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Summary

A crude enzyme of psyllid hydrolyzed mimosine, a strongly
toxic substance for livestock, into 3-hydroxy-4 (1H)pyridine,
pyruvic acid, and ammonia with 1639.44mg of total protein,
307290 units of total activity and 1.87 of specific activity was
obtained by homogenizing 3g of psyllid body with 200mM phosphate
buffer (30ml) and centrifuging. Purification of the crude enzyme
was carried out in order of 60% saturated ammonium sulfate
fractionation, heat treatment at 60°C for lhour, DEAE-TOYO Pearl
L650, Buthyl Sepharose 4B columns chromatography and FPLC
with RESOUCE Q, MONO Q and Superose 12 columns. Purified
enzyme had 1071.71U/mg of specific activity, 0.14% of recovery,
and 570 times of purification. The enzyme with molecular weight
of about 50,000, maximum pH ranges of 7.5—8.5 and maximum
temperature ranges of 5.5 — 6.5 showed homogeneity by
electrophoresis. N terminal Amino acid sequence of the enzyme
was found to be ELEDDXKKFXNPVIEA
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1. +£25 XD

1995 4F 11 A ~1996 4- 4 H, 1996 4F 11 H~1997 4£ 4 H,
1997 4E 11 B ~1998 4E 1 A HiAR R UFi A B DIz B LT
W5 1~2m OF U A LADERICHAL TVEF VT I LY
S VS E PSS TERELL 72, SREURIE 275 B0 R Y N
VIIX VI IR, T-FITHEESE, foh, %
TG, ¥ty P TOIAEDT, BRFE LTS

2. BEROBREFEEE

(1) HEEEmR

FT7 3 3g12200mM V) CERERENE (pH7.2)30ml & A
¥ 3HMAESFA4 AL, ®OS8 (12,000rpm, 30min)
LT, EE%1, FREMEBEERE L,

(2) BrdeilBe:

MBERIC 60% 8% 5 X ) ICHRET v E= Y A%
Z, —HKEBZEFCTHEHEL, FO%BE G5 (12000rpm,
20min) L, ZOLEW% 50mM U v EEEEHR (pH7.2) T
FOBML, #0508 (8000rpm, 15min) L, EoHhs -
EABERE Y 50mM )~ BB (pH7.2) CTYEMLL /2
G —25Sephadex (Pharmacia f) %5 A (4.2X145cm) 12
MFT, B

(3) iy

Fii3E U 7-BESRE 50ml 14, 50°CTC 1B, R & 1 > F =2
N— & — oz FOHELSTEE (12,000rpm, 20min)
L, ELSAGERERE LTS,

(4) DEAE-TOYOPEARL 650M A5 A2 O F7 57 4 —

BAUVEIRE RO, 50mM ) U EEEENE (pH7.2) TYfEL
L 72 DEAE-TOYOPEARL 650M (v —#=&tt) #5
2 (32X16cm) (CRE S, FBERTH I L5
&, 200mM Y v EEEMEE (pH7.2) ZHv, 75273 a3
2L 7y —T10ml 2045 L 2D, BHLZ,

(5) ButhylSepharose 4B #5427 0<% F757 4 —

DEAE TOYOPEAR # 5 A THSN/-BEERIZ, 1M 12
AL ERNZ, IMEE% &t 50mM Y~ BRiEE
i (pH7.2) Tk L 7z ButhylSepharose 4B (Pharmacia
) H T4 (3.2X16em) (I S, RBER RS L7
%, 0.5M HiZ % & 50mM V) Y EEREE (pH7.2) TiHEH
L7z,

(6) RESOURCE-Q #5 L2707 57 4 —

Buthyl Sepharose 4B B¥#iiid, F3°20mM Tris-HCl #&
R (pH7.2) TBREATL, ELOEEL 7z, RICFDOEEE
#1302, mD7 4 V¥ — %L, 20mM Tris-HCl #&{&
(pH7.5) (FEEEA) TF#{L L, RESOURCE-Q (Pharmacia
) AT L (6ml) ICO¥, FEBERTHRELER, IM
wWAbF + Uy A ANY 20mM Tris-HCl B (pH7.5) (4%
B B) OEMEEAEET, ABZLHEHRSE, L3
DOFEZ%13 Pharmacia ## ® FPLC 12 X h 7wy, B0
~60 - CREBHBIL 0 ~60% DIBEICKL LS iIcTar s
4L, ViEE 1.0mlmin TITo 72,

(7) Mono-Q 7542702574 —

5 N7 BRI R ERNE AT 5~6 f5IZAM L 0.2 m
DT ANF =B L7, FEETR CHE L L 72 Mono-Q
HR5/5 (Pharmacia ¥t) # 5 A 24372, Z O84S FPLC
Iz, WREWA TG LB, BREE B OEERE
BT & D AREE R B L7z, BN 0~25 S CREETE B i
0~50% DIREEIZ 2 A L H 127077 4L, i 1.0ml/min
TIT o7,

(8) 2nd Mono-Q #5420 M7 57 4 —

ZD X)L 7RI A R A T 5~6 REICHAIRL
02,m®D7 Ay —IBLH, HU, FREHECFEL
L 72 Mono-Q HR5/5 % LI L7z, ARMEH A THEEL
7otk, RREE B OHMBEAREIC L W ARRL AL S
720 TEHIT 0~25 5 CRREE B 12 0~50% DIIEIZHS X 9
Z7u sz AL, H#iE 1.0mlmin TITo 72,

(9) Superose-12 T LZ T IS T T 4 —

2nd Mono-Q D5 M4 % CENTRICUT (&b
&), B XU Centricon (Amicon #1) 12X » CIREER%
110720 IBMEVE A 200 ¢ % 0.15M 3E1LF MY 7 4 %2 &L
50mM V) v ERAREWR (pH7.2) THFHEL L 7z Superose-12
(Pharmacia #) # 5 & % Hlva 72 FPLC IS L 72, i
0.2mY/min TH NV HBEIT 77,

3. BEIHONE

50mM Y v EEREER (pH7.2) T, £9°IEY % Imgml
WL L, ZOWAE 1000, FIRRER 9010, BEFRW 25
w ZFIMLTH0CT 1 RMRUG L7z, NGk 24-Y = b1
T x =k BT Y VIRRRET E 50 16 AR, 30 ME L,
TIZ AN KERAEF D)7 A% 250 M2, HERLZELE Y
s e L7,

FREGEHT T 142 1 nmol @ ¥V ¥ ERASEREY % B
FErx 1Hf (U) L L7

4. 3,4-DHP OAIE

RIS CH U7z 3,4-DHP 1&, # 7 4 shimpack CLC-
ODS (150X0.6cm) % HWizEEikfkra< 7571 —
(HPLC) Tilll5E L7z, HPLC D&Mk : oven i 50°C,
UVdetector 250nm, 7> 7¥i#E 1.5ml/min THIE L7z, #
B3 30mM VU VEE2 KEA Y A (FFR TV MUER)
10mM V) > EE% 9 pH2.0 I[CFEME, FOREN 11007
L hZ MYV (EEBEEsO N 7T 7)) BNAB, #
DREED 0.01%1-F 7 %V ANVKVEEF M) YA (4 F
R77uv M7 I7H) 2R %, 02pm DT A VF —%
WML7:, BRI, BRHL 02 m D7 4 Vs —
el L7 L7z,

5. §IOBDOME

¥ 37 &id Bradford 3% % WV Cllsg L7z, 1EH#s >~
NREBIEYVIMET VT I BB L, B, &EA
AU NI 74 —DBEBEOY N BIEHR
280nm THIEL 72
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6. BEBROBRAEE

SDS-FUT 7 UNT I FERKKE (SDS-PAGE) 37V
B 12% TlT o7z, BERSY VNV ERMIEI Y —< v —7
YT ¥ P 7= (CBB R-250), $RY:MmITRDGHEE T34
HodgExy FERCTRERE L, STEIERS » /8
2 ’E1ZiZ Bovin Serum Albumin (68000), Ovalbumin (45000),
Carbonic anhydrase (32000), 3 -Lact Globulin (18000) ,
Lysozme(14500) ® 7 > a VKRG TFHA Y v ¥ —F %
Img/ml (2% 5 L)AL, sHEEZ2EBELTAY V¥ —
F& LTHW,

7. PFEOAE

FVHEra< T 74—k ) GfEiEEE L7z,
Pharmacia #1#4® Superose 12 % F\>7- Fast Protein Liqid
Chromatogaphy (FPLC) |2 & ) #l5%€ L 7z, Blue Dextran
2000 ZE#e - L CEMO 7 o2 BonBER 2RO 72,
M Y 37 BT Serum  Albumin (68000) , Ovalbumin
(45000) . Cymotrypsinogen A (25000), Cytochrom (12500)
EAER L7,

8. N XRIHD 57

A Mono-Q 7 0% M5 7 4 — 2 X WIEELL /2B
FY NI % SDS-PAGE (2 X WLz R T2
7 3IFEOHBS 32 D EIZ polyvinylidene difluoride
(PVDF) J& (Bio-Rad Lab.) 20870y 54 v 7 %o
720 TH YT 4 ¥ 73804747V, CBB T PVF R4 gufa L
IRV UGRBRONY FEGVHEE Lz, Y0MEL
PVDF JEix ¥ D 5 W {b% 47\ Applied Biosystems
model 473A # WA 7074 V=4 % —IIhitiz,

TaTA Y= yH—=idTa b a-Viftotz, BE
BT I BENOREOY BRIV —F v b &
FANTIT > 72,

RERBER

1. BREORBR
(1) ¥V7 IHERROBREE
F37 1 30g 12 250mM ) VEEEENR (pH7.2) % AN,
FREFFARXL, ROGEHL, HELABEROIT Y
SRR, B /87 & 1639.44mg, FEME: 3072.90
Unites, it 1.87 TH o720
(2) BRECEE 5 OB T
Z ORI EOIANRED 60% 1272 5 & 9 12i%
A, —HEHEL, =058, {5 N REEG O
FiEME, HERICIERT, L13fEREans,
(3) BiiEALE & BB DR F
ZDOWME B 5% G-25 Sephadex G-25 7 7 L2+, Jith
L, B 5 b HHEIEIE74.95% T, 142 {525
N7z,
(4) DEAE-TOYOPEARL 650M #5427 Q< N5 7 4 —
DFhE

1.84 ———g— Absorbance at 280nm
e Activity(Unit/tube)
1.6+ - 200

- 100

Absorbance at 280nm
Activity(Unit/tube)

0.24

Py b
0 20 40 60 80
Fraction No.

Fig.1 Anion—exchange column chromatography on
DEAE —TOYOPEAL650M of mimosine—
degrading enzyme from psyllids.

200
—— Absorbance at 280nm
g ACTiViCY (U nit /tube)
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Fig.2 Hydrophobic interaction column chromatogra-
phy on Butyl Sepharose 4B of mimosine —
degrading enzyme from psyllids.

IR OREFE T E DEAE-TOYOPEARL 650M % 7 Al
DD & KERGDOARBERD N T LA SN0 T, 200mM
) CESERET AN L7z, WA OIS, 25.49U/mg T,
THPHENE I 40.71% T 13.6 ARSI (Figl),

(5) Buthyl Sepharose 4B 71 5 A DXIR

BN T A0EER IM %5 XD 1INz, Buthyl-
Sepharose 7 7 LD, TRZLEELS0.5M 2% 5 & 9 12hE
ZxINZ 72 50mM ) v EEEET (pH7.2) THEH L, £
DOEHEROBEE O HIEEIE 94.80U/mg T, IHHENE 32.23%
T, 50.58 fFIcfEH sz (Fig2).

(6) RESOURCE-Q # J 2 DO%h#:

B T L 0iEERE, 20mM Tris-HCl #% & (pH7.5)
T—WuENT L7-0 5, RESOURCE-Q 715 Alco+, IMiE
AbF b)Y A RY FIRRER CEL Lz, ABERITIERE 27
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% CHEH S, itz 87.93U/mg, TEHIE 6.5%127% 0,
46.91 fHIcER s e (Figd)s
(7) Mono-Q /1 7 A DRhHF:

B 5 A OWEWES% 20mM Tris-HCl 48 (pH7.5)
THEFE, Mono-Q # 7 AL, IMIEfLF MY YA K
D FERRE A U, AERIIHIEE 28% TS h, #
D IIEME 107.04U/mg T, {EHEINEIE 3.41% T, 57.11 1512
BE s (Figd),

(8) 2nd Mono-Q &1 J 4 DO5HHE

Hih I L O % 20Mm Tris HCl #8f# (pH7.5) T
FW%E, Mono-Q 7 7 A1ZANL, IMIEILF P Y LAD
FRREA N U7z, AREEFRITIEIREE 27% T S 4L G
1% 245.79U/mg T, (HMENE L 1.18% & %2 1) 115.56 15124
#wah: (Figh)o

800 60
4 ~——e—— Protain{zg/mb
700 ﬂ e Activity(Unit/mb
) k50
600 4
- 40 =
= 500 [
1S ~
> =
3 400+ L0 S
H >
3 =
= 300 2
=] -
- -2
< o 2
200
+10
100 4
0 r r v T - X4
20 30 40 S0

Fraction No.

Fig.3 Anion—exchange chromatography on RESOURCE
Q of mimosine—degrading enzyme from psyllids.

500 50
g Protein(zg/mi)
e ACTVICY(Unit/ml)
400 - 40
~ 300+ Lo E
£ 2
3 S
a -
~ Pl
S 2004 F20 =
Q :
5 S
& <
100 4 10
0 r 0
10 20 30
Fraction No.

Fig.4 Anion—exchange chromatography on Mono—
Q (5/5) of mimosine —degrading enzayme
from psyllids.

#5075 (2003)

(9) Superose-12 1 7 L DXhHE

HiH 5 4 OEM: % £ DB Superose-12 71 7 AT
L, 0.15M i1k b U A A D 50mM V) BRI ENR TR M
L7202 @ Superose-12 7 )V A# 7 1< b 75 7 4 — TidH
—Z VINTBEOE— 7 3B NG o7z, 0.14% DIEEIT
ETRH 570 fRIcEE s, HiEMIZ 1071.710/mg & 2 o7z
(Fig.6)

VYED Iy v RBEROBEAROLEREIIBITS 4
Yy BB L OBREEORFIL Tablel 1I2F L7,

R OAREE % SDS-PAGE THUE % JI_7EE, 12
FH—H Y FREELNRT: (Fig?).

180 4 ~——e&— Protein(xg/ml)

e Activity(Unit/mD
160 4
140 4
120 4

100 4 - 10

Protein{ ug/ ml)

80

Activity(Unit/ mi)

60 4

40 4

20 4

. - .

20 30 40
Fraction No.

Fig.5 Anion—exchange chromatography on Mono—Q

(55) of mimosine — degrading enzyme from
psyllids.

~——e——— Protein(ug/tube)
74 e Activity(Unit/tube)

Protein(ug/tube)
Activity (Unit/ tube)

Q T 0
30 40 S0

Fraction No.

Fig.6 Gel filtration on Superose 1 2 of
mimosine —degrading enzyme from
psyllids.
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Table 1 Purification of mimosine-degrading enzyme from psyllids.
Step protein Total activity Specific activity Recovery Fold
(mg) U) (U/mg) (%)
Crude 1639.4400 3072.90 1.87 100.00 1.00
Ammonium sulfate precipitation 1388.3904 2953.14 213 96.10 1.13
G-25 sephadex & Heat treatment(50C) 1 hour 862.6310 2303.03 2.67 74.95 1.42
DEAE TOYO-PEARL 650M 49.0880 1251.05 25.49 40.71 13.60
Buthyl Sepharose 4B 10.4469 990.42 94.80 32.23 50.58
RESOURCE Q 2.2710 199.69 87.93 6.50 46.91
Mono-Q 0.9776 104.65 107.04 341 57.11
2nd Mono-Q 0.1422 34.96 245.79 1.18 115.56
Superosel2 0.0039 4.18 1071.71 0.14 571.77
100600 ]
68000 =
=)
45000 g Ovalbumin
=
g o Cymotrypsinogen A
[
32000 °
p3
Chytochrom C
18000 10000 r e : '

14500

Fig.7 SDS—PAGE of the Mimosine — degrading
Lane 1, Mimosine — degrding
enzyme , lane 2, standard

Enzyme.

2. H¥E

Superose-12 7 )V A% 5 2°C, FPLC 12 & ) AEEDS
FEAROIFER, $51000 LiEES R (Figs), %38,
5 Uy G OEBERRNIL I E Y v ER R IIE L TR
726 F 72, SDS-PAGE 12 & V) 3Keb7251F213#) 50000 TH >
I lph, AEEIIE/ v—ThbsLEbNS,

3. E@ pH

B L bR EREEVT, ABZOEHEEMEEHA
~7z, pH3.5~7.5 iZ Mcllvaine &/, pH7.5~8.5 i 0.1M
Tris-HCl #2774, pH8.5~10.5 (30.1M KEEF b 1) 7 & —K
RO E R AV, 50CT1IRRRE L, ZO/FE
AEZNOEE pH 12 7.5~85 OHPFTH 5 2 L hbh o7z
(Fig9), =3, E#74|3 DEAE-TOYOPEARL 4% fv»

Retention time

Fig.8 Molecular weight estimation of mimosine —
degrading enzyme by FPLC gel filtretion on
Superose 12.

TiT-72

4. EEREBLUBREN

50mM Y > EREEE (pH7.2) % F\VT 10C~80C D&
THRERSZ B IRV, RICREOMEBRUE~NOFE LR
Rz, BREREIZ55C~65CTH o7z (Fig10) . KRITARE
Fi R REOEE (50C~70°C) T 1 BERIINEL L 7-pkfrhs
FEWEHE L CBEES AR L7z, ABERIZ 60T T
FREEET, 90%LLEOBEREEATAE L7 (Figll),

5. BURFLHILEY SBEOEE
7IBMHTHBEREL L TEHVWLRTWwAYEY F

FH0 5 VB (PLP) BRI AEEEZRE L7,

PLP %Mz % &, BEEEN Figl2 \ORTLH I ER L,

6. N KEEDRE
IEY VHREEED N KD 16 FREOWN 14 BBE L HUE
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Fig.9 Optimum pH. The enzyme activities were
measured at various pH. The buffer Ssystems
used were ;7, Mcllvaine buffer; ¢, 0.1MTris—
HClbuffer ; @, 0.1MSodium carborate —boric
acid.

100 +

90 A

30 4

704

604

Relative activity (%)

40 T T T m
0 20 40 60 80 100

Temperature (°C)

Fig.10 Optimum temprature. The enzyme activties
were measured at various temperature in
50mM phosphate buffer (pH7.2).

L7z, Z0O8RE, #0031 ELEDDXKKFXNPVIEA T4
B ENbhot X IIHEHAT) (Fig.13),

FEODY —BREITo72L 2 AEVHENED b DD
SNLh o7,

Z ¥

FHELAE CABEZ © 50°C T 1 BB 24T 5 7225, 1F
PR ZA 75% CHOHIEIE 14 15 Ik o722 e 2 s, KR
RIS WEUIEET, 60°CT 1 BRBIE 41T -

%505  (2003)
!007
<
S
N
>
=
=
]
8 80
o)
=
5
o
[}
o
60 v T —- T
40 S0 60 70 80

Temperature (°C)

Fig.11 Thermal stability. The enzyme solution was

- kept at various temperature for 1 hour in

50mM phosphate buffer (pH7.2) and the
remaining activites were measured.

20

3,4-DHP(xg/ml)
S

Crude enz.

Crude enz.+mimosine Crudeenz.+mimosine+PLP

Fig.12 Activation of Mimosine —degrading Enzyme
by Pyridoxal —5—phosphate (PLP).

T 90% L EEEIFRAF L7z, FBE0ART, IMO%E
&R T, Butyle Sepharose 4B # 5 A I IAEBEF T & TS
BN, 05M BZEECHEE IR Z L0 s, ABEIBUK
HE2L{AETAEEZOND, KIZRESOUCE-Q 75 A
DA, EHRIEAT 32% 55 6.5% 1A Lz, 20
P ORBRIIIMBIAREETHo e bEZLNLL,
T2, FEASLCEESNAEI LIZE VAFEEALLZE D
EACY (N

Tangendjaja® 53¥ > R LEHRH S I T V5 REER®
SEEL, FO5FEHI000 THLHEL, —7F,
Murakoshi S ¥ 22D I EFY VEARBEOSTEIT
64,000 TUODY Ty b h SR L EHELTWEY, K
MEeTE-F V5 303 Ty VHEBREDSTFEIT 50,000
THY, FURALEEROIEY VHHRBERIEL V4
BEEELISTFEVRRLZLI DS, £ HoBEELED
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Glu-Leu—Glu—Asp—Asp—X-Lys-Lys—Phe—X-Asn—Pro—Val-Ille-Glu—Ala

1 3

10 15

Fig.13 N-terminal amino acid sequence of mimosine-degrading enzyme.

N5, B2, AEEFEO N KIRRYIZRFED Y —REKEE
ﬁotﬁ%,$@%t%wﬁHW&%T&yﬂ7Eu%%
ENLDolzl L XV T INCHET A IEY VR
BEEIINT THLN TV VWS OBRENLEXETH
BEVEZONE, ST UNIEEVSELT IR
BEL16 T CLIRETE o7, SHRIIFICHRLT
N KURRLFIE 2 R T 5 LEDPH 5,

AEFE O EH pH 1E 7.5~85 O#EFHICH - 72, LK.Smith
513 FUALEFDIE Y VRBEEOT R pH N,
Tangendjaja & (3" ¥ A AFFEH O I EY Y OHERIZO
WTOERpH #H/TVAED, Wihd E#pH 1280 T
HY, FHELORFLIIUTHL T,

HEO+x) v Fe Foy—Bid) K35 L) VBBE
BRLELEY VR ENVE VB TV ESTINET S, £
P2, VATAVERT I ALT BV ATFA Y TFTALVTER
F—ELYY FXH L) VEREWEERLL, VATA V%
ELVEVERET VEZT B L URALAEICHHT 5, ¥V
TIDITY UHHEED CNOBRORSAREH & <
PTBY, IFVyRENVEVE TUrEZTBIU34-
DHP i25E S A2 UGOBE Y FE V) VB LEE L
holze LAL, ¥ FFHV) VEERRIMT A LI
I HE®EIERL, BIZE) FEHL) VEERUN &
L2774 T4 =209 7774 -CTHEY FFH—
VY UEREBAMEE Lo L, WEENz, ZOLHIIFY
5 3IIFEVUNBERICTREY) F3y—1y) VERE
PEE LW, BREERTIENE, RAL2OMRER
BHbHLEBbis,

£

DIEL R ENVEVEE TrEZTHEIU34-DHP (25T
B IEY UOMEMEERETRH VT 2 30g 12 30ml @ 200mM
U RS pH7.2) 2VNTRESFA XL 272, FOB

TRy 737 8 1639.44mg, #lETE 3072.90Units, HiH
E1Wf@oto

2) F DRIEFRTE 60% Bafig ik, 2, DEAE =T
OYOPEARL650M . DEAE-TOYOPEARL650M , Buthyl
Sepharose 4B, RESOUCE-Q. Mono-Q. Superose-12 7
SAzUTMNST 74— L, EER
1071.71U/mg C, EMEEIERIL 0.14% T, #9570 iz o7,

3)FEEL L 2RI B RUKEIR I AR L, TR
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