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Abstract-A threefold glucuromdatlon of luteolin terminates the biosynthesis of luteplin 7-@[b-D- 

glucuronosyl(1 -r2)P-D-glucuronide] 4’-0-P-D-glucuronide, the maJor flavone of the mesophyll of 5-day-old rye 
primary leaves. The strictly sequential transfer of glucuronate 1s catalysed by three specific enzymes UDP- 
glucuronate luteolm 7-0-glucuronosyltransferase (LGT), UDP-glucuronate: luteolm 7-O-glucuromde-glucuronosyl- 
transferase (LMT) and UDP-glucuronate: luteolin 7-0-diglucuromde-glucuronosyltransferase (LDT). The three 
enzymes were separated on Ultrogel AcA-44 and DEAE-cellulose. The LGT was purified 170-fold and the LDT 23- 
fold, while the LMT was further chromatographed on hydroxylapatlte, yleldmg a 99-fold purification The M,s were 
34 000 (LGT), 37 000 (LMT) and 29 000 (LDT). The isoelectric points of LGT and LDT were Identical at a pH of 4 75, 
and an IEP of 4 80 was found for LMT The pH optima were at 6.5 (LGT), 6.5 and 8 5 (LMT), and at pH 7 (LDT) 
Temperature optima were 50” for LGT, 52” for LMT and 40” for LDT; the energies of actlvatlon were 50, 23 and 
38 kJ/Mol, respectively. Each of the enzymes IS highly specific for Its natural substrate. Luteolin and UDP both had a 
strong mhlbltory efI&t. For UDP, an uncompetitive inhlbltlon was found, when the concentration ofthe gIucuronate 
acceptor was varied. The LDT was not significantly mfluenced by the divalent cations Ca’ + and Mg’ +, whereas LGT 
and LMT were stimulated by Mg2 + Ions (LGT. ca 20% up to 1 mM; LMT: up to 50% at 0.75 to 1 mM) and by Ca2+- 
Ions (LGT: ca 25% at 0 25 mM; LMT: ca 20% at 0 5 mM) The reactions are Irreversible under the standard assay 
condltlons 

INTRODUCTION 

Primary leaves of rye show a close correlation between 
organ development and metabolism of several flavonolds 
[l-4]. The age-dependent metabolism of the maJor leaf 
flavonold, luteolm 7-O-[p-D-glucuronosyl(l+2)fi-D- 
glucuromdel-4’-O-/?-D-glucuromde (RI), IS characterized 
by significant accumulation up to the fifth day followed 
by a rapid decline during further leaf development [l]. 
This loss is due to a turnover which is mltlated by a 
highly spectfic /?-glucuromdase [S] which catalyses the 
removal of glucuromc acid m the 4’-posltlon as the first 
catabolic step, producing luteolin 7-o-c/?-D-ghCU- 

ronosyl(l+2)/?-D-glucuromde] (R2) 
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Abbreviations PEG Polyethyleneglycol, EGME: ethylene- 

glycol monomethyl ether, 2-ME 2-mercaptoethanol, -glur 

glucuromde, LGT UDP-glucuronate luteohn 7-O-glu- 

curonosyltransferase, LMT UDP-glucuronate luteohn 7-0- 

glucuromde-glucuronosyltransferase, LDT. UDP-glucuronate 

luteohn 7-0-diglucuromde-4’-0-glucuronosyltransferase, L lu- 
teohn, N luteohn 7-0-p-D-glucuromde, RZ luteohn 7-@[B-D- 

giucuronosyl(l+2)8-o-glucuromde], R’ luteohn 7-0-[B-D- 

glucuronosyl(l-+2)j?-D-glucuromde] 4’-0-fi-o-glucuromde. 

Glycosldatlon reactlons are known to be the last steps 
in the specific biosynthesis of several flavonold glycosldes 
[6-111. Therefore, luteolm dlglucuronide (R’) may not 
only be the product of R’-degradation but also an mter- 
mediate m Rl-biosynthesis 

A number of flavonold-speafic UDP-sugar transfer- 
ases extracted from different plants have been described 
[6-l 1). However, data on UDP-glucuronosyltransfer- 
ases from plants are limited, the enzymes only being 
studied m crude extracts [12, 133. Furthermore, there are 
only few reports on the sequential glycosylatlon of flav- 
onolds [14, 151. We now report on the partial punfi- 
catlon and characterization from rye primary leaves of 
three UDP-glucuronosyltransferases mvolved in the 
sequential blosynthesls of luteolm trlglucuromde (R’) 

RESULTS 

Partial purijicatlon ofglucuronosyltransferases 

Four-day-old rye primary leaves are smtable for the 
extraction and purlficatlon of glucuronosyltransferases 
because of their high yield of catalytic actlvlty for all 
three glucuronidatlon steps Durmg this phase of devel- 
opment, from day three to day five, the luteolm triglucu- 
ronide is accumulated almost hnearly m the leaves [l] 
When crude extracts were incubated with luteolm and 
UDP-glucuromc acid as substrates (cf. legend of Fig. l), 
the three products were synthesized and identified by 
HPLC cochromatography as luteolm 7-0-glucuromde 
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(N), luteolm 7-0-dlglucuromde (R2), and luteolm 7-0- 
dlglucuromde-4’-0-glucuromde (R’) 

Figure 1 presents their time-dependent accumulation 
and It IS suggested that N IS the first intermediate as this 
does not accumulate further after the first 30 mm and 
remams at a steady state concentration for up to 100 mm. 
It 15 immediately converted to R’, the second mtermedl- 
ate and this m turn IS converted to R’ the termmal 
product R’ finally becomes the major product after a 
longer period of mcubatlon (ca 3 hr, not shown) 

Chromatography of a concentrated crude extract on 
Ultrogel AcA 44 did not separate the three glucuronosyl- 
transferase actlvltles Nevertheless, they were eluted after 
a major part of the apphed protein had passed the 
column Separation of the three actlvltles was successful- 
ly achieved by subsequent chromatography on DEAE- 
cellulose (Fig. 2). Using a K-P1 gradient, enzyme actlvl- 
ties eluted at 0 06 to 0 07 M for LMT, 0 09 to 0.11 M for 
LGT and 0.13 to 0.15 M for LDT There was slight cross 
contammatlon of LMT and LGT (see below). After this 
second chromatographlc step. the LGT showed a 170- 
fold purdicatlon whereas LMT and LDT were enriched 
by 47- and 23-fold, respectively (Table 1). In contrast to 
the very labile LGT and LDT, the relatively stable LMT 
could be further purified on hydroxylapatlte resulting m 
a 99-fold purification 

Ultrafiltration was chosen to concentrate them since 
the glucuronosyltransferases were sensitive to PEG and 
ammonium sulphate Sensmvlty to the latter has also 
been described for a flavonold-specific UDP-glucosyl- 
transferase isolated from cell suspension cultures of par- 
sley [7] The reason for the remarkable increase of the 

LMT-activity as well as the high loss of the LGT-activity 

30 ml” 

after the first ultrafiltration step IS unclear. There was no 
hmt of a LMT-inhibitor of low molecular weight, capable 
of passing the ultrafiltration membrane durrng the 
concentration 

The purified enzymes could be stored m 50% glycerol 
at -20” for more than three months with losses of 
actlvlty of 30 to 50% Freezing (without glycerol) re- 
sulted m a complete deactlvatlon NBtlve eiectrophoresIs 
showed that none of the glucuronosyltransferases was 
purified to homogeneity Nevertheless, they represented 
the major bands m gels after stammg with Coomassle 
Blue (data not shown) Gel slices were assayed for enzyme 
actlvlty usmg the substrates luteolm, N and R’ Only the 
major bands showed the respective glucuronosyltransfer- 
ase activity and no additional transferase could be detec- 
ted m the gels 

General properties of the partially pmjieied glucuronosyl- 
transfirases 

The transfer reactions were linear with time up to 
30 mm for LMT, and up to 40 mm for the two other 
glucuronosyltransferases. Protein concentrations up to 
3 pg per assay resulted m a linear increase m actlvlty for 
all three enzymes. In general, high ionic strength had an 
mhlbltory effect The LGT showed highest actlvlty at pH 
6.5 m 0.01 M citrate buffer (50% activity at pH 5 6, 
citrate buffer and pH 9, Blcme buffer) The pH optimum 
of LDT was at pH 7 m 0.05 M K-PI buffer (50% actlvlty 
at pH 6 m citrate buffer and pH 9 m Blcme buffer) The 
LMT exhibited two pH optima one at pH 6 5 in 0 01 M 
K-PI buffer and a second at pH 8 5 m 001 M Blcme 
buffer (50% actlvlty at pH 6, K-PI buffer and pH 9, 
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Fig 1 HPLC-chromatograms ofcrude extract mcubatlons with luteohn (20 PM m EGME) and UDP-glucuromc 
acid (500 PM) as substrates m 10 mM citrate buffer, pH 5 5, 10 mM 2-ME time dependent sequential synthesis of 

luteolm 7-O-glucuromde (N), luteolm 7-U-dlglucuromde (R’), and luteohn 7-O-dlglucuronosyl-4’-O-glucuromde 

(R’) The reartlon was started by the addltlon of 15 111 crude extract (total assay volume = 100 ~1) and stopped with 
100 /tl MeOH The elutlon of the products and of luteohn (L) was performed with a hnear gradlent from lOO”/o 

water (I “/o H,PO,) to 100% acetomtrlle m 20 mm, detectlon wavelength= 340 nm 
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Fig 2. Chromatographlc separation of the three UDP- 

glucuronate:flavone-glucuronosyltransferases on DEAE-cellu- 

lose The hnear gradient ranges from 0 01 to 0 2 M K-PI, flow 

rate. 60 ml/hr, 4.5 ml-fractions were collected and assayed for 

transferase actlvltles, substrates as m Fig 1 -protein 

(A,,, nm), O---O LMT, O----O LGT, n-n LDT, 
- - phosphate gradlent 

Biclne buffer, 3@40% activity at pH 7.5, K-PI buffer) In 
crude extracts, a second pH-optimum at 8.5 was absent, 
and It 1s possible that the properties of the LMT might 
change during punficatlon. For LGT and LMT there 
were almost ldentlcal temperature optima of 50”, whereas 
the optimum was 40” for LDT. Figure 3(a-c) shows the 
Arrhemus plots for each enzyme used to calculate the 
energies of actlvatlon. These differed between the en- 
zymes with values of 50 kJ/mol for LGT, 23 kJ/mol for 

LMT, and 38 kJ/mol for LDT. M,s of 37000 for LMT, 
34 000 for LGT and 29 000 for LDT were recorded after 
chromatography on Ultrogel AcA-44 These results were 
supported by SDS electrophoresis and therefore the three 
enzymes are monomeric. The apparent IEP’s, estimated 
by chromatofocussmg, were nearly identical with pH 4 75 
(LGT, LMT) and pH 4 8 (LDT) 

Substrate spec$iclty and kmetxs of glucuronosyltrans- 
ferase 

Several flavonoids and (hydroxy)cinnamic acid(s) were 
tested as possible glucuronate acceptors. The results are 
listed m Table 2, and apparent K, and V,,,,,values are 
given m Table 3. The LGT showed the highest activity 
with luteolin as substrate (lOO%), while aplgemn was 
accepted at 38%. There was low actlvlty with the two 
flavone 7-0-glucuronides, which might be due to the 
slight contamination of LGT with LMT (cf Fig 2) For 
LGT none of the other compounds tested was a suitable 
substrate. Luteohn 7-0-glucuronide was the best sub- 
strate for LMT. This enzyme also catalysed the transfer 
of glucuronate to the two other flavone 7-0-glucuronides 
and to apigenin 7-0-glucoslde with high efficiency. The 
affinity to the flavone aglycones was very low and no 
product could be detected with the flavonols, flavone-c- 
glycosldes, a flavanone, and cinnamlc acids. The LDT 
did not accept flavone aglycones, and the best substrate 
was luteolin 7-0-diglucuromde. However, there was 
some transfer to the flavone 7-0-glucuromdes and m the 
case of luteohn 7-0-glucuronide, the dlglucuronide was 
synthesized The other compounds were not suitable 
substrates 

Each of the glucuronosyltransferases showed highest 
activity to its natural acceptor substrate with high and 
similar affinities (low &-values) but different apparent 
V,,,,,values (Table 3) None of the three enzymes accepted 
aplgemn 7,4’-O-dlglucuronide as a substrate This fact as 
well as the absence of luteolin 7,4’-0-dlglucuronide as a 

Table 1 Partial purdicatlon of the glucuronosyltransferases from rye primary leaves 

Total SpeClfiC 

activity Yield activity Protem Purification 

Purification step Enzyme (pkat) W) Wat/kg) (mg) (-fold) 

Crude extract 

Ultrafiltration 

Ultrogel AcA 44 OA-activity* 4883 53 241 5 147 2 

Ultrafiltration LMT 27913 213 1889 12 

Sephadex G-25 LDT 2100 25.5 143 14 

DEAE-Cellulose 

Ultrafiltration 

LGT 3883 42 19415 

LMT 10671 81 7622 

LDT 1373 16.7 2288 

02 170 

14 47 

06 23 

0.07 99 Hydroxylapatlte 

Ultrafiltration 

OA-activity* 9255 100 1142 1 

LMT 13 100 100 162 81 1 

LDT 8209 100 101.6 1 

OA-activity* 7149 77 109 65 7 095 

LMT 44 242 337 737 4 45 

LDT 2453 30 374 04 

LMT 1173 85 16048 

*Over-all activity (OA) of LGT, LMT, LDT as assayed under standard assay condltlons for LGT, with luteohn as 

flavone substrate 
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Fig 3 Arrhemus plots for the determmation of the apparent 
energy of actlvatlon of purllied (a) LCIT, (b) LMT and (c) LDT 

reaction product or mtermedlate, reflects the strict positi- 
onal specificity of the threefold sequential glucuromd- 
atlon of luteolin to R’ via N and RZ by three enzymes 

To Investigate the donor speclficlty of the three glucu- 
ronosyltransferases, several UDP-sugars were tested (Ta- 
ble 2). All three enzymes showed highest actlvlty with 

UDP-glucuronate. The LGT and LDT showed a 10% or 
lower acceptance of the other UDP-sugars tested, and 
the LMT showed only a 3.4% acceptance. Apparent K, 

and Max values varied with the donor molecule The 
LGT showed the lowest K, and V,,,,values (K,= 12 PM; 
I’,,,,,= 777 &at/kg protein), while LMT had an apparent 
K, more than three fold higher (40 PM) and also a higher 
I~‘,,,,,(7692 pKat/kg protein) The LDT showed a lower 
affinity to the donor molecule (Km=90 I_IM, V,,, 
= 3000 pKat/kg). Slmllar K,-values have been described 
for most of the flavonold-specific glycosyltransferases 
studied In many cases the K,-value for the sugar donor 
was much higher than that found for the phenohc 
reactant 16, 7, 15, 161 

Injhence ofcutrons. C’DP, ADP, und luteolrn on ylucuron- 
osyltransjkase actmfles 

The LDT was not affected by Mg’ + and Ca2 ’ tons up 
to 0 5 (0 75) mM whereas LMT showed a 20% stlmul- 
atlon with 0.5 mM Ca” and LGT a 20% stlmulatton 
with 0 25 mM Ca’” Further increases m Ca2’ concen- 
tration caused a decline of actlvltles For LGT, a slmllar 
rise m actlvlty was obtained by the addltlon of Mg2+ 
Ions up to 1 mM, whereas LMT activity showed a 50% 
increase with the addition of 0 8 mM Mg* + The latter 
enzyme was however mhlblted by 40’4 with the addition 
of heavy metal Ions (Cu’+, Pb’ ’ . and Agi) at a concen- 
tration of 0.75 mM The LGT and LDT were less sense- 
ttve to the heavy metal Ions with no slgmficant response 
to concentrations up to 1 mM 

Luteolm reduced the actlvltles of all three glucuron- 
osyltransferases For LGT, a substrate mhlbltlon of 60% 
was observed with 140klM luteohn, while LMT was 
inhibited by 50% with 100 PM luteohn and LDT was 
mhlblted by 50% with 20 FM luteolm. In addltton to the 
mhlbltlon of flavonold-specific glycosyltransferases by 
aglycones the mhlbltory effect of the reaction product 
UDP has been reported by other workers [7, 15, 17, 1X] 
For the glucuronosyitransferases UDP was a more effec- 
tive mhlbltor than luteohn Kinetic studies mdlcated an 
uncompetltlve tnhlbltlon by UDP when the phenohc 
substrate was varied The K,,-values were determined by 
secondary plots of the intercepts (Lmeweaver-Burk dla- 
grams) on the c- ’ axls vs the concentration of UDP A 
similar K,,-values of 120 PM was found for both LMT 
and LDT, but LGT had a higher K,, of 260 PM UDP In 
contrast to UDP, ADP had no mfluence on the enzyme 
actlvlttes Free reverslblhty of an UDP-glucose flavonol 
glucosyltransferase reaction has been described, with 
IJDP-glucose appeared as a product [16] and the same 
result was found by Sutter et ul for a similar enzyme 
[18]. However, the three glucuronosyltransferases from 
rye were not observed to catalyse the reverse reactions m 
the presence of UDP and the equlbalent glucuronylated 
luteohn derivative (RI, R’. N) as substrates (standard 
assays) 

DISCLSSIOhi 

The three glucuronosyltransferases mvolved m the 
sequential blosynthesls of luteohn trlglucuromde (R’) are 
slmllar to other flavonold-specllic glycosyltransferases 
studied so far [6, 7, 15. 17--191 They have low M,s and 
there was no evidence of subunits capable of catalysmg 
all three glucuromdatlon steps !>I vztm Nevertheless, 
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Table 2 Substrate specificity of the glucuronosyltransferases* 

LGT LMT LDT 
Substrate pkat/assay Actlvlty (%) pkat/assay Actlvlty (%) pkat/assay Actlvlty (U) 

Luteohn 1 32 100 0.4 6 - 

Luteolm 7-0-glur (N) 007 6 645 100 0 32 34 

Luteohn 7-O-dlglur(RZ) - - - 11 loo 
Aplgemn 05 38 0 39 6 

Aplgemn 7-0-glur 0.2 17 57 88 022 20 

Aplgemn 7-O-& - 3 32 51.5 
Aplgemn 7,4’-O-dlglur - - 

Chrysoerlol 7-0-glur 0.3 23 42 65 007 12 
UDP-Glur 118 100 623 100 108 100 
UDP-Xyl 012 10 5 025 4 013 10 

UDP-Gal 011 93 018 3 008 75 

UDP-Glc 0.12 10 0.27 43 0.11 106 

*Standard enzyme assays were used with the partially purified enzymes as described m the Experimental Identity of reaction 

products was verified by co-chromatography (HPLC) with reference compounds The reactlon products with apigemn 7-0- 

glucuromde, apigemn 7-0-glucoslde and chrysoerlol 7-0-glucuromde as substrates were not further Identified Vltexm, saponarm, 

lutonarm, quercetm 3-0-glur, quercetm, kaempferol, narmgenm, and p-coumarlc acid, feruhc acid, cmnamlc acid were not accepted 

as substrates (results not listed) 

Table 3 Kmetlc properties of the glucuronosyltransferases* 

Substrate 

LGT LMT LDT 
V 

($) max 
Kn V 

(PM) lllpx 

Kn V 

(pKat/kg) (@Kat/kg) (PM) max (lKat/kg) 

UDP-glucuromc acid 12 777 40 7692 90 3ooo 

Luteohn 8 1600 

Luteolm 7-0-glucuromde 12 9231 

Luteohn 7-0-dlglucuromde 9 741 

*Apparent K,- and Vmai values for the substrates of the three UDP-glucuronosyltransferases 

were obtained with a constant glucuronate donor concentration of 500 FM UDP-glucuromc acid per assay. 

In order to determine K,- and V,,,,;values for UDP-glucuromc acid measurements were done with the 

following constant acceptor concentration 20 PM luteolm/assay (LGT), 60 pM N/assay (LMT), 30 PM 

RZ assay (LDT) The protem concentration per assay was 3 pg (LGT), (LDT) and 1 5 pg (LMT), re- 
spectlvely 

under m utuo condlttons the three glucuronosyltransfer- 
ases may be weakly associated. Dlssoclatlon of a transfer- 
ase-complex by the destruction of inner cell structures 
cannot be excluded and the propertles of the separated 
enzymes may be different The low &-values of LGT 
and LMT may explain the absence of luteolm and lu- 
teohn 7-0-glucuromde accumulation m rye primary 
leaves In Intact leaves, luteolm dlglucuromde (R’), a 
product of the LMT-catalysed reaction, never becomes a 
major flavonold [l] However, the accumulation of the 
luteohn glucuromdes R’ and R* m rye primary leaves 
does not reflect the results of m ultra measurements. We 
therefore suggest a channellmg of R’ synthesis that does 
not allow the accumulation of R2 m higher amounts m 
the anabolic pathway The amount of RZ observed [l] 
may be prlmardy due to the degradation of R’ by a R’- 
specific /3-glucuronidase [SJ. Flavonold glycosidatlon 
has been postulated to be weakly associated with mem- 
branes of the tonoplast or the ER [20,21]. The presence 
of the three glucuronosyltransferase actlvltles m the sol- 
uble cellular fraction together with then pH optima (6 5, 

7, 8 5) supports a cytosolic localization and seems to 
exclude a tight membrane association. 

EXPERIMENTAL 

Plant materraf Caryopses of Secale cereale L. var Kustro 

were purchased from F. von Lochow-Petkus, Bergen (F.R G), 

and seedlings were grown m a phytotron as previously described 

111 
Substrates and other chemtcals Luteolm, aplgemn, aplgemn 

7-0-glucoslde, vitexm, kaempferol, narmgemn, p-coumanc 

acid, feruhc acid, and cmnamlc acid were obtained from Roth 

(Karlsruhe) Further substrates were isolated from smtable 

plants and purified cf [S]. All phenohc substrates were 9S-98% 
pure as analysed by HPLC [S] Quercetm 3-0-glucuromde was 

a gift from Prof E. Wollenweber (Darmstadt) UDP-glucuromc 

acid, UDP-galactose, UDP-xylose, and UDP-glucose were pur- 

chased from Boehnnger, Mannhelm DEAE-cellulose 52 was 

from Whatman, Sephadex G 25 and kits for chromatofocussmg 

were from Pharmacla Ultrogel AcA 44 was purchased from 

LKB, Frelburg, Hydroxylapatlte Blo-gel HTP powder and stan- 
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dard protems for SDS-gel electrophoresls from Blo-Rad (Mdn- 

then) BSA, fraction V powder was from Sigma, and Dowex 

AC 1 x 2(20&400, Cll-form), Polyclar AT as well as standard 
proteins for M, determmatlon from Serva (Heidelberg) All other 

chemicals were of analytical grade 
Enzyme extractlon and purlfrcatlon All operations were car- 

rled out at &4’, buffers contamed IO mM 2-mercaptoethanol,(4- 

day-old primary leaves (10-l 5 g fr wt) were frozen in hqmd Nz 

and ground In a mortar The powder was stured for 40 mm m 

0 1 M K-PI buffer, pH 7 0, contammg 50% (w/w) Dowex AG 1 
x 2 (Cl form) and 15% (w/w) Polyclar AT The crude extract 

wds filtered through Mudcloth (Calblochem), and coned by 

ultrafiltratlon to 10 ml (ultrafiltratlon cell model 8050, ultrafil- 

tratlon membrane 10 PM 10, from Amtcon) The concentrate 

was applied to an Ultrogel AcA 44 column (1 5 x 85 cm) The 

column was previously eqmhbrated wnh elubon buffer, 005 M 

K-PI buffer pH 7 The flow rate was 10 ml/hr and 3 ml fractions 
were collected Fractions with glucuronosyltransferase activities 

were combmed, concentrated by ultrafiltratlon, and desalted by 

chromatography on Sephadex G 25 with 0 01 M K-PI buffer at 

pH 7 The eluate was apphed to a DEAE-cellulose 52 column (I 

x 25 cm). eqmhbrated with 001 M K-PI buffer at pH 7 After 

washmg with SO ml of eqmhbratlon buffer, transferases were 

eluted wnh a hnear gradlent of 160 ml 0 01-U 2 M K-PI buffer at 

pH 7 and a Bow rate of 60 ml/hr Fractions of 4 5 ml were 

collected, those with highest actlvlty of the respecttve transferase 
were either directly used for measurements or stored m 50% 

&C,‘Ol dt m-20” 

For further purnicatlon of the LMT, the DEAE-cellulose 

fractions of highest actlvlty were combmed and coned by ultra- 

filtration After 2 x 30 mm dlalysls agamst 0 01 M K-PI buffer 

pH 7. the protein solution was apphed to a hydroxylapatlte 

column (I x 5 cm, prewashed with 0 01 M K-PI buffer pH 7) After 
washmg the column with starting buffer (20 ml), the enzyme was 

eluted with a hnear gradient of 100 ml 001-O 2 M K-PI buffer 

pH 7 with a flow rate of 20 ml/hr 3 5 ml fractions were collected, 

those with LMT actlvny combined and concentrated by ultrafil- 

tration to 2 ml The enzyme solution was stored as indicated 

above Protein was determined according to Bradford 1221, 

using BSA ds standard 
EnzJlme atsays (I) UDP-glucuronate luteohn 7-O-glucuron- 

osyltransferase (LGT) The standard assay consisted of 20 PM 

luteohn (dissolved m EGME) up to 20 ~1 of the partially purlfied 

enzyme (2 7 pg protein), and 0 01 M citrate buffer, pH 6 5, m a 

total volume of 100 ~1 The reactlon was started by the addmon 

of 500 PM UDP-glucuromc acid (dissolved m cnrate buffer), the 

mcubatlon temperature was 37” After 30mm, the lncubatlon 

wds terminated by the addition of 100 ~1 MeOH 
(II) UDP-glucuronate luteohn 7-O-glucuromde-glucuron- 

oayltransferase (LMT) The standard assay conslsted of 60 PM 

luteolm 7-O-glucuromde (N) (dissolved m H,O), 500 pM UDP- 

glucuromc acid (dissolved m citrate buffer), 8 ~1 of the partially 

purified enzyme (1 5 pg protern), and 0 01 M citrate buffer 

pH 6 5 m a total volume of 100 ~1 Start and mcubatlon condn- 
ions were as m (I) Reactions were stopped after 25 mm, with 
MeOH 

(m) UDP-glucuronate luteolm 7-O-dlglucuromde-4’-O-glu- 

curonosyltransferase (LDT) The standard assay conslsted of 

30 /tM luteolm 7-O-dlglucuromde (dissolved m H,O), 500 )IM 
UDP-glucuromc acid (dissolved m K-PI buffer), up to 20 ~1 of 

the partially purified enzyme (3 jtg protein) and 005 M K-PI 

buffer pH 7 a total volume of 100~1 Start and incubation 

condmons were ar m (I), the reaction time was 30 mm 
Apparent K, and Vmlr values for the flavonold substrates of 

the three UDP-glucuronosyltransferases (Table 3) were ob- 

tamed with a constant concentration of 500pM UDP-glucu- 

romc acid per assay K, and V,,,values for UDP-glucuromc 

acid were estimated wtth the followmg acceptor concentrations, 
20pM luteohn per assay for LGT, 60pM N for LMT and 

30 PM R* for LDT Protein concentrdtlons were 7 /cg for the 

LGT and LDT assays, and 1 5 pg for the LMT assay 

Determmatlon of enzyme actwtle~ by HPLC Glucuronosyl- 

transferase actlvmes were measured by HPLC The HPLC 

system and chromatographlc procedures for the separation ot 

flavonold aglycones. mono-, dl-, and trlglucuromdes and glyco- 
sides, respectnely, were the same as described m [S] Evalu- 

atlons were performed with the SP4270 Integrator (Spectra- 

physics), usmg R1 ,md luteohn db external standards 

M, determrnutwns M,s were estimated by gel filtration, the 

Ultrogel AcA 44 column was cahbraled with standard protems 
The partially purllied glucuronosyltransferases were eluted with 

0 05 M K-PI buffer, at pH 7 M,s were also determmed by SDS 

electrophoresls dccordlng to [23] For LMT, the coned enzyme 

was used after chromatography on hydroxyldpatite For LGT 
and LDT, the appropriate bands of actlvlty m gels after native 

electrophoresls 1241 were eluted dnd prepared for SDS electro- 

phoresls Native electrophoresls was performed with enzyme 

solutions after chromatography on DEAE-cellulose 52 

Determmatlons of r~oelec trlc‘ pornty The apparent lsoelectrlc 

points of the three glucuronosyltransferases were determmed by 

chromatofocussmg, usmg a pH gradient from pH 7 to pH 4 The 

gradlent was controlled by pH measurements of each fraction, 

20 ~1 ahquots of the fractions were Incubated with luteohn, N, 

and RZ as acceptor substrates 
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