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1. The flavonoid constituents o f Flaveria bidentis have been identified as the 3-O-glucosides of 
kaempferol, 6 -m ethoxykaem pferol and 6 -methoxyquercetin (patuletin), as well as six flavonol 
sulfate esters belonging to quercetin and isorhamnetin. The two latter glucosides are reported 
here for the first time in this species; whereas quercetin-3,7-disulfate, is a novel compound from  
nature.

2. The amounts o f both glucosides and sulfate esters in young seedlings were highest in buds >  
stems >  leaves on fresh weight basis, whereas they were undetectable in the root. There were 
striking quantitative differences in the flavonoid pattern of young seedlings, as compared with 
mature shoots, especially the flavonol sulfate esters which were predominant in seedlings.

3. The biosynthesis of both groups o f flavonoids from [3H]cinnamate and [35S]sulfate showed  
that the former was predominantly incorporated into glucosides whereas the latter, into sulfate 
esters; thus indicating that sulfation is a later step in the biosynthesis of flavonol sulfate esters.

4. The significance of the glucosylation and sulfation reactions was discussed in relation to the 
regulation of biosynthesis and compartmentation of both groups of compounds.

Introduction

Organic sulfur com pounds are know n for the ir 
ubiquitous occurrence in plants as am ino acids, v ita ­
mins, coenzym es, polysaccharides, aliphatic sul­
phides, glucosinolates and th iophene derivatives [1], 
to m ention a few. Only recently, a new class of sulfur 
com pounds, the flavonoid sulfates has been reported  
to be of w idespread occurrence in a num ber of plant 
families [2—4] especially the C om positae [5], am ong 
which Flaveria  is well docum ented ([6 , 7] and refs, 
cited therein). A lthough F. bidentis is known to con­
tain a num ber of partially sulfated flavonols [6], how ­
ever, no com plete study of its flavonoid pattern  has 
yet been reported . F urtherm ore, except for two p re ­
liminary reports [8 , 9] on the incorporation  of 
33S 0 42~ into sulfated flavonoids, very little is know n 
of their biosynthesis in plants.

Prelim inary phytochem ical investigation of F. b i­
dentis indicated the co-occurrence of both flavonol 
glucosides and flavonol sulfate esters in leaf tissues. 
The dual nature of these flavonoids prom pted  us to  
conduct a system atic identification of these con-
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stituents and to  study their biosynthesis from  labelled 
precursors.

Materials and Methods

C hem icals

L-[2,3,4,5,6-3H ]Phenylalanine (4.44 x 103 G B q/ 
mmol) was purchased from  A m ersham , O akville, 
O n tario , and [35S 0 42~]sulfuric acid ( 1.59 x  103 G B q/ 
m g), from  New England N uclear, B oston, M A . l -  

Phenylalanine am m onia-lyase (1 —3 U/m g) and aryl 
sulfatase (5 — 10 U/mg) were ob ta ined  from  Sigma 
Chem ical C o ., St. Louis, M O. [3H ]cinnam ic acid was 
prepared  enzymatically from  labelled phenylalanine
[10]. It was purified by TLC and its specific activity 
was estim ated to be 4.03 x 102 G Bq/m m ol. Q uerce- 
tin-3-sulfate, quercetin-3-acety l-7 ,3 ',4 '-trisu lfate and 
quercetin-3 ,7 ,3 ',4 '-te trasu lfa te  w ere generous gifts 
from  Prof. H . R. Juliani, C ordoba, A rgentina. O th er 
flavonoid com pounds were from  our laboratory  col­
lection.

Plant m aterial

Seeds of Flaveria bidentis var. angustifolia  O .K . 
were ob ta ined  from Prof. H . R. Juliani and w ere 
germ inated  in one-cm  layer of verm iculite on top  of 
potting soil, under greenhouse conditions.
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Fresh leaves, taken from  3 —4 m onth-old plants, 
w ere frozen in liquid N 2, ground to a fine pow der, 
then ex tracted  th ree tim es with 50% aqueous 
M eO H . The com bined extracts were concentrated  
under reduced pressure at 30 °C. Partial purification 
of sulfated flavonoids was carried out on a Sephadex 
G-10 colum n using w ater as eluent. E luted  fractions 
w ere analyzed by chrom atography on cellulose TLC 
plates using « -B u O H -H O A c —H 20  (6:2:2, v/v/v) as 
a solvent system , followed by visualization in UV 
light. The flavonoid-containing fractions were com ­
bined, concentra ted  and chrom atographed on sem i­
preparative cellulose TLC plates using the same sol­
vent system. Bands of individual flavonoids were 
elu ted  in 50%  aqueous M eO H , concentrated  and 
fu rther purified by H PLC  using a M icrobondapak 
C ]8 colum n (particle size, 10 ^m ). Best separation of 
the com ponent flavonoids was carried out according 
to H arborne [11] after some modification. An iso- 
cratic g radient of 60% solvent A  (10 mM aqueous 
te trabutylam m onium  dihydrogen phosphate) and 
40%  solvent B ( M e 0 H - H 0 A c - H 20 ,  18:1:1, v/v/v) 
was used for 10 m in; proceeding to  50% A and 50% 
B in 40 min and finally to  40%  A and 60% B in 
10 m in; at a flow rate of one ml/min.

Identification of individual flavonoids was carried 
ou t by determ ining their U V  absorption spectra, 
using spectral shift reagents [12]; co-chrom atography 
with reference com pounds (when available) on cellu­
lose and polyam ide TLC plates, using n-B uO H  — 
H O A c—H 20  (6:2:2), 15% aqueous H O A c and 
M eO H  —H 20  (3:2) as solvent systems and visualiza­
tion in U V  light (366 nm ). Identification of the agly- 
cone m oieties of different flavonoids was carried out 
after hydrolysis with 2 n  HC1 at 95 °C for 10 min 
followed by U V -spectral analysis and co-chrom atog­
raphy with reference com pounds. Hydrolysis with 
aryl sulfatase was used to  detect the presence of sul­
fate groups esterified with flavonoid com pounds. 
A cid or enzym e hydrolysates were co-chrom ato- 
graphed with reference com pounds on Polyam ide 
D C  6.6 TLC  plates, using benzene—methyl ethyl 
ketone —M eO H  (8:1:1) as solvent. Estim ation of the 
electrophoretic  mobility of sulfated flavonoids was 
perform ed on W hatm an No. 3 chrom atographic 
paper in a formic acid—acetic acid—w ater 
(43:147:1820) m ixture, pH  2.2 at 250 v and 8 m A for
3 h.

Extraction and identification o f  flavonoids F lavonoid  con ten t o f  d ifferen t organs

A queous m ethanolic extracts (1:1, v/v) of buds, 
stem s or leaves were analyzed for their total 
flavonoid conten t by m easuring their absorbance at 
340 nm , and for their flavonoid com position by 
H PLC . Individual peaks were in tegrated  and the 
quantity  of each flavonoid com pound was calculated 
from to tal absorbance values, using an average m olar 
extinction of 20000.

Iso top ic  experim ents

Excised organs, o r leaf disks taken from the first 
pair of expanded leaves of 3 week-old seedlings, 
were incubated  with the labelled com pounds in p res­
ence or absence of non-labelled precursors, in the 
light (ca. 250 f.c .). A t the end of the m etabolic 
period, the tissue was thoroughly rinsed with w ater 
and hom ogenized in 50%  aqueous M eO H . A liquots 
o f the m ethanolic extracts were counted for total

Table I. Characteristics of Flaveria flavonoids.

Flavonoid
compound

Rf value
[min]

Electro­
phoretic
mobility“

Relative
amount
[%]bB A W C h 2o

6 -M ethoxy-
kaempferol-
3-glucoside 0.70 27 0 . 8 17

Kaempferol-
3-glucoside 0.67 - 26 0 . 8 13

Patuletin-
3-glucoside 0.52 - 16 0.7 ' 19

Isorhamnetin-
3-sulfate 0.45 0.45 49 1 . 0 7.5

Quercetin-
3-sulfate 0.36 0.40 44 1 . 0 19

Isorhamnetin- 
3 ,7-disulfate 0.27 0.82 56 1 . 8 0.5

Quercetin- 
3 ,7-disulfate 0 . 2 0 0.84 53 1.9 9

Quercetin-3-
acetyl-3,7,3'-
trisulfate 0 . 1 1 0 . 8 8 59 2.7 3

Quercetin- 
3.7 ,3 '.4 '-  
tetrasulfate 0.05 0.94 62 3.1 1 2

a Relative to quercetin-3-sulfate.
b Based on integrated peak areas by HPLC analysis of 3 - 4  

month-old shoots and TLC separation of kaempferol-3- 
glucoside and 6-methoxykaempferol-3-glucoside. 

c BuOH —H O A c—H :0  (6:2:2, v/v/v).
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radioactivity by liquid scintillation. The rem ainder of 
the extracts w ere chrom atographed on cellulose TLC 
plates, then au toradiographed. Individual flavonoids 
were scraped off the p la te , m ixed with Cab-O-Sil 
(colloidal silica) and counted for radioactivity.

Results

C haracterization o f  f la vo n o id  constituents

The chrom atographic, electrophoretic  and UV- 
spectral characteristics of the flavonoids iso lated  
from F. bidentis are sum m arized in Fig. 1, Tables I 
and II. F lavonol sulfate esters could be distinguished 
from flavonol glucosides by their: (a) low R { values in 
organic as com pared with aqueous solvents, especial­
ly those of highly sulfated com pounds; (b) e lec tro ­
phoretic m obility towards the anode (Table I); 
(c) susceptibility for hydrolysis w ith aryl sulfatase, 
except for the 3-sulfates [7]; (d) prom inent peak  at 
1050 cm “ 1 in IR  spectra (no t show n).

Flavonoid aglycones were identified, after acid or 
enzymatic hydrolysis of the paren t flavonol deriva­
tive, by their U V  spectra using spectral shift reagents

OH 0 OH 0
Fig. 1. Structural formulae of the glucosylated (left) and 
sulfated (right) flavonol constituents of F. bidentis.
R, R, R, R,
H H Kaempferol-3-glu H H
OMe H 6-OMe-kaempferol-3-glu H H
OMe OH Patuletin-3-glu

R, R4
H H Quercetin
Me H Isorhamnetin
R, to R4 sulfate groups

[12], fluorescence in UV-light (366 nm ) and co­
chrom atography with reference com pounds. The 
num ber of sulfate groups in sulfated flavonols was 
determ ined by their electrophoretic m obilities rela­
tive to  quercetin-3-sulfate (Table I) and the R x on 
H PLC  of their te trabutylam m onium  dihydrogen 
phosphate [11] derivatives (Fig. 2). The position of 
sulfation was determ ined from  the U V  spectral shifts 
observed after the addition of specific reagents 
(Table II), and considering the resistance of 
flavonol-3-sulfates to hydrolysis with aryl sulfatase
m .

Table II. U V  spectral characteristics of Flaveria flavonoids.

Flavonoid
compound

M eOH AICI3 A1C1, +  
HC1

N aO A c+ NaO Ac
boric
acid

M eOH +  
HC1

6 -Methoxy- 335 385 350 360 335 335
kaempferol-3-
glucoside

270 277 
300 sh

277 
295 sh

270 270 270

Kaempferol- 345 395 sh 395 sh 360 347 345
3-glucoside 265 300 sh 300 sh 270 265 265

Patuletin- 353 430 370 382 380 353
3-glucoside 257 275 265 270 265 257

Isorhamnetin- 347 395 360 357 350 365
3-sulfate 252 365 sh 

272 sh
390 sh 
272 sh

267 265 sh 252

Quercetin- 350 395 365 407 388 367
3-sulfate 257 275 268 267 267 257

Isorhamnetin- 350 397 392 355 353 365
3,7-disulfate 253 365 sh 

267
355 sh 
265

253 253 253

Quercetin- 355 405 395 355 375 365
3 ,7-disulfate 255 272 365 sh 

268
255 257 255

Quercetin- 345 392 392 395 350 370
3-acetyl- 
7,3',4'- 
trisulfate

267 
245 sh

340
272

340
272

267 267 267

sh, shoulder.
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Fig. 2. HPLC Separation of the flavonol glucosides and 
flavonol sulfate esters of F. bidentis shoots on a Microbon- 
dapak C lg column as described in the Methods section.
A , patuletin-3-glucoside; B, kaempferol-3-glucoside; C, 
6-m ethoxykaem pferol-3-glucoside; D , quercetin-3-sulfate;
E, isorhamnetin-3-sulfate; F, quercetin-3,7-disulfate;
G , isorhamnetin-3,7-disulfate; H , quercetin-3-acetyl- 
7,3',4'-trisulfate; I, quercetin-3,7 ,3 ',4'-tetrasulfate.

A m ong the d ifferent flavonoids characterized in F. 
bidentis (Table I) patuletin-3-glucoside, 6-methoxy- 
kaem pferol-3-glucoside and quercetin-3,7-disulfate 
are reported  for the first tim e in this tissue. D ue to 
the less com m on occurrence of the two latter com ­
pounds, fu rther evidence of their identity is given 
below.

6-M ethoxykaem pferol-3-glucoside: This com pound 
exhibited 15 nm shift of band I in the presence of 
AICI3 +  HC1 (Table II) indicating substitution at posi­
tion 3. H ow ever, the low m agnitude of that shift sug­
gested a 6-m ethoxy substitution [13]. F urtherm ore, 
there  was 25 nm shift in presence of N aO A c, but 
none with N aO A c +  H 3B O 3, indicating a free 4 '-O H  
and the absence of an o-dihydroxy-system , respec­
tively. The presence of a C -8 proton (6.25 ppm ), as 
well as a m ethoxyl group (3.7 ppm ) in the ‘H N M R 
spectrum  (D M SO -d6), confirm ed the presence of a 
6-m ethoxy substitution. Furtherm ore, ring B protons 
appeared  as two groups, of two equivalent protons 
each (6 +  6.84 and 7.97 ppm ), coupled together with

an ortho  coupling (6 =  8.8 Hz) which is characteristic 
o f a disubstitu tion  in l ' , 4 ' ,  indicating a kaem pferol 
derivative. A  7.7 Hz coupling constant was observed 
betw een H -l"  (6 =  5.37 ppm ) and H-2" of the sugar 
m oiety, indicating a ß-linked sugar. Acid hydrolysis 
yielded glucose and 6-m ethoxy-kaem pferol. The fact 
that the la tte r aglycone did not co-chrom atograph 
with 8-m ethoxy-kaem pferol [14], provided further, 
though ind irect, evidence of being the 6-substituted 
analog.

Q uercetin-3,7-disu lfate: T he electrophoretic m o­
bility of this com pound (Table I) suggested a disul­
fate ester which on hydrolysis with sulfatase gave 
quercetin-3-sulfate [7], and on acid hydrolysis gave 
quercetin . The spectral shift of the disulfate ester in 
presence of HC1 (Table II) indicated 3-sulfation, 
w hereas the absence of a N aO A c shift in band II 
suggested 7-sulfation. F urthe rm ore , a 22 nm shift in 
presence of N aO A c +  H 3B O 3 dem onstrated  the p res­
ence of o-d iO H  function on ring B. This com pound 
was tentatively  identified as quercetin-3,7-disulfate 
since it did not co-chrom atograph with either the 
3 ,3 '- or 3 ,4 '-analogs. To our know ledge, the natural 
occurrence o f quercetin-3,7-disulfate has not previ­
ously been repo rted  [2—5]. F u rthe r identification 
and chem ical synthesis of this com pound are in prog­
ress.

F lavonoid  con ten t o f  different organs

Q uantitative analysis of various flavonoids in dif­
ferent organs of 3 —4 w eek-old seedlings (Table III) 
indicated tha t the highest am ounts of individual, as 
well as to ta l, flavonoids w ere found in the buds >  
shoots >  leaves. O n the o th er hand , the root system 
of seedlings was conspicuous by the absence of both 
glucosylated and sulfated flavonols. The fact tha t the 
leaf tissue constitu tes the m ajo r part (both weight 
and surface area) of the shoot system , indicates that 
the leaf is one of the principal sites of flavonoid 
synthesis and accum ulation.

It is in teresting  to note tha t the flavonol glucosides 
in the seedlings am ounted to  <  10% of to tal fla­
vonoids (Table III), as com pared with approxim ately 
50% in m ature shoots (Table I). Q uercetin-3,7-disul­
fate rep resen ted  the m ajor constituent in the seed­
lings and am ounted  to 50—70%  of total flavonoids. 
H ow ever, in m ature shoots quercetin-3-sulfate, -3,7- 
disulfate and -3 ,7 ,3 ',4 '-te trasu lfa te  were the m ajor 
products am ong the sulfate esters, even though they 
form ed only 40%  of total flavonoids (Table I).



Table III. Flavonoid content o f different organs of Flaveria 
seedlings3.
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Flavonoid nmol per gram fresh weight
compoundb Bud Stem Leaf

K-3-glucoside -1- 6 -OMeK-
3-glucosidec 1 1 1 10.4 3.64

P-3-glucoside 162 93.5 7.81
Q-3-sulfate 147 24.7 2.60
IsoR-3-sulfate 38.1 33.6 4.17
Q-3,7-disulfate 1540 6 8 6 354
IsoR-3,7-disulfate 19 13.8 6.51
Q -3,7,3',4'-tetrasulfate 43.3 13.9 2.60

a Aqueous (50% ) methanolic extracts of 3 week-old seed­
lings were analyzed by HPLC as described in the 
M ethods section. The amounts o f individual compounds 
were calculated from the integrated peak areas and the 
absorbance o f total extracts using an average extinction  
coefficient of 2 0 .0 0 0 . 

b IsoR, isorhamnetin; K, kaempferol; P, patuletin; 
Q, quercetin. Q -3-acetyl-7,3\4'-trisulfate was absent in 
seedlings.

c K-3-glucoside and 6-OM e-K-3-glucoside could not be 
resolved on HPLC.

B iosynthesis o f  fla vo n o id s fro m  labelled  precu rsors

Prelim inary labelling experim ents using th ree 
w eek-old intact seedlings indicated that the highest 
label incorporation  was observed in the term inal bud 
and the adjacen t pair of young leaves (data  not 
shown). T herefore, only the youngest leaf pairs w ere 
used for isotopic experim ents.

Fig. 3 shows the tim e course for incorporation  of 
[3H ]cinnam ate (Fig. 3 A ) and [35S]sulfate (Fig. 3B ) 
into individual flavonoids, as well as the to tal 
m ethanolic extracts (insert) of leaf disks. W hereas 
the rate of label incorporation  of e ither precursor 
was alm ost linear w ith tim e up to 60 m in, the o rder 
of labelling of the various flavonoid derivatives was 
different. Com parison of the profiles of glucosylated 
and sulfated flavonols shows tha t the cinnam ate label 
was found mostly in flavonol glucosides, as com ­
pared with the sulfate esters, w ith a ratio  of 13 to one 
after 3-h incubation with the labelled precursor 
(Fig. 3 A ). The incorporation  of label from  [35S]sul- 
fate was, as expected, restricted  to  the flavonol sul­
fates, and was proportional to the num ber of sulfate 
ester linkages of individual com pounds (Fig. 3B ).

W hen leaf disks w ere pulsed for 30 min in e ither 
precursors, followed by a 3-h chase in w ater, sim ilar 
results were ob ta ined  (Figs. 4 A , B); except for a 
drop in the radioactivity of quercetin-3-m onosulfate
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Tim e [min]
Fig. 3. Incorporation of label of [3H]cinnamate (A ) or 
[35S]sulfate (B) into total M eOH extracts (inserts) and the 
individual flavonoid constituents of the first pair o f seedling  
leaves of F. bidentis at the times indicated. Leaf disks were 
administered 3.7 x  104 Bq cinnamate (4.03 x  102 GBq/ 
mmol) or sulfate (1.59 x  103 GBq/mg). isoR, isorhamnetin;
K, kaempferol; Q , quercetin; P, patuletin. ( -----O ----- ),
K-3-glu; ( ------ O ------- ), 6-MeO-K-3-glu; ( ------- • ------- ),
P-3-glu; ( ---- ■ ----- ), isoR-3-sulfate; ( ------- ■ ------- ), isoR-
3 ,7-disulfate; ( ---- □ ----- ), Q-3-sulfate; ( ------- □ ------- ),
Q-3,7-disulfate; ( ---- ▲ — ), Q-3-acetyl-7,3',4'-trisulfate;
(-------▲------- ), Q -3,7,3',4'-tetrasulfate.

and quercetin-3,7-disulfate. The la tte r com pounds 
seem  to have been m etabolized to  a higher o rder of 
sulfated flavonols (Fig. 4B ).
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Time of chase Ihr]

Time of chase [hr]

Fig. 4. Incorporation of label o f [3H]cinnamate (A ) or 
[35S]sulfate (B ) into individual flavonoid constituents of the 
first pair o f seedling leaves, after 30-min pulse with cinna­
mate or sulfate followed by 3-h chase in water, at the indi­
cated times. Am ount of label administered and symbols for 
individual compounds are as in Fig. 3.

D ouble feeding experim ents, using both labelled 
precursors fu rther indicated that flavonol glucosides 
w ere only labelled from  cinnam ate, w hereas the sul­
fate esters contained the label of both precursors 
(Fig. 5). The high label incorporation into kaem p- 
ferol as com pared with patuletin  glucosides is 
consistent with the fact that form ation of the latter

5

U

' S  3
cr

CD
2

1

Fig. 5. Incorporation of [3H]cinnamate and [35S]sulfate, 
after 3-h incubation with both label, into individual 
flavonoids. Leaf disks were administered 3.7 x  104 Bq cin­
namate (4.03 x  102 G Bq/m m ol) and sulfate (1.59 x  103 

GBq/m g). Abbreviations for compounds as in Fig. 3.

aglycone requires fu rthe r biosynthetic steps involv­
ing m odification of both rings A  and B (Fig. 1). Simi­
lar to  the tim e course experim ent (Fig. 3B ), [3r'S]sul- 
fate incorporation  increased with increasing level of 
sulfation of both quercetin  and isorham netin , with 
the [3H] to p S ]  ratio  in sulfated flavonols rem aining 
nearly constant (Fig. 5).

Discussion

W e have dem onstrated  the presence, in F. biden- 
tis, of the 3-O-glucosides of kaem pferol, 6-methoxy- 
kaem pferol and 6-m ethoxyquercetin  (patu letin ), as 
well as flavonol sulfate esters belonging to quercetin  
and isorham netin  (Fig. 1, Table I). Except for 
quercetin-3 ,7-disulfate , all o ther sulfated flavonols 
have previously been described ([6] and refs, cited 
therein). O n the o ther hand , 6-m ethoxykaem pferol-
3-glucoside has been reported  as a novel com pound 
in F. brow n ii [15]; w hereas patuletin-3-glucoside in
F. linearis and F. trinervia  [16] as well as o ther C om ­
positae [17]. These two glucosides together with 
quercetin-3,7-disulfate are being reported  here , for 
the first tim e, in F. bidentis. To our know ledge, the 
la tter com pound represen ts a h itherto  unreported  
disulfate es ter of quercetin  [2—4], which com ple­
m ents the two o ther analogs, quercetin-3 ,3'- (unpub­
lished results) and quercetin-3 ,4 '-d isulfate esters [6].

The co-occurrence of both  groups of com pounds 
as the 3-glucosides and the sulfate esters of kaem p­
ferol and quercetin  derivatives, respectively rep re­
sents a striking feature of the flavonoid pattern  of F.
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bidentis, as com pared with o ther Flaveria spp . [7, 15, 
16]. F urtherm ore, the quantitative differences o b ­
served in the different organs of seedlings (Table III) 
as com pared with m ature shoots (Table I) represen t 
ano ther interesting feature of this plant. The p re ­
dom inance of the flavonoid sulfate esters in the 
seedling, especially quercetin-3,7-disulfate which 
represen ted  50—70% of total flavonoids as com pared 
with 9%  in m ature shoots, raises the question as to 
the significance of sulfated flavonols in the growth 
and developm ent of this species.

The biosynthesis of Flaveria  flavonoids from  
[3H ]cinnam ate and [3r,S]sulfate show ed that the cin­
nam ate label was incorporated alm ost predom inantly  
into flavonol glucosides (Figs. 3 A , 4 A ), w hereas 
that of sulfate, into flavonol sulfate esters (Figs. 3B , 
4B ) which increased with increasing level of sulfa­
tion. The lack of incorporation of [3H ]cinnam ate into 
sulfated flavonols (Figs. 3 A , 4 A ) may be due to  a 
low endogenous level of 3-phosphoadenosine-5 '- 
phosphosulfate (PA PS), the sulfate donor. H ow ­
ever, when both precursors were available (Fig. 5) 
flavonol sulfate esters were found to  contain both 
[3H] and [35S] labels in almost constant ratio . These 
results indicate that sulfation is a later step in the 
biosynthesis of flavonol sulfate esters, and is reg­
ulated  by PAPS. The low incorporation  of the [35S] 
into isorham netin sulfate esters (Figs. 3B , 4B ) may 
have been due to their low concentration  in seedling 
leaves, as com pared with that of quercetin  analogs 
(Table III). H ow ever, fu rther experim ents will be 
required  to dem onstrate w hether sulfation precedes
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or succeeds O -m ethylation in the biosynthesis o f the 
sulfate esters of isorham netin, as well as o the r p a r­
tially m ethylated  flavonols.

Very recently , we have dem onstrated  the en ­
zym atic sulfation of quercetin  to  its m ono-, di-, tri- 
and te trasu lfate  esters by cell-free extracts of F. b i­
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roles in flavonoid m etabolism  of F. bidentis, i.e. the 
inactivation of reactive hydroxyl groups and/or in­
creasing the solubility of these m etabolites. H ow ­
ever, the involvem ent of different aglycone residues 
in the biosynthesis of both glucosides and sulfate es­
ters suggests possible differences in the regulation of 
their biosynthesis and their com partm entation  within 
the cells and  tissues of this plant. These challenging 
problem s deserve further study.
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