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PR R OB F 133% <, 1934412 WhiteV 27 F = F 2 IV THIFA SO & %851 74 A5 BEFE+
ZHABE B0 N, RMIOFIT, 1958412 Steward? 13¥ID T = ¥ ¥~ Bilifas 5 I8 % ik %
1§53 Z LIZRINL, HWHMERRD L2 REME % SIAEL 72,

ZOMMIEREMVAZ L THECBEMLL =&MW % in vitro THIE L SH>F T, 30k
HEHEL NV THERV IR D 2 & AR, B oo LA > T, WYL E IR O£ 5t &
T, BELZ EOMBICFEL HikE L TERRPEEZh TV 5,

T, FICHESEIEOR OMEAERNATEE S NI LD, RABEDO &SRR OE
R, SHIERERRSEENDCRAIEZLOSND LI E > T &7, MEPHLEERIC L 3 HRRH
EMIOEFEIREE 222 LT, 1, SUELZ2 LR INT, wPEL2S LK h, ASHHAEE
& AEEMOREMNE LEF 52T, TEMBBECERARBEMEEETE I LV FEN S
%,

UL, O KRARBICET 240 - EL2FROBL, BUIWEEETEERS, BERLR
BT AR RS KIBICTAE L TOWBDABIRTH 3, LMo T, WPmsEc
LA MBEEEERINE ¢ 35\ I0E L HEMAR AR T 5 ) 2 T, HBEMIRICET S X
REOEMFNFBRBORIL, KLZLDTELZVMETH 5, Fi2, ZRRMEVOLEE, K
U2 DANSBWRE 2 BT 208, IERBRBERM, PR CHLHEWALVE VT 2 ORRBEE 0T
DVWTHIA Z L P EREh 3,
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AL, LIEOBBEICEL, s MR ICL S 7<) VEERIIHT 3, BAOHERTFIC
DWTRET A MAHTOLEMA LV EY & 7<) VIRERRBEERER & DBFICOVWTRAL, 7<)
YHAERDILFERFAR B LRE AT 22D ThH 3,

ENE |

W1E 7<) VEERIIHT 3RBEOME

FoNIEERMBADER T 3 RHEMZ OV TRIT L AR, 7~ VEIBEY CHRERY
2, AARLF VR, OFBEARTHIAIRY) YEREShE, FOEEILHIEANIC 2mg /g -
dry wt., BEHPIZ 2mg/8 ThH -7, BEEEICEWVWT, ARV F VISMRANR OB I EiE s
h, 228 VTR0 ICERBsh, Bzt ahidhr o, —F, EREMERVAE
HAFBETIE 7~ VEHEOERIZIFEEALRD L o Tz,

BBERIZH T 2MIa0EiE, XU7 <) YEOEHEDO MBI 5 EIFEL 2 Fig. 11IZR L, 7=
U YEAERIFBEMOBKEAL, UHRIIBERE LY, ZOREBLL 7,

Kiz, <Y vEERIINTIRBEOVEBIZOVWTRITZMZ . ZORER, BHIZET LS
sucrose Xi3") VEE&HIBRT 3 2 & CC/NLEE T ¥ 52 & T, KU casamino acid®iFEiliz &> T,
BAZEHIZZ <) VEOERIPEART 2L FBH LN,

Fig.1. Time course of scopoletin and scopolin formations in tobacco
tissue culture.
—%, 7.%') %3 phenylalanine K VS E N 3 Z & ARG & T3 % Z Tphenylalanine
DRETERE L U TOWRIZIRIZ DWW THRET L 72, Phenylalanine EAOEHNCIIMIaEMEHE AE L W
&, TI/BEAWTHY, o) YEERIZHEDID 5N /- casamino acid # phenylalanine
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@2 : Scopoletin in cells
~ 0.2} ,
= [ : Scopelin in cells
f EY : Scopoletin in filtrate
L; M : Fresh weight
=
- ¢
, 80,11
S % ~
% E

g IS E
< -
P £
vy 0 Lo s N s
Casamino N )

scld - 03 03 03 0.3

L~Phe - - .01 01 0.3

Fig. 2. Effects of L-phenylalanine (Phe) and casamino acid on
scopoletin and scopolin formations.
LRERRINY 2 2 & ¢, WHEEIREGIEsh, 6127~ VEERITBEEERKELD L, X, ca-
samino: acid BMODIBE LD FEL WERIEESIR» T 5h /- (Fig. 2),

PLEDtRiz, 7<) YEERCRARBNEEIIRERBE, BFIIRBERICL--TELIEAEhS 2L
APRENT, PTHRIBEDORMY RBEMOERBERIZEDTH 3 Z & IRE N,

FE2E <) VEERIIET IHEMALVEYDOR

R VE VIO L, BoLE2» 0 T <, IO RRENEEISEL T muEE 52
BIENBOENTVEY 22T <) VAR AT BKEENE L OBBIIOWTKRFLEZZD
R, BBz H \WTIE, indoleacetic acid (IAA), 2.4-dichlorophenoxyacetic acid (2,4-D),
benzylaminopurine (BAP) 7', Xi#F##%1E#HIZ 3\ Tid naphthaleneadetic acid (NAA), kine-
tinDFMMBERDTH 720 512, BROI-72HEMA VT L 2HEEDETHREML 23548, BHic
BAP & NAADHAA b IEE 4 HHOBEIZHNERDTH > 72,

DIEOFER LY, M¥FVE VI, ZOfEHE, RE, RS L0 R REHEE 235+ 2
&, ZRAEMOABEIEIC W TIRELEREZRFTH I LA RE N,

—F, B EMZ MR T OFTH2, 4-DIZBBEOIRL AL, Bhhr50X 3RV F ¥
DHFARANDOEY AA L1, 22 RLF oA 528 VADEHERMLEZELIRET 2L 432
7 (Fig.3)o

& 512, phenylalanine #FIER{R & U THEML, ZIHEMANVE Y 2ERERS32LT, £ —
BOEMILEDREZIFL, Zhikaitl /2 (Fig.4), Z D&%, phenylalanine #7RAIN L 72880 E
DHEBAEERIF A, phenylalanine & kinetin##lA S b 22 & THEO SN, BEERBOK 4 %1
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Fig. 4. Effects of kinetin (KIN) on scopoletin and
Time {(daoy) scopolin formations in the presence of L-
Fig.3. Effects of 2,4-D on the incorporation phenylalanine (Phe) and casamino acid (Cas).
of scopoletin into cells.

FCHARESEH-,

CORERIT, BIEKARZGML, 512 Z2ALTFO RABEH 2 IEET AV E Y #ER S ¢
58T, BNZRAHEDEDELCERS I ZEPARETHSI 2L 2L 7,

LIF, kinetin, 2,4-DORIFIZDWT &0 FMIZRETL 7=,

FIE <) YHEERIZHT S kinetinDEHR

FE2ETAL 2 kinetin® I E 122\ T phenylalanine ? scopoletin, scopolin, lignin% L T pro-
tein A@(‘%?ﬂb:?@'ﬂ‘ 5 kinetinDFE L SREFL /-, ZDER, Table IIZ/R3HEIZkinetinld phenyl-
alanine® scopoletin, scopolin "D H FIFEMIZIEEL T B Z AR ENT,

7<) ¥t phenylalanine» 5 7 x =)V 70/3 ) f FRZBAEBZRTEERENBZY ZOZRKOVIE
¥ Cad 5 phenylalanine ammonia-lyase (PAL) #', ZO%HKDkey enzymedb £z 5h 3 %
Z Tkinetin® PALTEMIZ 3§ 2B DOV TRIT L 2 (Fig.5)o Z DR, kinetiniZ &) PALYE
AT A2 EARD SN, 512, ZOWEEDE AL, kinetinifihllE#IZ actinomycin-D (Act-
D) 7MY 3 L& ICHES N, kinetinifil 8 BEf#%1C cycloheximide (CH) %ML T & k%
CBHE S Nz, LA L, kinetiniihl 8 BERIHIZ Act-D 2 IRAI L 2354, BB KIIHEx L »
o72. X HIZ, kinetinld2EE, ZRNAGHIZIIRE L5 2 b o7 DEOERELY, kinetinid
PAL-mRNA® transcription # {2 L, de novo 5 %ML, PALIGME %2 K&+, phenylalanine
D7) VENORBEEES T TR ZLPREN,
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Table I. Effect of kinetin on metabolism of L.-phenylalanine.

After addition of Xxinetin (1 wg/ml) and Phe (0.1 mg/ml}
on the Sth day, [U~4c]-Phe (1 wCi/mi, 424 mCismmol) was

added on the wth day after inoculation

Time after % Radicactiwity incorporated

agdition of Scopoletin Scopeletin  Scopolin protein Lignin Phe in Recovar
{u-14¢0)-Phe  in filtrate in cells in cells e cells | COVERY
{thr)
« Finetin
48 1.3 (4.547 0.0t 16.14) 0.4 (1.46) 55 0.5 15,1 76
72 1.3 (7.02) 0.D4 (0.23) 0.6 (3.04) €3 6.2 s.7 75
+ ¥inetin
48 3.3 {16.1) 0,24 (1.311) 0.8 (3,34 48 0.4 9.5 62
7z 4.2 (27.8) 0.05 (0.32) 3.5 (32.3) &4 c.4 6.8 72
* dpm/geFr, We. x 1077
% 4% ScopoletinOEHEKRILIZH T 5
2,4-DDOXHH
= 2,4-D12 & 0 5 O scopoletin DA
oy .
s L5k aginetm ANORYAA, & 512 scopolin\DELHEAAL
o ARAY & . —
e Pt o PEESNZZ L 4B 2ETRLE, 20
:3 3 \\ ",
2 » -¢~\ f}?m \\:\m 2,4-DIZ & % scopoletin D EeHERALIEERD R
A%l ] oy . N
\A\\’"%“HD Ol OB, CORBMLIEST SEETH
“i_"? \‘\“L\\A ,fgéw'g % UDP-glucose:scopoletin glucosyltrans-
f:’; 0.5 70‘“::_“@ '“‘““%'" S ferase (SGTase) DFE L WIGMEHKIZED
P T - - - . R
2 why e (ZeaBOE, 512, ZOHEROHRS
0 y ' \ N Act-D, CHIzkwlZEshzWwZ ¢ (Fig.
0 16 26 6), RUFEBAD AT L7OT T TT7 4 =12
Tiwe (e £ 2,4-D ¥ SGTase & 2,4-D ML

SGTase % & 4 BRIKBIIZH— ITHEHL /-
EATE, crude extract & [Efk, 2,4-D L
1 SGTasel3 BULEE SGTase |2 b R10fEE W

Fig.5. Effects of actinomycin-D (Act-D) or cyclo-
heximide (CH) on L-phenylalanine ammonia-

lyase (PAL) activity enhanced by kinetin.

Wit ERT 2 EAREN L (Table 1)

D ED&ER L, 2,4-DI2 & 3 scopoletinDEMEARILIEEZD R 1L SCGTaseiGFENZE L WAz A
LTHY, ZOEROHAITKinetinlZ & 3 PALIEMEOB KL IEIRE D, SGTaseDde novo ik &
ArEhv, REOERL NV TOFEEIEIS Z RSN,

H5% 2,4-DO SGTase~DiEH L iGN

2,4-D & SGTase & OREN 112 SGTase DIEMEAL & MBI T 5%, UTORLZMRA 2172 -
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@ 2,4-D

A 2,4-D + Act-D
o.4b ) 2,4-D + CH

* O none

S6Tose activity (mU/mg protein)

) ~C
1 1 1 1 1
-3 i 5 10 15

Time (hr)
Fig.6. Effects of actinomycin-D (Act-D) or cycloheximide (CH) on the

enhancement of scopoletin glucosyltransferase (SGTase) activity.

Table II. Purification of scopoletin glucosyltransferase

Protein  OPECAEIC oo cication Yield

Fraction acrtivicy
(1o} (il ma (~fold) 1)
2,4-D(+)
Crude extract 207 0.54 1 pRere
(NHy 1580y 54,3 1.820 3 80
Sephadex G-100 14.7 €.60 11 &
UEAZ-cellulose 7.4 ic.z 12 [
Aydroxyapatite 0.560 72.86 126 1%
Sephadex G-~100 0.12 114 1%8 11
2,4-0{~)
Crude extract 230 £.055 1 100
(NE;; 2804 53.7 0.174 3 74
Sephadex G~100 14.0 0.50¢8 11 67
DERE-celliulose 6.8 1.014 23 62
Hydronyapatite 0.6¢C .45 23 6
Sepnrdex G100 2.1% 1L.6 Zit pY]

7eo MC-2,4-DTINNEER L /-Mlifak © SGTase 2, #8423 &, HSHEM A SGTase B4 12
A 5N, FAOFITEHEL B THEDEIA (2,4-D/SGTase) 131.2TH > 7= (Fig.7-A, Tab
Table M),

—7, antiauxinT® % triiodobenzoic acid (TIBA) % 2,4-D L [@IBEIZT 2 &, SGTase i
MM ARIIFELIHEEINBZZ L 28D, 22T, "“C-2,4-D& TIBARFBEEML, S~ UM%
T2 5 &, “C-2,4-DDHDPEITERD 54172 SGTase Hi5r DOHEHEMN L, TIBA £ETFTIR D
shy, WEE b IcfEsN: (Fig. 7-B),
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Table M. Purification of '*C-2,4-D-bound SGTase

Fraction

SGTase activity

Purification

2,4-D (mole)

{mU/myg protein) {~fold) SGTase {mole)
Crude extract 0,52 1 N.DTr
lst Sephadex G-100 6.60 12 3.8
DEAE~cellulose 10.2 20 2.7
2nd Sephadex G-100 21.8 42 1.2
* not determined
a’ T ¥ T ¥ i MQ Y T Y Y Y T
3 3
é fUly ;.-;: sl
o .
<T Sk H A ’15': s
N N ‘
B VRG]
o 1.5k R 48 o i \
E < €05} /
2 4 1° E ! AT
~1.01 1 r ~ . i -
> : = & by
z | Q: ® T our i R B
= 4 = : x|
o ELR B b ‘ =l e
‘g 4 ___?19 4 0.2k g <
Thbages | 7 AR
1 h 3 ! case®*
0 X "" N o i :"0 Y C“T”W . (Lfﬁ L A“«& S0
10 20 3 40 55 56 14 20 3 1 5 P

Froction number

Froction numoer

Fig.7. Sephadex G-100 chromatogram of SGTase activity and radioactivity from (NH,). SO,
fraction of the cells treated with '*C-2,4-D in the absence (A) or presence (B)
or presence (B) of TIBA.

KiZ, 2D2,4-D& SGTase & DFESRRAIC DV THET 2M 2/~ (Table V), ¥ L ~"C-2,4-
D-bound SGTase#® NaClX i3 Urea CUURL /=334, “C-2,4-DIZ SGTaseh 5 |3HL % » - -,
LA L, “C-2,4-D-bound SGTase # 6N HCI 110°C 48k5RAN A 83 3 &, “C-2,4-Dix SGTase
HHHEHEL /-,

P Eo#EREY, 2,4-DO SGTaseNDiERE 4455 7" SGTase[E LD BERTH 3 Z L AR,
ZO%2,4-DEEHE L DA HSGTaseidM:, W ICEREALOHEI W TEE S ZEZZ L
TWBZEDPRENT,

SELE, in vitroDF AWV /= auxin receptoriZ DWW THAMEEINTWVWAI LAL, Zhb5ixdhl
FTH, HEEL receptor VT Din vitro DR TORITH Y, X 512—KRHH 2 IidiHiaty
FEIZx T % auxin®pR IOV TOMETH 5, ZRABEEEE S, 2,4-DOKERITL> THIF s
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Table IV. Radioactivity of SGTase fraction in tobacco cells after

various treatment

1) dpm
Treatment

Et,0 HaO
Nange : 0 334
6N HC1,110°C,48 hr 324 4
2M NaCl 4] 319
2M NaCl + 5M Urea 0 343 .
5M Nall + 5M Urea 10 324
pH 2 6 315
pH 10 0 340
5M CH3COOH 3 338

1) 4°C for § by
3 Z LiE, FEEITHLRE G,
E6%E 2,4-D-bound SGTase & 2,4-D-free SGTase D Hb#R
2,4-D-bound SGTase & 2,4-D-free SGTase & DIEE DEEIZ DWW T HBGHRETL /-, i SGTase
#1255 F8134.5X10° T, subunitiEIdF ¢S, F#pHII7.5 2MfiSEA + >~ DERMEIIERD S
N b o7, X, scopoletink IFUDP-glucose 23+ 3 KmffiZ & 4 0.12mM, 0.11lmMT& Y, i
BERTEITD SN -7~ (Table V),

Table V. Properties of 2,4-D-bound and 2,4-D-free SGTases

2,4-D-pbound 2,4-D~free

PR 4

Molecular welght 4.5 » 1 4.5 x 10

Km for scopoletin .12 mM 0.12 mM

Km for UDP-glucose D.1L m Go1l my
Specific activity 114 mi/mg protein 11.6 mU/mg protein

M SGTasedkiZscopoletinlZsf L&t &WiEMELZ R L, MSGTase THERRMENDEIIAD SN
o, BETL-2TOREIIHL, 2,4-D-bound SGTaseld 2, 4-D-free SGTase D10 D
&AL 7= (Table V),

512, M SGTaseDIFEMEIL T AN F—2MiF 3 % &, 2,4-D-bound SGTase Tl 7.0Kcal/mol,
.2,4-D-free SGTaseTl312.6Kcal/mold, 2,4-D-bound SGTase TlIiEMHIL = & L F— H¥¢
FiZhoTWwWAZ L Rans (Fig.8),

P EDOKREY, 2,4-DOFEEIZL 32SCTaselEHD ERIE, EEIZHT 2KmEDOZELTIZ% <,
VmaxfEDHERTH Y, BERMERICOWEH LT AN F —OWDIERT 3 2L R ahi,

FBTE ) VREERDARIVE CHEE

LIk, 7= YBERICHT SR8 VE Y O%HR, HCkinetin & PALIEME, % U2,4-D¢ SG-
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Table VI. Substrate specificity of SGTases’&

Activity related to  Ratio of

substrate!  control =100 activity
2,4-D{+) 2,4-D{-) (+/=)
CHy9, 160 106 9.7
HO'

* The fraction eluted from 2nd Sephadex G-100
+ The substrates and UDPG{containing 0.125uCi of

se) were supplied at final

50 dg
2,4-0(~) _
126 Keal/mole
z >
= =
B | O~ e
L] [
. o 0
§10 o 1 g
st 24-D(+) vt
7.0 Keal/mote
5k 405
1 1 4
32 33 34 35 36
T % 1073

Fig.8. Arrhenius plots of 2,4-D-bound and 2, 4-D-free SGTases.



TaselEHEOMBIZOVWTHENRT X2, ZOBIZHWTIE, 7<) VY EASRBEERREEOETEI
T 2REMANE Y R OIS OB Iy <) VEER E OB#EIZ O OWTHRETL 2 (Fig. 10),

Glucose- . Isocitric CD;.{ ~Ketoglutalic CD; Glutamic
6-phosphate ¢ acid | acid acid
i * ’

Gl A /
~ - -~
\
@
Y
shikimic
acid . . . .
! Fig.9. Enzymes involved in scopoletin and

scopolin formation pathways.
CO0H P P y

V
=
{:;rﬁjnjz Trivial name

(Primary
Phenylalanine metabolism)

() : (Secondary

metabolism}
@/\/(OOH
=

Cinnamic acid
!

%
CH BOKH/::L ] .

HO S

. Isocitrate dehydrogenase

. Glutamate dehydrogenase
Glucose~-6-phosphate dehydrogenase
. Shikimate dehydrogenase

. L-Phenylalanine ammonia-lyase

. Scopoletin glucosyltransferase

B N

. Scopoletin peroxidase

Scopoletin ~——» (degradation)
®),
CH 30_~ il

GLeo” 07N
Scopolin

7<) VEEASHRRE- B EEEE S Fig. 912 L2, Sucrosek ¥ ¥ ¥ I B %% £ T pheny-
lalanine 2 0, ZhA & 51ZPALIZEY 7x =708/ 4 FEBREET, 7<) VHEIIEAK
sh3d

29, 7)) YEERRUEBREE L MRSOMGEEA S L, 7<) YV BEEBGRE O VR

T BUMHERR) 123 ¥ IR B OEEE TH 5 shikimate dehydrogenase (SDH) &M, RU'7 =
V7as ) 4 FREDOER TH 5 phenylalanine ammonia-lyase (PAL) {WEMEAHAL TS 2L
PWREh,

& 512, HMAIVE Y & L Tkinetin, 2,4-DOFE 4L 7, Kinetinid SDHiEM:, PALEME
AR S €, E5IZOMNE Y <) VEEBGEE OB AL —HL, kinetinld, phenylalanine
D, FLTESI7 Y VEAORBMEREL TV B2 EAREIN, 2,4-DISHET L - BRIEEI
HIEEACHBETREE, SGTaseiFtEICBRIOZIER &R L 2o —HICHHID ORI EFHE T
HAZEPHENTED,” scopoletinZEERLE N B Z T, 2O9BHPETL, 7~V VY HO¥
Bri-bTzedRnani,

U EDREREY, WHALEI2ED, s 5TMBERIC k37 <) YEERD ALK, {LFEHR
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Fig.10. Changes in the cell fresh weight (A), in the content of scopoletin
and scopolin (B), and in activities of glutamate dehydrogenase (C),
isocitrate dehydrogenase (D), glucose-6-phosphate depydrogenas (E),
shikimate dehydrogenase (F), L-phenylalanine ammonia-lyase (G)
and scopoletin peroxidase (H) during control (O), 2,4-D (A) and

kinetin culture (®).
HATEETH LI LW RENT,
& W
1. #NaREEMCE 57 <) YEOEREZHERL 2
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2. 7= EERIL, ZOBERKATH 3 phenylalanine DIFEINIZE NV EL KL 726

3. Phenylalanine & kinetin2{FIN+2 2 & Ty <) YHAERIZILDFL <AL 2, ZDkinetin
DERIE, 7<) VHHEAKDkey enzyme T % phenylalanine ammonialyase {14 % de novo
BRENL CHREEZFITERAL 2,

4 . Kinetinl3 7 <) V344 B#EER (phenylalanine ammonia-lyase, shikimate dehydro-
genase) VEMEAMAREH, 7<) VHOEREEEL 720

5. 2,4-Dichlorophenoxyacetic acidliscopoletin glucosyl-transferase |Z3&EIZFEET 2 2 &
T, 2 DEFEMERSOEELT I F— 2 ET 54, de novo AR AN & T, BEOBEL AL
TIEMAL L, scopoletin® scopolin NDECHERIL #F L <IEEL 72

6. 7=V VHERIIEWT, ¥EE EWALVE VI ACFHARP TR TH L RSN,
5 | FA SRR

1) P.R.White.: Plant Physiol, 9, 585 (1934).

2) F.C.Steward, M. 0. Mapes and K.Mears.: Americ. J. Bot., 45, 705 (1958).

3) J.R.Loewenberg.: Phytochem., 9, 361 (1970).

4) M. Takahashi and Y. Yamada.: Agric. Biol. Chem., 37, 1775 (1973).

5) V.P.Maier and S.Hasegawa.. Phytochem., 9, 139 (1970).

6) H.Kende and G. Gardner.: Ann. Rev. Plant Physiol, 27, 267 (1976).

7) Sk R, 1972, MEMAIEEEME 2 RBAERE (BE - B - AR pp. 140, FIEEIE,

BXOEEREOES

WO ZRAHIE T £ - AUFMNITROEN, FICWEEE CTERE 2 BRRCRBFAEEHE
R AR R AKIBIIAE L TW A DA BURTH 5, ARGy NI RIZ LS 7<) ¥
HERIIHT 24 OFERFIIOVWTHEA 2MZ, P TEMEIENVEY &7 <) YHOESHREE
BER L OBRIZOWTRHL, 7~ ) Y HEROICEMFEICBE UM 21T, RO LI BH L wi
RE/E, Tabb (VN IRBMEIIEVT ) VHOER AL, 2 DEBIIATERK Ph-
enylalanine DIRINIZ L > TEL <AL /-, (2)Phenylalanine & KinetinZ {5+ 3 2¢ TCr<) v
FHAERIZEDZELLSBAL 2, ZDKinetin®%h#F 12 Phenylalanine ammonialyase {&7%: # de novo |
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