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Abstract-Five authmquiuo~e-sag ~u~sy~t~nsfe~ were partially pur&d from C&z&o~ ~cc~rubru celt 
suspension culture by fractianaf F~~~~t~n with ~rnoni~ sulphate, gel fittrstioo and chr~~tof~~ng on a fast 
protein liquid ~romato~phy system, Five, distinct ~~~y~ati~8 act&it&s were resolved with apparent pd values of 
5.3, 4X,4.5, 4.3 and 4.1. T&y accepted emodin, auth~~~u~~, quinizaria, ~~h~droxy a~t~~~~~~~ and 1.8- 
dihydroxy an~~quino~ as the best substrates, respectively. These enzymes exhibited similar characteristics as to pH 
optimum (pH 7) in ~stidjne/H~ buffer, M, SO Ooo, had no cation requirement and were inhibited by various SH-group 
reagents. The K, value of the respective anthraquinones for either of tbe five enzymes was 10 phi. The physiological role 
of these novel enzymes is discussed in relation to the biosynthesis of anthruquinone glucosides in this tissue. 

Mmy species oT the Rubiaceae are known to s~th~i~ 
a~th~qu~nones (AQs) both in uivo Cl] and in z&u, 
Among the latter, ~o~~~o c~fr~l~~ [2-s], ~~~u~ mui- 
iugo [68], Rubiu ~~rd~~ju [9-ll] and ~j~~o~ spp. 
{12--i 71 are well d~urn~~t~d, Except for the early 
enzymatic steps catalysed by o-succinyl benzoate CoA 
synthase [18] and Wdihydroxy-2-naphthoate CoA syn- 
thase [19], little is known of the enzymes involved in the 
later steps of biosynth~~s af AQ glucosides. 

Very recently, we reported on the production of AQ 
gtucosides in Cirrcftona succirufttrr (Rubiaceae) cell culture, 
and the presence of a g)u~syit~nsf~ (GT) activity in 
this tissue &?Oj. Tftis report describes, for the first time, the 
isolation and some properties of five distinct GTs (E.G. 
2.4.i~) which crdtaiysed the transfer of the gIucosy1 moiety 
from UDP-glucose to the hydroxyi group(s) of AQs. 

RESULTS AND DISCUSSION 

Growth of Cinchona cell culture 

in order to study the ~u~sy~ation of AQs, it was 
essential to determine the peak of GT activity in relation 
to culture growth and the production of AQs by C. 
succ~~~r~ cegts. Figure f shows that the earn 

Abbreviationr AQ, ~thmq~o~; DTE, d~~~~to~ 
FFLC, fast protein fiquid chromatography; GT, @cosyltraa- 
sferase; 2-ME. 2-mcrcaptocthanol; UDP-glucose. uridk 
diphospho-ghw.w. 
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Fig. t, Chanm with time in f&t weight &B) @-4t; dry 
weight f&j @--Ok protein content @&lj (A-&& total an- 
traquinone content @moi/l) (A-A) and gkcoayl~ranskrase 
activity (pkat/mg protein) (a --a) of C. sufcinrbra suspension 

culture. 

glucosyfation of AQs paxatleled cell growth and was 
concomitant with maximum protein content as well as AQ 
production in Cinchma c&s. 

The GT activity of C, zmx9rubru was purified by 
fractional ~~pi~~o~ with ~mo~urn sulphate, gel 
titration on Superosc 12 HR f0/30 column (Fig. 2) 
fallowed by chromatofucusing on Mono P HR 5/20 
column (Fig. 3). The latter purification step resulted in the 
resotution of five peaks of GT activity with apparent pl 
values af 5.3,4.8,4.5,4.3 and 4.1. These exhibited distinct 
specificity towards different substituted At&. The corn- 
bined purification steps resulted in an increase in specific 
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5 10 Eflect o/pH 

Fraction Number 
The pH optimum for the glucosylation reaction, as 

determined in different buffers, was found to be pH 7. 

Fig. 2. Elution protile of glucosyltransferase activity after gel Maximum GT activity was observed in histidine/HCl 

filtration on Superose 12 HR 10/u) column using emodin as buffer, and a change of one pH unit resulted in a loss of 

substrate. 60 % of enzyme activity. 

dihydroxy-AQ); whereas peaks IV and V accepted 2,6- 
dihydroxy anthraquinone and 1,8_dihydroxy anthraq- 
uinone as the best substrates, respectively (Table 2). Due 
to the difficulty in the separation of AQ glucosides [20, 
213, the individual reaction products could not be identi- 
fied. However, based on the substitution pattern of the 
substrates used (Table 2), it seems that these GTs may be 
attacking positions C-l and C-2 of AQs, or their equi- 
valents. Furthermore, all five enzymes accepted quercetin, 
as well as 3,7,3’,4’-tetramethylquercetin as substrates to 
various extent (Table 2). This may be due to the fact that 
positions C-5 and C-7 of a tlavone are structurally 
equivalent to positions C-1 and C-2 of an AQ, respectively 
(Fig. 4). It is interesting to note that the least reactive 5- 
hydroxyl of quercetin could be subjected to enzymatic 
glucosylation, despite the fact that it is chelated with the 
carbonyl group, as is evident from the reactivity of 
3,7,3’,4’-tetramethylquercetin (Table 2). Other phenolic 
compounds tested were poor glucosyl acceptors. 

activity of 202-, 337-. 228-, 417-and 823- fold for Desks I, 
Linearity of the glucosylation reaction 

11, 111,-N and v, respectively, as compared with that of the At optimum pH and IOpM of substrate, the gluco- 
crude extract (Table 1). sylation of AQs was linear with time up to 60 min and 

with protein concentration up to 50 pg. 

Substrate smzcificitv . . . 

The different activitv oeaks (Fig. 3) accepted oreferen- 
Enzyme stability 

tially different substraiei, so that hi I a&ptd emodin In the absence of SH-group portectors, the partially 
(1,6,8-trihydroxy-3-methyl-AQ); peak II, anthrapurpurin purified enzymes lost more than 50 % of their activity 
(1,2,7-trihydroxy-AQ); peak III, quinizarin (1,4- within 48 hr. However, the addition of 14 mM 2-ME to 

Fig. 3. 
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Elution profile of glucosyltransfcrasc activity after chromatofocusing on Mono P HR S/20 column using 
emodin as substrate. 
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Table 1. Purification of C. succirubro ghosyhransfefasei? 

Puri6cation step 

Total S@tiC 
protein activity Puri&ation Rcoovery 

(ms) @Lat/mg) (-fold) (%) 

Crude extract* 
~monium sulphate 

(35-8@ %)i 
Gel Ntratioa$ 
Chromatofocusing@ 

park1 
peak II 
peak I11 

w IV 
WV 

101 1.07 - 100 

92.7 1.21 1.1 100 
7.4 12.0 11.2 82 

0.138 216 202 28 
0.102 361 337 34 
0.087 244 228 20 
0.078 446 417 32 
0.054 881 823 44 

*Dowex 1 x 2. 
t Desalted on Scphadex G-25. 
$On Supcrose t2 HR lo/30 column. 
40n Mono P HR 5120 colomo. 

Table 2. Substrate specificity of C. swcbubra gh=osyltransferases 

Relative activity (%)* 

Substrate I 11 III IV v 

Alizarin (l&liOH-AQ) 44 SO 46 44 59 
Quinalixarin (1~5,8-tet~-OH-AQ) 34 22 14 21 5s 
chrysophanol (1.8diOH3MeAQ) 41 SO 86 85 80 
Emodin (1,6,8-triOH-3Me-AQ) 100 80 87 87 67 
2,6diOH-AQ 13 49 3s 100 54 
hu’purin (1,2,4-triOH-AQ) 32 29 25 30 48 
1,8_diOH-AQ 39 42 85 87 100 
Quinizarin (l,rldiOH-AQ) 33 50 100 77 64 
Anthrarufin (1,5diOH-AQ) 11 28 43 32 34 
Anthrapurpurin (1,2,7-triOH-AQ) 48 100 43 44 54 
3,7,3’,4’-Tetra-OMc-quercetin 29 72 82 22 71 
Apigenin 35 32 29 34 27 
Kaempferol 58 37 48 42 36 
Quercetin 60 52 77 76 71 
p-Coumaric acid 35 30 32 29 30 
Cafleic acid 40 4s 35 37 41 

* 100°% activity represents 216, 361,244.446, and 881 pkat/mg protein for 
peaks I, II, 111, IV and V, respectively using the standard emyme assay. 
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Fig. 4. Formula of an antbraquinone ring system showing 
structural similarity of positions C-l and C-2 to those of C-S and 

C-7 in a flsvonoid ring. 

either of the enzymes resulted in 50 % loss of activity after 
two weeks. The partially purified GTs were stored in 
25 mM histidine/HCl buffer pH 7.0 containing 10% 
glycerol and 10 mM DTE at - 20” and were fairly stable 
for two months. 

Eflect of diwlent cations and SH-group reagents 

The effect of divalent cations and SH-group inhibitors 
on the ~u~sylation reaction was studied (Table 3). The 
fact that EDTA did not inhibit the enzyme activity seems 
to indicate that the glucosylation of AQa haa no require- 
ment for divalent cations. However, low concentrations of 
Co’+. Cu2+ and Zn2+ inhibited the glucosylation re- 
action by SO-75%. Furthermore, GT activity was in- 
hibited by various SH-group reagents, but the addition of 
DTE resulted in 100 % recovery from inhibition (Table 3). 

other properties 

The five GTs had an apparent M, of 50000 and an 
apparent K, value for their respective AQ substrates of 
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Table 3. Effect of divalcnt cations and SH-group reagents on 
C. succirubra glucosyltransferase activity l 

Additions 

Concen- 
tration 

(mM) 

Relative 
activity 

(%) 

None - 100 
Mg’ + 1 110 
Mg’+ 10 105 
Mn’+ 1 105 
Mn’ + 10 55 
Cal+ 1 110 
co2+ 1 40 
cl?+ 1 50 
zn’+ 1 23 
EDTA 1 130 
EDTA 10 125 
DTE 10 163 
lodoacetamidc 1 40 
lodoaatatc 1 70 
N-Ethylmaleimidc 1 8 
Phenyl mercuriacetatc 1 20 
Phenyl mercuriacetate + DTE 1.10 116 
p-Chloromercuribente 1 53 
pChloromercuribenz.oate + DTE 1.10 131 

l 100 y0 activity represents 216 pkat/mg of peak I assayed using 
emodin as substrate. 

10 PM. The properties of these enzymes appear to be 
similar to those of other reported phenol GTs with respect 
to pH optimum, M,, requirements for SH-groups and 
inhibition by divalent cations [22,23]. 

It is interesting to note that the activity of peaks III, IV 
and V following chromatofocusing was recovered only 
when 1 ml fractions were collected into 0.25 ml of existing 
0.2 M Tris-HCl buffer pH 8.0. This is probably due to the 
fact that these enzymes have low p1 values and are 
therefore not stable at that pH. 

These results demonstrate the presence, in Cinchona cell 
cultures, of several enzymes that catalyse the glucosy- 
lation of hydroxy-AQs. These enzymes expressed pre- 
ference for different compounds indicating specificity 
towards their phenolic substrates. The fact that the best 
substrates for these GTs were emodin, anthrapurpurin, 
quinizarin, 1,8dihydroxy_AQ and 2&dihydroxy-AQ is 
consistent with the accumulation of their glucosides in C. 
succirubra cell suspension cultures [20]. 

EXPERIMENTAL 

Culture conditions. Cinchonu succirubra cells were grown in the 
control medium as was described in [ZO]. Culture growth was 
determined by measuring cell fresh and dry wt. protein content, 
as well as monitoring the pH and conductivity of the medium 

POI. 
Estimation of AQ content. This was calculated from the 

absorbance values of cell extracts at 435 nm, using an extinction 
coefficient of 5500 [ZO]. 

BuJim. The following buffers were used: A, 0.2 M Tris-HCl 
pH 7.6 containing 14 mM 2-ME, 5 mM EDTA and 10 mM 
diethylammonium diethyldithioaubamate; B, 25 mM Tris-HCl 
pH 7.2 containing 14 mM 2-ME and 10 % glycerol; C, Polybull’er 
(74): water (I : 10. v/v) pH 4.0 containing 14 mM 2-ME and 10% 

glycerol. Buffers B and C were passed through a 0.22 pm 
Millipore filter and degassed before use. 

Protein extraction. Unless otherwise stated, all procedures 
were carried out at 4”. Filtered cells (ca 10 g) were frozen in liquid 
N,. mixed with Polydar AT (1:5, w/w) and ground to a fine 
powder. The latter was homogenized with buffer A (1:4, w/v) and 
the homogenate was tilt& through nylon mesh. The filtrate was 
ccntrifugcd at 12 000 g for 10 min. The supernatant was stirred 
with Dowex 1 x 2 (20%. w/v) which had previously been 
equilibrated with the same buffer, then filtered through glass 
wool. The filtrate was fractionated with solid (NH.),SO,, and the 
protein fraction that precipitated between 35 and 80% salt 
saturation was collected by centrifugation. 

Enzyme purjfication. The GT activity was purified using the 
Pharmacia Fast Protein Chromatography (FPLC) system. The 
protein pellet was suspended in the minimal amount of buiTer B 
and chromatographed on a Superose 12 HR 10/30column, which 
had previously been equilibrated with the same buffer. The 
column was developed with buffer B at a Bow rate of 0.5 ml/min 
(2.5 MPa) and 1 ml fractions were collected and assayed for GT 
activity using emodin as substrate. The active fmctions were 
pooled and subjected to chromatofocusing on a Mono 
P HR 5/20 column which had previously been quilibrated with 
buffer B. Elution of the bound proteins was performed with 40 ml 
of buffer C, at a Bow rate of 1.0 ml/min (2.0 MPa), which 
generated a linear gradient of pH 74. Fractions (1 ml) were 
colltied into 0.25 ml of 0.2 M Tris bulk pH 8.0, containing 
14 mM 2-ME, and fractions were assayed for GT activity using 
emodin as substrate. 

GT assay. The assay mixture consisted of 10 CM of the AQ 
substrate (in 10~1 of 50% DMSO), 3 pM of [U-“C]UDP 
glucose (0.05 pCi), 25 mM Tris-HCl buffer pH 7.5 and 14 mM 2- 
ME in a total volume of 100 pl. The reaction was started by the 
addition of protein, and the mixture was incubated for 30 min at 
30”. The reaction was stopped by the addition of 10 pl of 6N HCl, 
and the products were extracted with 250 pl of EtOAc. An aliquot 
of the orgnnic phase was transferred to a scintillation vial and 
counted for radioactivity in a toluene-based scintillation fluid. 

M, &termination. An estimate of the M, of the partially 
purified enzyme preparation was obtained by determining its 
elution vol. on gel tiltration using M, standards. 

Determination of pl. The p1 values of the enzymes were 
determined from their elution patterns following chromato- 
focusing on a Mono P column HR 5/20 [24]. 

Protein determination. Protein was determined according to 
the method of Bradford [25] using the Bio-Rad protein reagent 
and bovine serum albumin as standard. 

Acknowledgements-Financial support by the Natural Sciences 
and Engineering Research Council of Canada and the 
Department of Higher Education, Government of Quebec, is 
gratefully acknowledged. H.E.K. is the recipient ofa Government 
of Quebec postgraduate scholarship. 

1. 

2. 
3. 

4. 

5. 

REFERENCES 

Thomson, R. H. (1971) l7te Naturally Occurring Q&ones, 
2nd edn. Academic Press, London. 
Leistner, E. (1975) Planta Med. Suppl. 33,214. 
Zonk, M. H.. El-Shagi, H. and Schulte, U. (1975) Planta Med. 

Suppl. 33, 79. 
Zcnk, M. H., Schulte, U. and El-Shagi, H. (1984) 
Narurwissenscha~~en 71, 266. 
Inoue, K., Nayeshiro, Y.. Inoue, H. and Zonk. M. H. (1981) 
Phytochemistry 20. 1693. 



Anthr~u~o~s~~ ghxosyltransferases 2535 

6. Inoue, K., Shiobara, Y., Nayeshiro, Y., Inoue, H., Wilson, G. 
and Zenk, M. H. (1984) PhytochemJstry 23,307. 

7. Bauch. H-J. and Leistner. E. (1978) PJmto Med. 33, 105. 
8. Wilson. G. and Marron, P. (1978) J. .Exp. Botany 29, 837. 
9. Suzuki, H.. Matsumoto, T. and Obi, Y. (1982) Proc. 5th Intf. 

Congr. PIunt lissueandCeff Cu~ture(Fujiw~A.,~.)p. 285. 
10. Suzuki. H.. Matsumoto,T.and Mikami, Y. (1984) Agric. Biol. 

c!tenI. 48‘ 603. 
t 1. Suzuki, H.. Matsumolo,T. and Mikami, Y. (1985)Agric. B&l. 

c&m. 49,519. 
12. Winjsma. R.. Verpoorte, R., Mulder-Kreiger, Th. and 

Barheim Svendsen, A. (1984) P~yt~~try 23.2307. 
13. Winjsma, R., Go, J. T. K, A., Wecrden, 1. N. van, Harkes, P. A. 

A.. Verpoorte, R. and Barheim Svendsen. A. (1985) Plant CeJl 

Reports 4, 241. 
14. Mulder-Krieger. Th.. Verpoorte. R., Water, A. de, Gessel, M. 

van and Ckveren, B. C. J. A. van (1982) PJanta Med. 46.19, 

15. Mulder-Krieger, Th., Verpoorte, R., Kreek, M. van der and 
Barheim Svendsen, A. (1984) Plontu Med. 50. 17. 

16. Harkes. P. A.. Krijboider, L., Libbenga. K. R., Winjsma, R.. 

N~n~~~~, T. and Verpoorte, R. (1985) PIant ?%s. 
&gaa Cult. 4. 144. 

17. Verpoorte, R., Winjsma, R.. Muldtr-Krieger, Th., Harkts, P. 
A. and Barhtim Svendsen, A. (1985) Primary und Secoadary 
hietabolJsm of Plonr Cell Cultures (Neumann. K. et aJ. eds) 

p. 196. Springer, Berlin. 
18. Bently, R. and Meganathan, R. (1982) Mlcrobiol. Reu. 46,241. 

19. Heidi- L. and Leistner, E. (1983) Pbytcrchentistry 22,659. 
20. Khouri, H. E., ibrahim, R. K. and Rideau, M. (1986). PJmt 

Cell Reports 5,423. 

21. Berg van den, A. J. 1. and R. P. Labadie (1978) Pfdntu Med. 
33, 105. 

22. Hi%el, W. (1981) Ihe 3~~~t?y o~Pkants vol. 7 (Corm, E. 
E., ed.) p. 725. Academic Press, New York. 

23. lbrahim, R. K., Khouri, H. E., Brisson, L., Latchinian. L.. 
Barron, D. and Varin, L. (1986) Bull. &iai.wn Groupe 

Polyp~~l 13, 3. 
24. Lampron, G. P. and Tyteil, A. A. (1965) Anal. Biockm. 11, 

374. 
25. Bradford, M. M. (1976) Anof. B&&em. 72,248. 


