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Aktrrct .Cell-free extracts of F‘lowria bidenris and F. chloraejolio catalyscd the transfer of sulphatc groups from 
3’-phosphoadcnosinc-S’-phosphosulphatc to the hydroxyl groups of a variety of hydroxylatai and O-methyktcd 
tlavonols, but not to Ravona or phenylpropanoids. Enzymatic sulphation was more predominant at the 3-hydroxyl 
group, but not to the exclusion of other hydroxyl substitucnts on the Aavonoid ring Quercctin was sulphatcd to yield its 
mono-, di-. tri- and ~etrasulphate esters. This, togcthtr with the ditTerenccs observed in the sulphation of different 
Ravonols by txtmcts of both Floueriu specks, suggests the existent+ of a number of distinct, position-specific 
sulphotransferascs (EC 2.8.2. -). The sulphation rcrktion was catalyscd at an optimum pH of 7.5 in Tris HCI buffer, 
required SH groups for activity and was stimu&tcd in the presence of divaknt cations. 

-_--.- 

ISTRODLCTION 

Organic sulphur compounds are known for their ubiqui- 
tous occurrtncc in plants [I]. Recently, a new class of 
sulphur compounds, the Ravonoid sulphatcs, has been 
rcportcd to bc widespread in a number of plant families 
[24]. especially in the Compositae [S. 63 and in such 
genera as Brickellia [7-l 1 J and Flocerio [ 12- 173. Except 
for the participation of PAPS’ as sulpttatc donor in the 
sulphation of phenols [2, IS]. nothiog is known of the 
enxymatic synthesis of sulphatcd tlavoooids. This may 
have been due to the difficulty in separating PAPS from 
the sulphate ester formed since both compounds are 
water-solubk ([ 181 and rcfs. cited therem). 

Very rcccntly, we devclopcd an enzymatic assay for 
phcnol/flavonoid ST (EC 2.8.2.-) activity [ 191 which 
made use of TBADP in the formation of ion pairs that 
rendered the sulphatc ester solubk in organic solvents, 
such asethyl acetate, whtk PAPS remained in the aqueous 
reaction mixture. This paper reports. for the first time. the 
enzymatk synthesis of sulphatcd flavonols in F. bidenrrs 
and f. chloroejolio and the characterization of the sul- 
phation reaction. 

Cell-free extracts of either F. bidenris or F. chloruejolia 
catalyscd the sulphation of a number of fiavonol sub- 
strates. but with different efhcicncics (Tabk I). Most of 
the flavonoid sulphate esters formed were identified byco- 
chromatography with reference compounds (when 
avaitabk), R, values in dificrcnt solvent systems, ckc- 
trophoretic mobility and autoradiography. The combi- 

:To whom concspon&m should k addrasat. 
§AbbrevratKms: PAPS. 3’-pbospboodenou ne-5’-phospbo- 

sulphatc; ST, sulphotransfcrase; TBADP. teuabutylammonium 
drhydrogcn phosphate. 

nation ofchromatographicand ekctrophorctkpropcrtics 
gave an indication of the number of sulphatc groups in the 
reaction products. 

Charncretizarion o/ rhe sulphation rearion 

The sulphation reaction was linear with trme up to 
60min and with protein concentration up to 8Opg at 
lO@ qucrcetin as substrate. fi pH optimum was 
determined in ditTercnt bufTers and was found IO be at 
pH 7.5 in Tris-HCI buffer; however, the enzyme activity 
dropped by 40% in the presence of phosphate butTer. The 
protein extract could be stored at - 15‘ in 25 mM 
Trts HCl buffer. pH 7.5, containing 14 mM 2-ME and 
10 “; glyarol, for at kast 2 waks without loss of activity. 

Subsrrote speci/rcit~ 

Of the various substrates tested for their sulphatc 
acceptor ability (Tabk I), fktvonol aglycones were gcna- 
ally better acceptors than Bavoncs or phcnylpropanoids. 
Of the simple tlavonol derivatives tested. the order of 
sulphation as catalyscd by I;. bidenris ST was 
isorhamnetin z qucratm 3’-sulphalc > queratm > 
myriatin 0 rhamnctin > kaempferol > patulctin; 
whereas that of F. chloraejolio was rhamnetm > iso- 
rhamnctm > kacmpferol > eupatin > qucratin > 
patuletin. Enxymat~c sulphatron at positron 3 seems 
predominant among flavonols, but not IO the exclusion of 
other hydroxyl substitucnts on the flavonoid nng. The 
differences observed in the sulphation of individual 
substrates, by the two cnxymc prcparat~ons, sam to 
indicate the involvement of distinct, position-specific 
sulphotransfcrascs II is remarkable to note that, except 
for qucrcetin 3’-sulphate. other substituted tlavonols were 
further sulphatcd but to a much ksscr extent (Tabk 1). 

Timecourse incubation of the F. bidenris enzyme with 
quaatin (1OpM) and PAPS (2 pM) resulted in the 
formation of mono-. di-. tri- and traces of tctrasulphate 
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Tabk I. Sulphotransferase activi(y of cell-free ex(racts of two Flawia spscia agCnsr ditTeren1 suba(fl~es* 
--- - --- - .__. 

F. bidenru’ F. chlowefolta b sulptulcd products 
_~... .--_ _- -----. _ 

Substtalet (Ye of conlrol): Major Minor 
--_-- - - - 

KiumpCerol 51 60 3- mono- 

Queracm 73 36 3- dl-lo tclra’ 
Myncetm 62 18 n.d. 
Gossypetin I7 6 n.d. - 

Rhamnetin 57 100 3. di-• 
mono-b 

Isoorhamrtetin 100 86 3- di-• 
Tamarixetin <5 14 n.d. n.d. 
Patukrin 39 30 3- - 

Eupatm 8 47 3-b 
3.7-Dimetbylquercetin 26 I4 n.d. - 

7.4’-Dimethylqueratin 16 18 n.d. -. 

3’.4’-Dimethylquac*in 35 15 n.d. .- 

Rutin 14 10 n.d. - 

lsorharnoctm 3-m. 8 2 n.d. 
Quercetin 3-SO. + patuletin 3-SO. I8 5 3.7-d? T 
Qucrcerin 3’-SO. 118 5 n.d. 
CafTuc acd I5 3 n.d. 

.- -- 

*The standard enzyme assay was used as descnbai m the Expcrinuntal. 
t These subrrares were accepted at < 5 Y0 of conrrob in the following tidmg order: patukrin )_glucoside. 

apigeain. lu~~lin. pcoumark ti. ferulk rid, isoferulic rid and dihydroqwrcztin. 
ZActivity in rhe control was Uoo and 2WO dpmimglmin with F. bdentis and F. chlmaejoiia enzyme CXWWS, 

rapecovely 
n.d.. nor determined. 

esters (Fig. 1) These results are consistent with the natural 
occurrtllcc of highly sulphatcd flavonok in this tissue [ 143 
as compared with F. chloroc/oliu [ 16, 173, and signify the 
differences in the STs present in the two plants. 

IO 20 40 60 90 I20 min. 

Fig I. Photomph of l o l utoradiogram of the ractlon pro- 
ducts of F. bidcnris c&free cxtr~( with querutin. as substrate, 
incubatai for different time periods. I.4 indicate mono-. di-. tri- 

and tetrasulphate esters. respectively. 

The effect ofdivaknt cations on the sulphation reaction 
was studied in both Flawrio species. Whereas the ST 
activity of F. chloruefolia seems to be stimulated in the 
prcscncz of I mM MgCI1 and was inhibited to various 
dcgrets by other divaknt cations (Table 2), that of 
F. bidenris was stimulated both by low (1 mM) and high 
(10 mM) concentrations of all cations tested except 
Mn’.. 

The sulphation reaction was enhanced in the presence 
of 14 mM 2-ME or I mM DTE. However, SH-group 

Tabk 2. Effect of dlvaknt cations on sulpbotransferase acc~ty 
of IWO Flowru species* 

CatIon and 
concentration 

Rclac~vc act~vrty ( 3. of control) 

F. hi&nrrJ F chloraejolia 

Control (no addttion) 
Mg’ * (I mM) 
Mg’ ’ (IO mM) 
Mnr’ (1 mM) 
Mn’ ’ (IOmM) 
Caz’ (I mU) 
Ca*’ (lOmU) 
Co1 * (I m.U) 
Cl?’ 0 mM) 
Znl’ (I mM) 

loo 100 
140 142 
350 I20 
loo 50 
20 5 

116 87 
180 94 
215 75 
210 72 
250 72 

-- 

*The standard enzyme assay was used as descnbod In the 
Experunental with quercetin as substrate. 
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Tabk 3. Effazt of SH-group reagents on the sulphotnnsfauc activity of two 
F&verb species* 

Addition 

Relative activrty (% of control) 
-. ..- ..-.- 

c-mbanmtion 
(mM) F. bdtnm F. chlor~olia 

Control 100 
2-ME 14 II3 

DTE 1 135 

N-Ethylmakimidc 10 30 

+2-ME 40 IO5 

Phcnylnufcuriscctate 10 5 

+2-ME 100 45 

pChloromcrcuribcnzoate IO 60 

+ 2.ME 40 lo8 

lo0 

I45 

I60 

10 

95 

72 

68 

97 

*The standard enzyme assay was used with qucrcetin as substrate. 

reagents (10 mM) such as N-cthylmakimide or phcnyl- 
mercuric acetate almost abolished ST activity, as com- 
pared with pchloromcrcutibenzoatc which was kss in- 
hibitory. Inhibition by SH-group reagents was partially 
prevented or compktcly reversed by the addition of 
various concentrations of 2-ME (Tabk 3). These results 
further indicate the differem in properties of the STs of 
both tissues. 

was dirtily used as the enzyme source. Protein concn was 

determined according to ref. [20]. using bovmc serum albumin as 

staodard. 

We have demonstrated, for the first time, the existence 
of a tlavonol-specific ST activity in two F/ut,uticl spa&s. 
The results reported here also indicate the presence of a 
numb of distinct, position-specific STs in both tissues. 
These enzymes are involved in tbc biosynthesis of flavonol 
mono-/tetrasulphate esters, which are known to occur 
naturally in F. bidrntis [ 141. Experiments designed for the 
purification and characterization of individual enzymes 
are in progress. 

Enzpw assays and ufcnr#catton of reomon producrs. The 

standard assay mixture [ I93 was used and censured of IO rl of 

> IOrM of the flavonoid substrate (in 50% DMSOA 10~1 of 

I PM PAPS (2 x IO’dpm), 10~1 of 5 PM MgCll and 70~1 of 

enzyme protein (co 2&25 pg) in 25 mM Tris HCl bulTer. pH 7.8. 

Tbc enzyme ration was mcubatcd for 30 mm al 30’ and was 

tcruunata! by the addition of 20 pl of IO mM TBADP. The 

sulphtal products were extracted with 5C0 HI of ErOAc and an 

aliquot of the organic phK was counted for radioactivity. The 

remaining extract was concentrated III N, and used for idmtifi- 

ation of the rcDctron prod-. 

TLC was arrkd out on cellubse Avicel using Hz0 or 

n-BuOH- HOAc-Hz0 (3: I. I) as solvents, or Polyamd 6 using 

MeOH-Hz(1290/; NH.OH (15.5: 1). Ekctrophorais was car- 

red out as in ref. [2]. 

EXPERIMENTAL 

Plans ma!erial. Ws of Flawrio bidtnru var. angusrijolia O.K. Ackndedpwus .-This work was supported m part by opcrat- 

and F. chloracjolia A. Gray were prminatcd in a I-cm layer of ing granu from the Natural Scicnccs and Engmccring Research 

vcrmmlite on top of potting so11 and their grotih was main- Counal of Canada and the Ministry of Higher Education. 

tained under greenhouse conditions. Government of Quebec. for whrh we are grateful. 

Chcmicah. [“SIPAPS (1.3 Cljmmol) was lnn&ucd from 

New England Nuckar (Boston, MA) and cold PAPS from Sigma 

(St. Louis. MO). TBADH was obtained from Aldrich Chemral 

Co. (Milwaukee, WI). Most of the tlavonoids were from Roth 

(Karlsruhc. F.R.G.) or Sarsyntb (Bordeaux. Frana); others 

were from our laboratory collection. Eupgtin and its 3-sulpha~e 

were generous pfts from Dr. B. Timmerma nn. Tucson. Arizona. 

Prcparolion oj ennzjmc extfacrs. Unkss stated otherwise. all 
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