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Characterization of p-Coumaric Acid Hydroxylase in
Membrane from Mung Bean Seedlings

Wakako TAKEUCHI

#

R B SR ICRER T AT VIR ESERE L TEIRTVDE S 7 21 VB
(3,4-dihydroxycinnamic acid) &, L-7 x = V7 5= H» 5 p-2 < IVEE (4-hydroxycinnamic
acid) # B THEARENBLIEDN ML —H—FEERIZLIVHL P IZENTVBYYS, p-7 v LV
PoHT A VEBENOKBILFIGICEbLABEIZ O W TIREE STV W, T S
HTHR) 72/ —VAFTF—¥ (LLF PPO L BERD) 2%, invito TAF L ¥ — ¥ RGO
WCHTEADE) 72/ —VEKBILT AL FOF L 5—BEMERTIENS, D724 0B
HRICBT D p- 7 I VBROKEALBIGIC B BS L Twd &) 326 H 545, THICH LT
i & % v, BiiICB VT, FEHES SHEWHREHEED tentoxin TR L - BT EE DO
B4 PPO &M% /R &3 pHS.0 ICEB pH # b2, H-LBETHS p-7 < VEL Fu F
PI—EEBRHE LA L ERE LD, ARTEBEESTORBEEOBEE ¥ R LRI
DPVTHETA.

]

KB B LUKBH &

1. KB

B E (Vigna mungo L. ) OFET %80 uM tentoxin KIS TR & MARICMIE L, 3 HE
BERT CRF T S €721, 1 BB L - EALK e BEROTEICH V7.

Tentoxin, Catalase (from bovine liver) %, Sigma ft X VBEAL-bO%HEHL, Zofto
HELSHRM BRI ECNCEL b D2 HW .
2. EBRFE
1) p-o <V Fu x5 — PREEROFR

Duke & Vaughn 5D F %Y & — R L, FLEKN TERSE, HO58 (40X 2, 3min.)
W& D debris - #WEEBRVH LD EER £ 51213,000X &, 15min. (4°C) T L 7.
"onzitlge, BRCHVZLO LR UBEHERO —EEICHRE Y, ChEBERL LT
DT OEBRIZH 72,
2) p-r VB Fu x5 —BiEMoHlE
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1. 0.2M, pH 5.3 NaHPO,-Citric acid buffer 100 w4
2. BAFIBEBE 7 » €= 7 LB 50
3. 30mM, p-7 < VEE (pH7.0) 50
4. Catalase ¥ (10mg/mé) 50
5. 6 mM NADPH 50
6. B F W 200

total 500

FREO RIS % 30°C 1 B SIS &, IRHCIRIITRIG & 51k &, #iHk e [ L AECRUE
O H 7 2 4 B EER L, 3200mTOREMEIL - TER Lz, WREHEC
3 HAS A B UVDEC-610B 4 ERN & AV 7o BRI, 7 7 = 4 VB U & [k
LB L2 O TR L, BREMICOFETIEBIAY 7 24 BAERE (nmol/hr) T
L7

3) BT/ —VEBLOT VM T oV DER

IO L > TER L.

4) PPO OiEMHERIE

B L - THlIE L 7.

5) t-HEER 4-L FO XL 5 —EoMB s L OETHNE

BAFTEA 4 g2, KE L 7250mM, tris-HCI buffer (pH 8.5, 0.7M Y V¥ b — LV E&EF)
20mé & WP B X 1 mM, EDTA, 37mM, A V7 AI VY U+ M) YL, K2 5—)V AT
0.5g #hMz, FLEKNTEM LD H3,000X g TLOGRMHELOHEL, =0 bif% fU94,000X
g TT04 ML L 72, 55 N2 %50mM, tris-HCI buffer (pH8.0) 2.0miZ8E&H L, 2 h
%#H\vT, Lamb & Rubery SO HFEVIZH#EUEHROBEE L 7.

BRBIUVEE

1. p7 7B ROF S 7 —HEHICHT 23 FREEOE KM
Tentoxin WLEE L 7- BT EA

DORERERZ RIS OFER % 2P &

AT ETlE, HELLE 2,

Table 1 Requirment of molecular oxygene for enzyme reaction
of p-coumaric acid hydoxylation from tentoxin-treated seedlings

AT ClEZERF TOHEEOR Reaction Conditions Relative Enzyme Activity
28% AT L7z (Tablel). Zh Air 100 (%)
3y RV IEETHRAL %A in vacuo 28

TOEMnETHY, N, HAEBR
DX OB A ST T, FOEMAES IR s Ebns. L LSS, B
ST CHECZFOFEUIIAONRD 2 EPOARBERE, P TRBRELERT LA F 7S
D—DThHhHEEZLND.

2. p-77IBErFOXY T —EORERREE ZTORRERY

Tentoxin JLFE L 7 EAEFOFEBEEOLEHEM IOV TRRZER % Table2 IR L2, €
)71 ) —VBIXUFOERLAWINMLIEE L TRV, REEROIEER AR IS
WS, p-o v VEET G R KERIL L 2. F 72, ZORUCERPO TLC 2 X A REM K &
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Table 3 [Z/R L7245, 5  Table 2. Substrate specifiaity of p-coumaric acid hydroxylase from
T30 O B R T authen- tentoxin-treated seedlings

ticeh 7214 VBEELE

Compound Tested Reactivity
CRILEHZRLA. &
BiZ, 2D UV ZAR% p-Coumaric acid reactiw'e
oL, OB A K A t-C¥nnam1c acid non reactw?
t-Cinnamoyl-D-glucose ” P
320nm 2 b O authentic p-Coumaroyl-D-glucose , s
N7 x4 YRREE—T o-Coumaric acid 7 P
O74—NVe5 2. 2 m-Coumaric acid ”
oDz eEnb, p-r < L-Tyrosine ”
WEEZ HE L+ A REEE 4-Hydroxy-3-metoxybenzoic acid ”
WX ARISERY S T 4-Hydroxy-3-metoxycinnamic acid ”
A VEETHD LS p-Hydroxybenzoic acid 4
p-Hydroxyacetophenone 2

nr.
3. p-77IEE RO % . Unidentified fluorescent product was detected.

¥ 7-tEOEFHEH

Table 3. Identification of enzyme product on TLC

KBEE O RS TERH
W EFRSR L LT L Solvent System Rf Value
THY, TORYEIS Benzen : Acetic acid : Water 03
WTHF T F—E¥DE (40:10: 1)
TSGR E LTRC =M Acetic acid (5 %) 0 61 (cis-form)
WKHIG N TWD L D %Fxt 0 22 (trance-form)
BRI R, Table  »-Butanol : Acetic acid : Water 0.8
4 TRLEE DI, Rk (20: 5 :11)

THWE L-7A2Aa)LE Methylisobutylketone : Formic acid . Water 0 93

YERED LAV TRaN (125:72:3)
Y o % NADPH % #% Isopropanol NH, : Water 019
(8:1:1
i ARVAR SR =N .2 :
FEEPSHN. ok
SITA VT RINE L Table 4. Electron donor specificity of p-coumaric acid hydroxylase
from tentoxin-treated seedlings

MNL-7TAaVE X

Db 2EHEELERL Compounds Tested nmol of Caffeic Acid Relative Enzyme
7Dk, TAaNY (75 mM) Produced/hr Activity
¥ — €D None 0.4 8
YT, 207029 Ascorbate 5.3 100

{2 electron donor & L T Isoascorbate 10 9 206
DEMPSEEHOTIt  NADPH 7.7 145
RuhEELSNLA, NADP 5.2 98
AT RIANE S EEIEE gilmitytl ht'etra hydropterine g 2 11519

utathione
PRI IEARPISAHAE L % 2-Ketoglutaric acid 0 0

WOTINhETRE, L-
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Table 5. Investigation of p-coumaric acid hydroxylases from variuos organs of seedlings

B ) Control Seedlings Tentoxin-treated
nzyme Sources
(Water-treated) Seedlings
Leaves 6.5-7.0 no activity
Supernatant 15
Optimum pH 00114 (27 1)
L-AsA / NADPH 15 no activity
PPO / Hydroxylase 00114 (27 1)
Precipitate
Optimum pH 6 5-70
L-AsA / NADPH 1.9 no activity
PPO /Hydroxylase 0 0029 (6 9)
Cotyledons
Supernatant no activity no activity
Precipitate
Optimum pH 50-5.5 50-5.5
L-AsA / NADPH 18 10
PPO / Hydroxylase 0 00042 (1) 0
Hypocotyls
Supernatant
Optimum pH 50-55
L-AsA / NADPH 25 4 no activity
PPO / Hydroxylase 0 088 (209 5)
Precipitate
Optimum pH 5055
L-AsA /NADPH 7 4 no activity
PPO / Hydroxylase 0.021  (50)

Seedlings were separated into leaves, cotyledons and hypocotyls, from which the supernatant and
precipitate fractions were prepared as shown in the text

A optimum pH of pcoumaric acid hydroxylase was determined by using NADPH as an electron
donor. The activity of p-coumaric aad hydroxylase was determined using either NADPH of 06 mM
or L-ascorbic acid at 60 mM. Polyphenol oxidase was assayed by the standard method

7Z2a WY EEB L NADPH 12334 % Km i % Lineweaver-Burk @ plot # TR & 725K,
NADPH I L Ti21.5X10M TH Y, L-7ZAI VY Y FHTIEHI.OXI0*M Th - /2.
NADPH @ Km 5, L-7 A2 VY Y EED Km fEOB X2 1 /700 %R LZDOT, LIEOE
E&Cix NADPH 2 BG4k LTHwA Z LT LT
4. Control (KNE) & Tentoxin MEBELPDEBREICH TS p-7 v /BRENOXFT T —
TOHEDOER

Control (KALEE) A dizid, ofyAMEm 4> (13,000X g, 15min @ ki) & EE % (13,000
X g, 15min OLE) OM K IIABRGEEAELT H2, tentoxin ALHFEA A IR 772 L
PIEAE L WS EERTERCIR R & B0 72, ThoMEICBITAMHA DIETOREZOE
B % a7 % Table 5 1R L 7T, T OREES S, tentoxin LUHOFZE (cotyledon)
OREHE S OEEFE £ Control O 2 & FHMS 5 H A% {, 212 Control Tid PPO iR
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FIETHHDD, tentoxin WHEAFOBR LR UHE O b OB T LRI E R SN
5. pr77IBRENOXDS—HICHT IHE

t—entoxin RELI-DS Table 6. Inhibitors of p-coumaric acid hydroxylase from tentoxin-
BEFTC 3 HMAT < ¢, treated seedlings
1 HGHRSY L - EE R

Inhibitors Ki values
& 53T, PPO x4« PEY o % o
. -Mercaptoethano 5 X 107°
P L, p-7 < IVEEL F ) )
(Sf‘ _p —E@Jfﬁif F Diethyldithiocarbamate 2.3 X 10*M
77 BAFS pNitrophenol 1.3 X 10°*M
A. COBGEANTE ke 1.4 X 10M
RER X9 2 B E A pChloromercuribenzoic acid (PCMB) no inhibition

DKifEx KD -HREY
Table 6 ISR L7z, B-ANAT ML H )= VRITFNVIF A+ H—N2 4+ (LLF DIECA &
B4EC) 13 Lineweaver-Burk @ plot {ECIHBEFMWAEM 2R L, M REEEEL 2 HEL /2.
I, p-= b7 2/ - VEBEFHAEOR AR L. &512 SH HEHTH 5 p-tafbsE Kk
ML EERE (PCMB) CRES AL o7, INSOMEERIC XL AAEOHHTIE, SBEETT
H%HPPO L XCHEBLTBY, FAMR—EEFICHEET S -HERE4- Foxs 5 —Hid
P-450BETH AT ENHONTWAH DY, ZOBFE X Fiko DIECA TRECHES W4 H
o/, DX RN, KRERITEESMIIC SH X277, FEECHLTREEOGV
AR R NI

6. 7o T UARICHELIFTT DIECA DEE

Lot 1Y) DIECA Table 7. Effect of diethyldithiocarbamate on total phenolics contents

BARBREMN M HE in mung bean seedlings"

L7 ®T, 2o DIECA :

B ERERREEAC Cc())r;c%lltgact/lim Water-treated Tentoxin-treted?”
Wb, K9 7x/7—n (mM) cffeicacd pg/g® (%)™ caffeicaad ug/g (%)
HABIC B XITT2E1C 0 o1 ) %6 0
DNTHANTHL. 20 3 61 (35) 56 (35)
#9, DIECA i (& 7 46 (51) 45 (48)
B 3 ~10mM) %5 < 10 37 (60) 82 (52)

TREONT by T = * ¢ ugas caffeic acid/ g fresh weight.
YOEEAHES N, B = . % of inhibition
W EHICASKLHRMBE 1 @ grown in the dark for 2 days and then exposed to for 1 day.
STy RYToY) B 2) : imbibed in 80 ¢M tentoxin solution
Pl BBONARMIZLE >3 LBREN:. 2ORBHIORT « / — VEOESH I
Table 7R L) SRR ER D, #IBEIOMMTIEZ D60% HSHHE S h7-.
7. p-77IBREROX S S—EEMICHTIEBI A DE

Table 8 IZ/R T & ) ITABERIEME L, Nat ® Mg R Ca™ TR ASEEE 3 h -7
DIZXF LT, Mn™ ® Fe'* HETTRRPETL, FAMBEL LTI HMbhTws T
F—ELFRRIZ, Cu**, Cu' TIIEBHES N, Fe* BRIPTEZOEE*EIRES ¢
B &) AR %5 27225, boiled enzyme # AV /-0, BEERMOBEHIIIFREDNS 7
A YBOERM»R SN, it p-coumaric acid hydoxylase (Zx+ 3 ZBIEHI & L TORE T
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Table 8 Effect of metals on the activity of p-coumaric acid

Ik B b D EE R hydroxylase from tentoxin-treated seedlings
Lbis,
Compounds tested Relative Enzyme Activity

L3 8] (5 mM) (%)
Tentoxin WLFE L 7= B Control (no additive) 100
T EATICRELZ EDTA 74
b EEE FOx o NaCl 100
— OB Meth 1
T WA A LA - -
=R, MnCl, 69
(1) 4 Fy—tiEtit FeCl, 255
£ RS WEHEOK FeCl, 39
BitEEETH O, p-7 CuCl 25
< WEE D AT RRKE 7 2 CuCl, 20

Bt e L7z, £ The enzyme was extracted and assayed using acetate buffer instead
72, TLC %X - of Na,HPO,-citric acid buffer All compounds were neutrilized with

T ORISERE 7 NaOH prior to addition
T VEBETHAZ L
HEE & 7.

(2) ABEOEBZRBICADFRBEELZERTAI LML F VY —EO—HTHHEER
Sh, EBTHGAKE LT, L-7A2VE VB D & NADPH (4 L THEIZK Y Km f#
(1.5X107'M) %45z 7-.

(3) EAPOMAOWE TOABEREE, TEOERBES UM @RS ST, Control (K
W) CHELESTIAUCEML 2 BROBEOTREEIIRE S L.

(4) SHEMHERIC L AHEEMD S, R THAITREOEV 2 EAVRE I NIz, Cu*,
Cut ORHETT, ZOEMHIZECHES L.

AWFFe A HIChrz ), HAMEELE ) T LA BRFRYED - AL 70 fiax
INEEMBIEIE, 7O MBS - ML VW X T LRSI =H0E, ST AR
BUCEORHOEEZRKLIT.
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