™ co<ESH
7o £72DA0 AD7 #EFIX3.3X107*M Cu” o
FRICE - T, ® e BROENED 96 % CHERNE ¥E
B L7 (Table IR LU Fig.1228B). ZDMO&E
A VTIE LA ETEROBIEEED ShEH - o

Table I  Effect of Metal lons on the Ac-
tivity of Diamine Oxidase A and
on the Reactivation of the Di-
amine Oxidase A Apoenzyme
Residual Reactivation
Metal ions activity of DAO A
of DAO A apoenzyme
none 100 0
CuCl, 96 96
MnCl, 91 0
MgCl, 93 6
AICI, 92 3
CaCl, 100 5
NiCl, 76 4
ZnCl, 75 2
SnCl, 99 0
CoCl, 99 0
FeCl, 94 0
PbCl, 100 0
HgCl, 8 0
CdCl1, 100 0

Enzymes (4.6 ug for DAO or 4.9 ug for
DAO A apoenzyme) were treated with indica-
ted metal ions at concentration of 3.3x 1074
M (pH 7.0) for 10min at room temperature,
in a total volume 1.2ml.

o
o
1

(8]
O
T

Extent of Reactivation (%)

O 1 | i L i
7 6 5 4 2 |
Concentration of Cu™ (-logM)
Fig.12 Reactivation of the diamine

oxidase A apoenzyme by cooper
ion.

The apoenzyme (5.0xg) of DAO A in 0.1M
phosphate buffer at pH 7.0 was incubated
at 20°C for 10min in presence of various
concentration of copper ion.

6) #BAEDE

DAO ABIUBoBEERIBIZTAERAED
FHEPHT7.0, 37CTHIEL, Table Mic/RL7 o
MR C phenylhydrazine , semicalbazine %
DHIAF= AR L - TH{AFEZ e, %7
1,10—phenanthroline, ethylen diaminotetra-
acetic acid, diethyldithyocarbamate &% v
— FREIZLVAE &h, p—chloromercuribenzo-
ate » SHHRE® L vrdiisopropylfluorophos-
phaten s v 7 Erh o vy vEEBMAERC L - TR
BEENA 5T,

oL RIHF TH 5 N—dimethylaminosu-
(B—Nine %7213 B-995, HAH#
ERRXEHL VS5 S N, DT B-Nine L83 ),

(BOHY®T ),
(UDMH k853,
maleic hydrazine ( MH ¥ ), (2-bromo-

ccinamic acid

2~hydroxyethylhydrazine
1,1—dimethylhydrazine
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Table M Effect of Various Chemicals on the Activities of the Diamine
Oxidase A and B

Concn. of Inhibition
Chemicals chemicals Note
(mM) DAO A DAO B

1,10—Phenanthroline 0.1 91 91 Che
Diethyldithiocarbamate 0.1 78 76 Che
Neocuproine 0.1 9 Che
Ethylenediamine—
tetraacetate (EDTA) 0.2 91 94 Che
Phenylhydrazine 0.01 100 100 Car
Semicarbazine 0.02 100 100 Car
Aminoguanizine 0.02 78 Car
N-Dimethylaminosucci— Gro
namic acid (B—Nine) 0.67 95 97 Car
1,1-dimethylhydrazine (UDMH) 0.67 95 Gro
2—hydroxyethylhydra— Gro
zine (BOH) 0.67 83 Car
Maleic hydrazine (MH) 0.67 16 8;?
Sodium borohydride 0.1 40 Car
(2—Bromoethyl) trimethyl—
ammonium (BCB) 0.67 8 Gro
(2—Chloroethyl) trimethyl—
ammonium (CCC) 0.67 5 Gro
p—Chloromercuribenzoate
(PCMB) 0.1 0 0 SH
Photooxidation (0.001% .
Rose Bengal) 97 His
Ethoxyformic anhydride 0.1 62 His
Diisoprophylfluoropho—
sphate (DFP) 0.1 0 0 Ser

Enzymes (4.6 zg for DAO A or 46.5ug for DAO B) were treated with the indicated
chemicals at indicated concentrations for 10min at room temperature, in a total volume
of 1.2ml. Car, carbonyl reagent; Che, chelating agent; Gro, growth retardant, SH,
—8H reagent; His, modification of histidine residue of protein; Ser, modification of
serine residue of protein.

ethyl Jtrimethyammonium (BCB&EE$) % JU"UDMHEDAO A BEREHZMIAE Lico L
X, (2-chloroethyl) trimethylammonium BLEFTOVvRTHENRY v 7 RIEFHEES -
(CCC L+ ) MHDAO ALHT2EEBRT N, MHEDAO ABREEEZHEIMAE LRV B4R
F oo v RoOMEpERIHIF THS B—Nine, BOH® T vE =y AROEYERDHFITH S BCBR LT
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CCCHIBRE Lz Do 720 8 LU 1,3~diaminopropane & {BRILLALd» 7o
7)) EEREY spermidine ¥ X U¥spermine KH £V LBt Eh
FEEBCHT2DA0 AB LU BOBEREREpH /et T, tryptamineid 1,4—diaminobutane 14

7.0, 37CTHEL, Table NiZ/r L7z DAO AR X B UpBltEnNR o, ZOMDE, 7T VR, U7

UFBix 1,4—diaminobutane £ £ ¥ 1,5—diamino- IVER, FEET I VERBIUY v vEZThERLDT )

pentane Zi& b Xk < Bk L7, 1,2—diaminoethane B L7z,

Table ¥ Actions of the Diamine Oxidase A and B on Various Amine and

Diamine
Relative activity
Substrate
DAO A DAO B
1,2—Diaminoethane 0 0
1,3—Diaminopropane 0 0
1,4—Diaminobutane (putrescine) 100 100
1,5—Diaminopentane 100
1,6—Diaminohexane 38
1,8—Diaminooctane 10 8
Agmatine 34
Spermidine 26 29
Spermine 17 15
Lysine 8
Methylamine 8
Ethylamine 8
n—Propylamine 9
n—Butylamine 7 5
n—Hezylamine 9
Benzylamine 6
2—Phenylethylamine 21
Tyramine 20
Dopamine 13
Tryptamine 14 13
Histamine 7 6

Enzyme were used 4.6 g for DAO A or 46.5ug for DAO B. Concentration of
substrate was 1mM in digestion mixture,
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HillY o L= KoEU7 ¢ VBLEROM
BHER BRI L {FEASNTWDHH, ethanol—ch-
loroform B L FpHIZ & 2 B NELENDT,
E 513 N ORIEER S, McGowan & Muir *)
DRI A Lz P—Cellulose 72~ 757 4
— &, F 57 Sephadex G—200 #1258k EMA
TERMERIC X D (Table 128) =¥ FoTghiFml
Brov7 I VEBBLBROBR 21T - lco T OWFRE
fEoM, P—Cellulose #5427 v <7357 4 —ICR
ET25v7 3 vEBEE (DAO A) b, » 7 nitE
LAawe 7§ vELEER (BAO B waBishic,
DAO A B XU BoRREREMT LD ICdisc BRI
B —TH -7 (Fig. 4 BI U Fig. 581 ) R
DAO A okiEMEIZ 318 unit/mg of protein T
Hill ¥ o#i45 LB % o A2 73,1 unit/mg of
protein &l LT 4 &4 - 7o McGowan &
Muir ” 238 72 disc KRB T2 A DS -/ B
AVRNERL, BEEOBVEEFRIL benzylamine #
B L LT1.005unit/mg of protein T, benzyl
amine ¥ 1,4—diaminobutane ¥ ® Vmax Ok
5 1,4—diaminobutane BB LT % HIEHIX 17.56
unit/mg of protein & 47 9 {&v, Nylin & Szy-
bek 1) 3 Hill 9 DR F ¥ T80unit/mg of pro-
tein DEEFEBER EE o

—HOBRBIFIZBWT, 1,4—diaminobutane &
tryptamine ¥ #£E & L, WfTLTEHEBEEEZAEL
M, HEHLRIONAFTAI e LS FT7 4 —T, @
BHECHT B EREEXDAO ABXUBoZAEN
DH vy EEEL—FKL, ICEMTtryptamine
RBLT ABREHEREE A2 -7z, DAO AR
DAO B#P—Cellulose iCEE LARWVWDICH L, BE

+5z %k, Disc BEEBIIRBIT35BHENRENT &,

BIUKEEABCC L ¥RV, BEpH, BERE,
wElt, AERRICHT 3 BE, AL T IBE
P, R LB E BB LT, Hil Y o

BR Uo7 VBB % DEAE-Cellulose @&
HLAWZ L, hydroxylapatitelt BET 22 L, B
F1IHTFHCIRFOMEELI LS, BRILENMEE
BDAO ADHRLR—%K Lk, McGowan &
Muir ” 088 L7 7 ¢ v {BE% i P—Cellulose 2
BETHZ LI DAO ADERE—HT 54, 1,4—di-
aminobutane & Y spermidine % X { Bk ($71.5
)+ 52 LBRE 5, £/ Hill L Mann Vg w7 <
VEBALHEOS FREGLEFEMETEL S 96,000,
SEH» 573,000, McGowan & Muir 7)@%5&?5&
225 185,000 *, %7 Nylen & Szybek % phe -
nylhydrazine B & % B R1EMH ORF Y 5, Hill
L Mann ¥ 0% L7 96,000 55 L2 & 8% L
TWw52:, DAO A4S F&E2120,000T, subunit
D FED 60,000 THoleo WTFNBHEHEIE -
TW37ed, SHOMBIAFQER SRV, =V F
vEHCT I VBLERP 2 BETH D LV IR G s
7o Yasunobu b P migs 7 < v BILHED
subunit @4 FE£485,000 ¥* £7212 87,000 ¥*¥* T,
native BFE DS TEH 170,000 £7242 263,000 T
monomer ——— dimer ——> trimer

DL OB TEHGRESHDZ LEHEL, BEBIEFT,
form ®EWIZX Y DEAE—Cellulose % X ¥ hydro-
xylapatite #3427 e~ 257 4 —iZXVELTH
2ONEMCEEPTHEENDZ L ERB LTV D,
DAO AL BREFLENEEIEDDTREL T
BH, # v BAEHEEORZSZ L, ThD
TR D formDBWC LD DEE L TS,

=V FoRE YT I v LEROSEREIC L HMAE
2205 diisopropylfluorophosphate & p—ch-
loromercuribenzoate X VHEFEENDZZ L bty
VEEY SHESFERICHES LI L3RS NS,

semicalbazine ® phenylhydrazine Foh K=

% EHAREMEST S VEBMLEZEORLE 2D
0.76ml/g #ER L CHEE L,
sk JRRECREL L IRELCREL D DEH Lz,
sk SDS—disc BREKE 2> 5RO 720
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REICLVBABSNBZZ L b h £ = v EDBTEE
CBIS LTS LE R b B. ZhoofkRi Hill ¥
DWEL—HT D, ~BILAALE=LFTEY FE¥F—
ADABVRERTHIILEELLNEN, 100 M
DOKFA—FF PV 2L D40 BESNZ, &
OEFIMON v A= AV REICL BHF LB L Tk
NRECHhTHD, BY s WEBERDO L 7 I VELEER,
b A E TR VRS T 7 F D oggas, Asp-
ergillus niger TIX 380 nmDREILA <27 b v 20
b, BLUBE-—kE+—Fr bV v aoms D
5, B TRTVWERTF Fhd, TAENREY P
V=N DABOFEEZEELTWDIH, LirL=v Y
e Hill 2 41380 nm 0BIRAST badbE ) K
FHE— L DABOFEEZELET S Z LKL - 0
SBOBHBEDO—>TH D,

EFABE S ) MY T < Y BIEBROE AT o
VERENEHICHLEATH I L ETEBR LB, =V F
v Y7 3 VEMEEEE Y ethoxyformic anhydride
I VBCIAESND Z L 2RE Lic, 5 L5 ORBEE
%3 107* M Dethoxyformic anhydride T62 %
PEFEEH, 0.001% Rose Bengal H&ET TOXEEL
LD 9TRHFENDZZ L0 e 250 vERENGH
KBS LTWa Z BB SR -T2,

UEDZ ERnb=v VoG YT 3 v LEROGEHSR
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b+
t/(:u\)omcwr

-

Lyf

4
Y

X

I
Lys
e

(st
ctor
\/cﬂf

ACTIVE SITE

A model of the molecular struc-
ture of bovine plasma amine oxi-
dase.

Fig.13

B, » XA EBIU e AT O vBEMBAT
BB LELENB, Yasunobu s DMy 7 s v
BALBROBEEFOBEVERAREZ Fig, 13D L 5IZR
Lico = v FovEY7 ¢ vBLER S AROBEARSE
b d,

Mann 22 =~ ¥ vk Cindolacetic acid ( L
TIAA BT ) OFBHED 12 THD tryptamine
o7 vBLEERIC L VB X h, indolacetalde-
hyde 38 CTIAAILR D L#E Lo ZOT LEERT
B8 %L LT Reed 52 5 LUk 215 ™ 13 B
Nine ® BOH » X 5 s ERMEWEL, ©7 v
MACEERIC L B tryptamine BLEHE L, £ B+ 1
=V THB IAADEREMET B7201c, BTV
b3 5 L#E Lz, EHEDERTYH DAO ABLY
Bk B—Nine®® BOHIc X D3 <BAE S h/zh, TAA
DEBPHEDENTEHE SN ERICE R 52 n, L
Ltrypamine #B{b 3 5BHRiL= v Vv R TIE YT
SVEMERER T, Y T s LB RE R A
»o7ze BlfE, B—Nine & BOH (F&HE £-1 v )ik
mlEh, REREY, RE, Pt EobWERIEL
TEAShTWS, fIREh T3 Zhsbstobunit
BT, B4k 7T vE=9 K70 CCCLBCBik =~ F
YEOUT I VBLEREEAE LAV LS, B
—Nine®BOH s W E RS FABBICIVbWETS
bDLEEZLND,

)

1. =Y FoESFMERLY o7 ¢ vEBMELER 25
R4 — Sephadex G—200 # 1 53 — P—Cell-
ulose# 5 47 =<+ 7357 —>hydroxylapatite
HIZAIRTNITT 4 L LR 218 IR L,

2. v7 3 vEBtEF#R I P-Cellulose # 5 47 r =<
F7T 74 —T28%, DAO ALBUoEEL, 2hb
BREROGBpHT7.0, BEEE 40T, pHEER, B
B, #EAEBCNTIMERBIUVERERII I~
Lico 37 HIllY o Lo 7 ¢ vBIEHEOBER
EHEMEE L DR —H Lit, 2-MELD1,4—dia-
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minobutane & tryptamine Z ZhFhEEIZ L7
BREHEE 7~ 75 2 LOR—ESICREN,

3. U7 3 vE{LEEE (DAO A) HiE$E 318
unit/mg of protein T, disc BERKBMILE—T,
FEHE6,7TT, FEN120,0007T, subunit 4 F
60,000 D2BETH- ko FREERBUICH, »
AR =LERI e AF O VvBEIBATH - o

4, ABEOEHITHEMERDHFAPO Fs o v R
@ B—Nine, BOH8 XU UDMHK - THESH,
BAWT ve=v 2 %D CCCRIUBCBItL - TH
FEINEv,

ABRROEITICH O E N KWL T, BoEEFREEIC
BHoBzET 5,

X o

1) Mothes, K. and H.R. Schutte :
ew. Chem. (intaernat. Edit.), 2, 341
(1963).

2) Clark, A.dJ. and P.J.G. Mann :
chem. J., 65, 763 (1957),

3) Mann, P.J. G. : Biochem. J., 79, 623
(1961).

4) Hill, J. M : Methods in Enzymology,
ed. by H. Tabor and C. W. Tabor,
Vol. 17B, p. 731 (1971) Academic Pr-
ess, New York.

5) Smith, T. A. : Biochem. Biophys. Res.
Commum., 41, 1452 (1970).

6) Hill, J. M. and P.J. G. Mann : Bioc-
hem. J. 91, 171 (1964).

7) McGowan, R. E. and R. M. Muir :
Plant Physiol., 47, 644 (1971).

8) ME{E, HAK=  FI3EEHPFELKE(T
) ProERRESE 134 H (1978).

9) Estabrook, R. W. : Methods in Enzy-

Ang-

Bio-

mology, ed. by S.P. Colowick and

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)
25)

26)

N. O. Kaplan, Vol. 10, p.41 (1967)
Academic Press, New York.
Robinson, J. and J. M. Cooper,
Anal. Biochem., 33, 390 (1970).
Lowry, O. H., N.J. Rosebrough, A.
L. Farr and R. J. Randall : J. Biol.
Chem., 193, 265 (1951).
Fuwa, K. and B. L. Vallee
Chem., 35, 942 (1963).
Davis, B.J.: Ann. New York Acad.
Sci., 121, 406 (1964).

Andrews, P. : Biochem. dJ., 91, 222
(1964).

Wu, G.dJ. and G. E. Bruening : Viro-
logy, 46, 596 (1971).

: Anal.

Vesterberg, O. and H. Svenseen :
Acta Chem. Scand., 20, 820 (1966).
Nylen, U. and P. Szybek : Acta Chem.
28, 1153 (1974).

Achee, F. M., C, Chervenka and K. T.

Scand.,

Yasunobu : Biochemistry, 7, 4329
(1968).

Yasunobu, K. T., H, Ishizaki and N.
Minamiura, Molecular & Cellular

13, 3 (1976).

Yamada, H. and K. T. Yasunobu : J.
Biol. Chem., 238, 2669 (1963).
Yamada, H., O. Adachi and K. Oga-
ta : Agric. Biol. Chem., 29, 912 (1965).
Adachi, O. : ph. D. Thesis (Kyoto
University ) (1969).

Blaschko, H. and F. Buffoni : Proc.
Roy. Soc. (London), 163, 45 (1965).
Hill, J. M. : M. S. Thesis. (1967).
Reed, D.dJ., T.C. Moore and J. D.
Science, 148, 1469 (1965).
Suzuki, Y. and K. Yamasaki :
ogia, 39, 57 (1970).

Biochemistry,

Anderson :

Enzym-



FRBEMHE H 305 (1982)

Purification and Properties of Diamine Oxidase from Epicotyls of

Pisum sativum
AKIRA HIRAMATSU, MASUMI TSUCHIYA and TADAMI AKATSUKA

1. The purification of the diamine oxidase from the extract of epicotyls of Pisum sativum
L. cv kinusaya was attempted by the fractional precipitation with ammonium salfate, chromato-
graphy on columns of Sephadex G-200, P-Cellulose and hydroxylapatite. On the column of
P-Cellulose, we achieved a success in separation of the diamine oxidase, namely diamine
oxidase A and B. The purified diamine oxidase A was purified about 218 fold.

2. The protein content and enzymatic activities, using 1,4-diaminobutane or tryptamine
as the substrate, gave quite similar patterns by chromatography used the purification. The
diamine oxidase A and B were found to be homogeneous on disc electrophoreses.

3. The enzymatic properties of the diamine oxidase A were the same as it of the
diamine oxidase B and belonged to the same kind as the diamine oxidase reported by Hi114),
too. The specific activity of the diamine oxidase A was 318 units per mg of protein, and the
molecular weight of the enzyme and the subunit were 120,000 and 60,000, respectively. The
isoelectric point of the enzyme was pH 6.7.

4. The protein-bound copper, the carbonyl group and the histidine residue of the diamine
oxidase A were essential for enzymatic activity. The activity of the enzyme was inhibited
by B-Nine, BOH and UDMH, which were the hydrazine compounds, but not inhibited by CCC
and BCB, which were the tetraammonium compounds.

(Sci. Rep. Fac. Agr. Ibaraki Univ., No0.30, 47 ~ 60, 1982)



