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Abtnct--A hydroxycinnamoyltransferasc (EC 23.1.-) which catalyses in uiw the formation of 1,2di-O-sinapoyl-/J- 
L@KXX has betn purified 24t%fold from cotyledons of S-day-old dark-grown sadlings of radish (Rophunw sarivus 
L var. s0riuu.s cv. Saxa). The enzyme catalysing a reaction bctwan two identical substrate mokcuks used l-O- 
(hydroxycinnamoyl~~~glucose both as s~yl donor and wtor mokcule and exhibital a strict spa%city of transfer 
to the C-2 hydroxyl group of the mxptor. It had an apparent M, of 55 000 and showed greatest activity at pH 8.0 (50 yb 
at pH 7.0 and 9.0) and 42”. Apparent energy of activation was found to be 62 W/moL There was no requirement for 
divalent cations or thiols. The Michvlis curve did not show a rectangular hyperbola but was slightly sigmoid. A linear 
curve was obtained on replotting the Michaelis curve recording to Hancs, using squared values of substrate 
concentrations. The So., for I-sinapoyl-, I-feruloyl- and I-(pcoumaroyl~glu were 0.42, 0.40 and 0.58 mh4. 
respectively, and the ratios of the V_/S,,s values were 100:92:45. 

INTRODUCIlOS 

When grown in the dark, seedlings of radish (Raphums 
sutiotu L. var. su~icus) accumulate 1,2di-O-sinapoyl-B_D- 
glucopyranose in their cotyledons [l]. Recently we de- 
scribed the enzymatic synthesis of this di-cster from l-O- 
sinapoyl-@-bglucosc by a protein preparation from COIY- 
lcdons of radish grown in the dark [2]. This activity can be 
classified as l-(hydroxycinnamoyl~glucosc: I-(hydroxy- 
cinnamoyl)-glucose hydroxycinnamoyltransfcrasc 
(CO, catalysing in ciao the synthesis of the di-sinapoyl- 
glucose. 

2 x 1 Sinapoylglucosc .? l 1.2-Di-sinapoylglu + 
Glucose 

Such a di-ester formation in phcnylpropanoid mctab- 
olism has also been demonstrated to occur in the bio- 
synthesis of di-galloylglucosc [3] and a similar reaction 
has been shown IO be rcalixai in the formation of di- 
caffeoylquinic acid [4]. From a thermodynamic point of 
view this type of cnxymccatalysal transacylation rep 
resents an intercsling mechanism of ester formation in 
plant metabolism and might be more widespread than 
known to date. 

We have now partially purified the CGT from radish 
cotyledons and invcstigarcd some of its physical and 
kinetic properties. 

*To whom comsponkna should be addressed. 

RESULTS AND DISCUSSION 

Occwence of efuynw aclicily 

Cotyledons of radish exhibit activities of 
I-0-acyl-glucose dependent acyltransferascs, I-sinapoyl- 
glucose: L-malate sinapoyltransferase (SMT) 
[5] and I-(hydroxycinnamoyl)glucosc: I-(hydroxy- 
cinnamoylbglucosc hydroxycinnamoyltransferase (CGT) 
[2; this paper], showing contrary developments dcpcnd- 
ing on IighI conditions. Light-grown seedlings showed 
high SMT and low CGT activities, while dark-grown 
seedlings showcd low SMT and high CGT activities. 
These differential enzyme activities have ban rctlcctcd by 
the light-dependent accumulations of their products, O- 
sinapoyl+malatc and 1,2di-0-sinapoyl-/l-D-glucose [ I]. 
Concomitantly with the accumulation of di- 
sinapoylglucosc. CGT activity increased until day 6 in 
dark-grown sadlings and reached co 6 pkat/cotylcdon 
pair. In contrast, light-grown seedlings rcachcd only 
I pkat/coIylcdon pair. Figure I illustrates the CGT ac- 
tivity determined by HPLC In general WC observed high 
activities of this enzyme, when the trans-cstcrihcation of 
I-sinapoylglucosc to sinapoyl-L-malate. ‘normally’ pro- 
ceeding in the radish cotyledons, was supprcsscd. 

Eruyww purijicarion 

The CGT activity was purifIcd 24@fold with a 
recovery of 20 y0 by means of mokcular exclusion and ion 
exchange chromatography. Table 1 summar&s the puri- 
fication steps of the protein preparation and Fig. 2 shows 
ion exchange column chromatography of the enriched 
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Fig. 1. HPLC analysis of a StalKlard a.Tq of the purisfly 
ptuificd CGT. I, I-Sinapoylglucaae; 2, siaapic a& 3, di- 
sinqoylglucosc 204 vet injected onto tbc column (RP-8, 
25OxJmm) and kwloped isocralically with 70% solvent B 
(1% H,PO., 20% HOAc. 25% M&N in H,O) in s&vent A 
(1% HJPO. in H,O)rt a Bow rate of 1 ml/min. Dctaaion vu a.L 

0.1 rbscntuwx unit full sak (33Onm). 

CGT activity. The M, of the CGT determined by 
mokcular exclusion on Ultrogel AcA 44 was near 55ooO 
(Fig. 3). Slabgel SDSPAGE showed I major (CGT)and a 
few very minor protein bands after staining with 
Coomassie Brilliant Blue RZSO. The mobility of the 
enzyme as compared to reference proteins also indicated 
that the M, was near 55000. The partially purified CGT 
showed no loss of the initial activity when stored at - 20” 
in the presence of BSA for at least 1 year. 

Contaminating high aterase activities towards 

I-sinapoylglucosc observed in crude protein extracts (21 
were eliminated during rhc purification procedure. 
However, compared with the maximal rate of dieter 
formation, IO”, of the smapic acid was liberated (Fig. I), 
This may be attributed to the CGT-‘hydrolasc activity’. 
Since only the l,tdi-ester was formal there is a strict 
specificity of acyl transfer to the C-2 hydroxyl group of the 
acceptor-glucose molecule. 

Propedes of enzpe articit) 

Genewl properties. The formation of di-sinapoyl- 
glucose was positively correlated with protein, and was 
linear with time up to 4 hr. Greatest enzyme activity was 
found at pH 8.0 in HEPES buffer showing 50 T0 of activity 
near pH 7.0 and 9.0 (Fig. 4). Maximal initial reaction 
velocities were obtained at 42”and the apparent activation 
energy was found to be at 62 W /mol. The Arrhenius plot 
showed no discontinuity. 

Divaknt cations al concentrations above SmM in- 
hibited the enzyme activity. In the presence of Mg*‘, 
Ca*‘andCo” (10mMeach),65~~450,and0°~ofthe 
control activities, respectively. were obscrvcd. There was 
also an inhibition when thiols such as DTT or 2. 
mcrcaptocthanol, were included showing almost total 
inhibition at 1 mM. 

Kinetics and subsrrate specjfirir~. Figure 5 shows the 
effect of I-sina~ylgl~~con~ntration on CGTactivity 
resulting in a slightly sigmoid curve. Sigmoidal concen- 
tration dependence is not an inherent property of bi- 
substrate reactions with idcnrkal molecules as seen with 
squalcne synthetasc 163 or fructosyltransferax [7]. 
Therefore we tested the CGT activity for possible cooper- 
ativity and random mechanism. Hill plots gave the 
following data: V_ = 4.9 nkat/mg protein; So,, 
= 0.51 mM; “H = 1.64. Using these data, a recakulation 
of the graph in Fig. 4 gave a significantly incongruent 
curve. Assuming however a random mechanism of CGT 
activity, sigmoid Michaelis and parabolic 
Lineweaver Burk curves could be cxpccted IS.9 . 
Plotting S’ L’S, c’ and S* cs. S’/f (Hancs plot) [IO , 3 
rectangular hyperbolic and linear curves, respectively, 
were obtained. The CGT catalyscd reaction was found to 
be irreversible. This and the fact &at we could not 
distinguish between donor and accepror molecules prc- 
vented more detailed investigations of the enzymatic 
reaction mechanism as has been possible in studies on 
adenylatc kinax [I I. 121. Summarizing our kinetic rc- 
suits, a random bi-bi mechanism of CGT activity is likely. 

By means of the Hancs plot wedetermined some kinetic 
parameters. The So,$ values for I -sinapoyi-. 1 -feruloyt- 

Tabk I. P&&cation of CGT from Raphew Icuiw cotykdons 

Total Total Spcci6c 
Puritlution Protein K?tivity* activity Yield RvifiFalion 

step (me) (tit) fnkNme) (%) (-fold) 

CnXk CxttW 569 8.92 0.0157 100 
WWlso, ba 119 3.06 O.Q2~7 34 1.6 
Ultrogd ASA u 14.5 3.15 0.217 35 13.8 
CM-SephUCU 0.472 i.78 3.17 20 240 

*At 1 mM I-siIupoylghcose. 
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Fig 3. Determination o$ M, of CGT by w of 6lIration 
Ihrough an Ultrogel AcA44 column (1.6 x 95 cm). Markers: 1. 
cytochromc C, 2. myoglobin; 3. chymorrypsinogm; 4. ovalbumin; 

5. bovine serum albumin; 6. aldolas. 
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Fig. 4. Effoz of pH on CGT MiviIy. (.A Mm (AA KPi; (0). P&n~ma~trial.Suds ofraduh (Ro$anuwricns Lvar.suiuus 
HEPES; (0 ). TRICINE; ( l ). glycine. cv. Saxa) were purchased from Zwaan & Co SamenzuchI GmbH. 
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Fig. 5. EffccI of I-sinapoylglu~ore conoznIraIion on CGT ac- 
Iiviry. InnI shows replotted dac~ OcFording IO Hana [IO] uring 

qUrdvdIlcsc4 subslra1e concenIraIions. 

and I-(pcoumaroyl)_glucosc were 0.42, 0.40 and 
0.58 mM. rcspaxively. and the ratios of the V_&., 
values were found IO be 100:92:45. In contrast IO this 
broad sp&f~ci~y towards C6X, acid esters the enzyme 
exhibital no activity with l-O-acyl glucosidcs of C6<, 
a&s, such as I-bcnzoyl- or I-galloylglucoxc tested. We 
propose IO classify the enzyme as l-(hydroxycinnamoyl)- 
glua~: I-(hydroxycinnamoyl~glucosc hydroxy- 
cinnamoyltransfenue (CGT; EC 23.l.-). 
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Kkve,WestGamany,andgadlingsgrominadditudsoil 
(type T. Balsta. Frdndcnbcrg, West Grmany. mixed 1: 1 with 
peal) in a phyto4ron under auomsatl I light (co IOOOO lx) with a 
14hrdry,orin~narrt22”~rn%rrttinh~ty. 

subwrutes. I-shapoytgbJcw ( 1-o-sinapoyCg~gtuco- 
pymnosc) [I 33 sod I-fcruloylglucosc were isolated from 3day- 
old radish seal- l+XXAmaroylMtmcosc was from petah of 
AnrirrIunsm majus [Ml. 1.2.Di-O-~yt+D-glucopyranosc 
came from dark-grown radish uadlings [I]. For extraction and 
chromatography prooadurrs, see refs [ 1.151. I-Bcnaoylglucosc 
and I-galloylglucosc were gifts from Profs W. Barx (MOnstn. 
West Gcnnany) and G. G. Gross (Ulm, West Germany), 
respectively. 

Earyaw pepnrarion. Srep i: cotyfflonr (co 140 0) from 5day- 
old dark-grown radish seedlings were froxen with liquid Ns and 
grouodinaprc-cookdmortarinthcpractmr of 10 g insolubk 
Potyclar AT and 600 ml KPi buffer (100 mM. pH 7). The 
homogenate was poured into a pm-a&d baker. allowed to 
stand for 4O min with continuous stirring. then pp#t through 
Miracloth. ar~I the filtrate antrifugal at 14ooOq for 4Omin. 
Swp ii: sohd (NH.),SG. was added to the supematant to obtain 
3S”.* satn. The ppt was removed by centrifugation (Mmin at 
tOOtXIg)and the supcrnatant was raised to 657; satn. The pptd 
protein was coBrctcd by amttifugation (20 min at *8 000 g) The 
protein was dissolved in 34 ml KPt buffer (100 mM, pH 7) and 
the soln dialyscd against the same butTer. Srep iii: the diaiysed 
protein soin was centrifuged (20 mitt at UIOOO g) and the clear 
supcmatant was hated to 60” for 10 mm. Denaturatcd protein 
was mmovod by antrifugation (2O mitt at 48 000 0) and the clear 
supcmatant. enclosed in a dialysis bag was conal to 7 ml by 
treatment wtth dry S@adcx G-20. Srp is: the soln was applied 
to an Uhrgl AcA41 cohtmn (95 x 1.6cm) and the protein 
elutcd with KPi buffer (100 mM, pH 7) at a Bow rate of 9.6 mllhr. 
Three-ml Racttonr were collected, and those containing high 
enzyme rtivitics were combinai and dialyscd against citric rid 
butfer (SO mM. pH 5). Sfep c: the dialysal eruymc was chromrte 
graphaJonaCM-Sepharosccolumn(l6.7 x 1.6cm).Tbccolumn 
was washed with 170 ml citric acid buffer (30 mH. pH 5) before 
the foltowmg linear gradient was applied: IXI ml O-400 mM KCl 
in citric acid buffer at a Bow rate of 3Ombbr. Fractions. (9.6ml) 
were colkstcd and those contatnmg high enxym activities 
pooled. The protein was concd by (NH&SO, pptn (70’. satn) 
and after ~t~u~tion at 4g 000 g for 2O min d&bed in 5 ml 
KPI bu~~(l~mM,pH 7) Thesolnwasdtalysed,bovincserum 
albumin added (3 m&ml) and stored at - 20’. 

Smndard enzyme may and acririry der e?minalum. The sun- 
dard rcrtron mixture contained I mM I-sinapoylglucosc, 
4O mM HEPES buffer @H 8) and IO 4 protein soln @O-fold 
diluted from the stored soln) in a total vol of 100 4 This mixture 
was incubated at 30” for I hr and the reaction stopped by 
transferring to a freezer ( -20”). Enzyme tiivittcs were de 
tcrmrned by HPLC as described previously [2] (Fig I) 1.2~Di- 
sinapoylglunw isolated from dark-grown radrsh medhngs [ I] 
was used as the standard for quantibcstion. hkntifkation of 13- 
dt-sinapoylglucosc as raaton product was described elscwbere 
(21. Other dialers formed were tentatively dcnti&d by TLC 
and by chromatographic bchaviour in HPLC relative to that of 
the applied substrates and the native product 1.2dt-O-sinapoyl- 

Br@~PY~o=. 
Prorein rsrimatron. Protein contents were determined by the 

method of ref. [ 161 using BSA as standard. 
Gel c1ecrrophorcsi.s. Sodium dodccyl sulphate-gel eiectroph- 

or& (slab gel SDS-PAGE) was pcrformcd aaording to 
rCf.[l7]. 

M,dcrerndmiuirmTluM,ofthcenxymewasdetaminedonan 
UltrcgclAcA44coiumn (soeabovc)oquilibratcdwith0.1 M KPi 
butTer(pH7)and bysbbplSDS-PAGE[l7]usingthcfollowing 
rcfcrcnoe proteins (San. Hddelberg, West Germury) u stan- 
dards [Is]: cytochrome c (12300X myoglobin (178OOh chymo 
trypsinogcn (2SOOO~ ovaRnu& (CSfXX& bovine serum albumin 
(67OCQ and aktolasc (16Oooo). K,, - (P, - P,)!(P, -PO) P,, 
wasestimatod using Blue Dex1rall2OOO(Pham&a)arKl v, using 
DNP-ahninc (Sewa) 

pH Oprbmau The following buffer systems (cacb 5O& 
cquivaknt 100.1 M HEPESbuffer.pH8)wcrcurad todetermine 
the pH optimum of CGT act&it& ME& 2-(N- 
m~otino~t~ sulphonic acid @H 5 Ik KPi (pH6 8k 
HEPES. N-2-hydroxycthyl-pipemxinoN-2-cthanc sulphonk 
acid (pH 7-9k TRICME, N-tris-(hydroxymcthyl)-mcthyl&zinc 
@H 7.5-9.5k glycinc @H 9-l I) 

Energy oj arliuarion. Initial vclocitim Of cnxymcutalysod 
r-ions were determined at di6cmnt tcmpa (4-70”) The 
appucnt energy ofactivation wasdctcnnirud from the linear low 
temp. saXion of the Arrhcnius plot. 

Km& pprrtics. Appuatt Se., and V_ vahics were graphi- 
cally cstimatcd aaording to ref. [IO] using squared values of 
substrate cOncnS. 
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