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Abstract-UDP-Glucose : phenol-B-D-glucosyltransferase was isolated from Cnrica papaya fruit pulp and purified ca 
660-fold to electrophoretic homogeneity. The procedure used protamine sulphate and ammonium sulphate fraction- 
ation followed by chromatography on Phenyl-Sepharose CL4B, QAE-Sephadex A-25 and Sephacryl S-200 to 
separate glycosidases and UDP-galactose: phenol-b-D-galactosyltransferase activity. The transferases had pI of 4.6 
and 5.3. M,s of 56000 and 61000 were determined by gel filtration. The M, of phenol-fi-D-glucosyltransferase 
estimated by SDS-PAGE was 28000 suggesting that it consisted of two subunits; the optimum pH and optimum 
temperature were 7.5 and 50”, respectively, and the enzyme followed typical Michaelis kinetics with K, and V,,,,, of 
0.17 mM and 0.04 nkat for UDP-glucose, and 0.07 mM and 0.10 nkat for p-nitrophenol, respectively (40”). The energies 
of activation and inactivation were 38 and 175 kJ/mol, respectively. The activity was stimulated by the divalent cations 
Ca’+, Mg2+, and Mn’+; HgCl,, Hg(CN),, AgCl, CuSO, and UDP showed strong inhibitory effect. For UDP, 
competitive inhibition with Ki 0.2 mM was found. 

INTRODUCTION 

Several enzymes have been purified and partially charac- 
terized from Carica papaya, such as thioglucosidase [ 11, 
/I-galactosidase and a-mannosidase [2] from seeds as well 
as /I-fructofuranosidase [3], catalase [4], polygalacturon- 
ase [S], acid phosphatase [6], pectinesterase [7] and fi- 
glucosidase [8, P] from fruit pulp. Information about 
UDP-sugar transferases [lo] from papaya is still lacking. 
This paper concerns the purification and partial charac- 
terization of UDP-glucose:phenol+D-glucosyl trans- 
ferase from papaya fruit pulp. 

RESULTS AND DISCUSSION 

Among the phenol-specific UDP-sugar transferases 
present in C. papaya UDP-glucose : phenol-/?-r>- 
glucosyltransferase (1) showed the highest activity in 
crude extracts of the fruit pulp. UDP-galactose:phenol- 
fl-D-galactosyi transferase (2) exhibited ca 40% of the 
activity determined for (1). Phenol-specific UDP-glucur- 
onosyltransferase was not detectable. 

As the enzyme assay selected was influenced by gly- 
cosidase activities (cf. Experimental), their inhibition in 
papaya fruit pulp [8, P] had to be established. This could 
be achieved using Tris-maleate buffer (pH 7.5) [P, 1 l] for 
enzyme extraction and purification. Due to loss of trans- 
ferase activity using ammonium sulphate fractionation, 
pretreatment of the crude extract with protamine sulph- 
ate was carried out. After addition of neutralized pro- 
tamin sulphate solution to a final concentration of 0.2% 

1 to the rude extract (A) and centrifugation, an extract (B) 
was obtained exhibiting higher activity of transferases 
than the untreated extract A (Table 1). Similar effects after 
pretreatment of crude extracts have been observed for a 

number of UDP-sugar transferases from plants [12-181. 
Using protamine sulphate pretreatment, 90% of the 
activity of 1 was recovered in the subsequent ammonium 
sulphate cut (Table 1). 

When the redissolved (750 mM ammonium sulphate in 
Tris-HCl, pH 7) preparation was applied to Phenyl- 
Sepharose CL4B column (Fig. l), both the transferase 
activities (1 and 2) were eluted with 10 mM Tris-HCI (pH 
8.0) buffer. The pooled fractions, enriched 51-fold in 
activity (1) (Table l), were concentrated by ammonium 
sulphate precipitation. After centrifugation, redissolving 
and buffering to 10 mM Tris-HCl (pH 7.5) using Bio Gel 
P-10, the transferase active protein was applied to a 
QAE-Sephadex A-25 column. The elution profiles of the 
transferases 1 and 2 are shown in Fig. 2. While 2 was 
completely washed out with the unbound protein, 1 was 
eluted using a sodium chloride gradient. Subsequent gel 
filtration of the ultrafiltered transferase (1) fractions ob- 
tained by ion exchange chromatography led to 660-fold 
enrichment with a recovery of 31% (Table 1). Electro- 
phoretic homogeneity of the purified enzyme (1) was 
demonstrated by ultrathin-layer isoelectric focusing 
(UIEF); p1 4.6 was determined. For transferase 2, UIEF 
of Phenyl-Sepharose CL4B fraction showed p1 5.3. 

Mg of 56000 and 61000 were recorded after gel 
filtration on Sephacryl S-200 for the transferases 1 and 2, 
respectively. Similar M,s have been established pre- 
viously for various UDP-glucosyltransferases from differ- 
ent plant origin [lP-223. The M, of 1 estimated by 
sodium dodecylsulphate-polyacrylamide gel electrophor- 
esis (SDS-PAGE) was 28 000 suggesting that 1 consisted 
of two subunits. 

The purified transferase 1 showed half maximal activity 
at pH 5.3 and 10.4 and its pH optimum (7.5) was similar 
to that of some other plant UDP-glucosyltransferases 
[lP-221. The observed increased stability of purified 1 
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Table 1. Purification of UDP-glucose: phenol-fi-o-glucosyltransferase from papaya fruit 

Total Total Spec. act. 
Vol. act. protein (nlcat/mg Purification Recovery* 

Purification step (ml) (nkat) (mg) protein) factor* (%) 

Crude extract A 780 16 3140 0.005 1 100 
Crude extract B 850 34 3 020 0.011 2.2 212 
(NH&SO, prec. 22 30 335 0.090 18.0 188 
Phenyl-Sepharose CL4B 120 25 98 0.255 51.0 156 
(NH.&% prec 3 22 88 0.250 50.0 138 
Bio Gel P 10 30 21 82. 0.256 51.2 131 
QAE-Sephadex A 25 93 9 6 1.50 300 56 
Ultrafiltration 2 6 5.5 1.09 218 38 
Sephacryl S-200 27 5 1.5 3.33 666 31 

*Calculated with respect to the crude extract A. 
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Fig. l? Hydrophobic chromatography of phenol-specific UDP- 
sugar tansferases from papaya fruit pulp on Phenyl-Sepharose 
CG4d A, 750 mM ammonium sulphate in 200 mM Tris-HCI 
(pH fi B, 200 mh4 ammonium sulphate in 100 mM Tris-HCl 
(pH 7;5k C, 10 mM Tris-HCl (pH 8.0). (-) A,,, ,,,,,; (0) UDP- 
glucose : phenol-fl-n-glucosyltransfera~, (A) UDP-galact- 

ose:phenol-p-Dgalactosyltransferase. 

Fig. 2. Chromatographic separation of UDP-glucose:phenol- 
j?-n-glucosyltransferase (0) and UDP-galactose: phenol-@ 
galactosyltransferase (A) from papaya fruit pulp on QAE- 
Sephadex A-25. A, 10 mM Tris-HCI (pH 7.5); B, linear gradient 

from 0 to 0.5 M NaCl in quilibration buffer. (-) A,,, llm. 

under basic conditions (half-life 5 days at pH 8) also 
corresponded to previously published data. 

For 1 a .temperature optimum of SO” was determined; 
with a 2 value of 10.6”, high temperature stability was 
found. Graphical evaluation of the Arrhenius plot led to 
38 and 175 kJ/mol for energies of activation and inactiv- 
ation of 1, respectively. 

The values of apparent K, and V,, for UDP-glucose 
and p-nitrophenol were 0.17 mM and 0.04 nkat, and 0.07 
mM and 0.10 nkat, respectively (40”). Similar data have 
been found for various plant UDP-glucosyltransferases 
[K&15,19,21,23,24]. In addition to p-nitrophenol, using 
purified 1, other substrates were checked qualitatively. 
HRGC-MS analysis of per-O-methylated derivatives re- 
vealed the formation of fl-D-glucosides of phenol, benxyl 
alcohol, 2-phenylethanol and 4-hydroxyphenyleth&ol, 
whereas o- and m-nitrophenol, 2,4-dinitrophenol as well 
as monoterpene alcohols, such as linalool, nerol and 
geraniol, were not accepted as substrates. Using L&DP- 
galactose and UDP-glucuronic acid instead of UDP- 
glucose, no reaction with p-nitrophenol was observed. 
This high specificity of 1 towards the glycosyl donor 
corresponded to previously published observations [20, 
25-27-J. 

The influence of a variety of effecters was studied under 
standard enxyme assay conditions. Using Mn2+, Mg2+ 
and Ca2+ in concentrations from lo-’ to 10m2 M, 
activation of 1 was observed. Activating effects caused, in 
particular, by Ca2+ and Mg2 + have been described 
previously for UDP-glucosyltransferases from plant ori- 
gin [14, 23, 26, 28-301. Inhibition of 1 was observed by 
addition of HgCl,, Hg(CN),, AgCl, CuSO, and UDP (cf. 
[14, 16, 20, 23, 303 ). For UDP, competitive inhibition 
with Ki 0.2 mM.was found. 

Due to analytical difficulties (i.e. limited availability of 
formed j?-D-glucosides; lack of appropriate enxymic test) 
kinetic data for the above mentioned, additionally 
checked substrates could not be determined. Thus, all 
physical constants obtained in this work are limited to the 
artificial phenolic substrate. Furthermore, the question 
whether in 4hydroxyphenylethanol the glucosyl residue 
was transferred to the phenolic or the aliphatic hydioxyls 
or both cannot be answered. 
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EXPERIMENTAL 

Fruits. Fresh papaya fruits (Solo variety) were obtained by air- 
freight from Brazil. Ripe fruits (green-yellow colour; pink, soft 
pulp) were used. 

Enzyme assays. The activity of transferases (1, 2) was deter- 
mined by measuring the colourless pnitrophenol glycoside 
(PNP-Gly) formed at pH 7.5 from yellow pnitrophenol (PNP) 
and UDP-activated sugar (UDP-Glc; UDP-Gal). Assays con- 
taining 10-100 fi enzyme preparation and 0.1 ml 0.4 mM PNP 
and 1 mM UDP-activated sugar in 50 mM Tris-HCL buffer @H 
7.5) were incubated at 40”. After an appropriate time (5-20 min) 
the reaction was stopped by the addition of 1 ml 200 mM borate 
buffer (pH 9.8). Blank tests, in which the addition of enzyme was 
carried out after making alkaline, were performed accordingly. 
The reactions were linear for at least 20 min and were directly 
proportional to the amount of enzyme present. The A,os was 
measured and the amount of PNP-Gly formed was determined 
indirectly by difference measurements, considering the amount 
of PNP in blank tests and enzyme assays (E = 18.5 M/mN/cm). 

Enzyme extraction and purification. All steps were carried out 
at O-5”. Papaya fruits were peeled and cut into two pieces; the 
seeds were carefully separated. The initial extraction was carried 
out by placing 500 g fruits and 500 ml 50 mM Tris-maleate 
buffer @H 7.5) in a blender and homogenizing for 30 sec. The 
extract was centrifuged at 18000 g for 30 min and the super- 
natant decanted (crude extract A). After addition of neutralii 
protamine sulphate soln to a final concn of 0.2% and cen- 
trifugation (18 000 g, 30 min), crude extract B was obtained. Solid 
(NH&SO, was added to 2.8 M and the material precipitated 
was collected by centrifugation (18000 g, 90 min). The 
(NH&SO, pellet was suspended in 200 mM Tris-HCl buffer 
(PH 7) containing 750 mM (NH&SO.,. Insoluble material was 
removed by centrifugation and discarded. 

The supematant was loaded onto a Phenyl-Sepharose CL-4B 
column, 2.5 x 20 cm, equilibrated with 200 mM Tris-HCl buffer 
(pH 7) containing 750 mM (NH,),SO; The gel was treated with 
equilibration buffer until unbound protein was completely 
washed out. Subsequent washing was carried out using five 
cohun vol. 200 mM (NH&SO, in 100 mM Tris-HCI buffer (pH 
7.5). Elution of transferases 1 and 2 was performed using five 
column vol. 10 mM Tris-HCl buffer (pH 8). 

The transferase (1, 2) active fractions from the Phenyl-Se- 
pharose CL-4B column were pooled, and solid (NH&SO, 
added. The material pptd at 2.8 M was collected by cen- 
trifugation (18000 g, 30 min). The (NH&SO, pellet was sus- 
pended in 50 mM Tris-HCI buffer (PH 7). After buffering the 
enzyme soln at 10 mM Tris-HC1 (pH 7.5) using gel filtration on 
Bio Gel P-10 (2.5 x 20 cm), the eluate was applied to a QAE- 
Sephadex A-25 column equilibrated with 10 mM Tris-HC1 (pH 
7.5). Using equilibration buffer, unbound protein containing the 
complete activity of 2 was washed out. Elution of 1 was achieved 
employing a linear gradient of six vol. of &0.5 M NaCl in the 
equilibration buffer. 

The transferase 1 active fractions of ion exchange chromato- 
graphy were pooled and ultrafiltered to 2 ml using an Amicon 
cell (Kalle TU-AN-4045.380 membrane). The ultrafiltrate was 
applied to a Sephacryl S-200 column, 2.5 x 60 cm, equilibrated 
with 50 mM Tris-HC1 buffer (pH 7.5). Gel filtration was 
performed using the same buffer. 

M, determinations. The M, of 1 and 2 were determined 
separately by gel filtration [31] on Sephacryl S-200 as described 
above. The column was calibrated and a standard curve V/V, vs 
log M, for the calibration proteins was used to determine the M,s 
of 1 and 2. SDS-PAGE of purified 1 was carried out according to 
ref. [32]. 

Ultrathin-layer isoelectric focusing (UIEF’). UIEF in 50 arm 
PAGE gels was carried out as described in ref. [33]. For the 
visualization of enzymes after UIEF the substrates for ultrathin- 
layer agarose gels on polyester films [34] were prepared as 
follows. Agarose soln (2%) in 50 mM Tris-HCl buffer @H 7.5) 
was prepared by heating. After cooling to ca 40”, to each of 50 ml 
agarose solns, 1 ml substrate soln (2.5 mM PNP and 10 mM 
activated sugar in 50 mM Tris-HCl buffer, pH 7.5) was added. 
After UIEF, the PAGE gel was immersed in satd (NH&SO, 
soln (5 min), washed with H,O, covered with the substrate 
containing agarose gel and incubated at 40” for 10-30 min. Light 
bands exhibiting enzymic activity (PNP-Gly) were detected after 
NH, treatment. 

Substrate specifcity. The formation of aryl &P-glucosides was 
studied after per-O-methylation by HRGC and HRGC-MS as 
recently described [35]. 

Influence of effecters. The influence of a variety of effecters 
(glucose, ascorbic acid, dithiothreitol, MgCl,, MnCl,, CaCl,, 
HgCI,, Hg(CN),, AgCl, CuSO,, NaN,, ZnCl,, SDS, EDTA, 
UDP, iodoacetamide, p-chloromercuribenzoat&) was studied 
using standard enzyme assay and concn ofeffectors from 10-s to 
10-l M. If necessary, the pH was correctqd to pH 7.5. 

K, determination. Enzyme activity was determined under 
standard conditions using different PNP (0.02, 0.04, 0.08, 
0.16mM) and UDP concns (0.01, 0.05 and 0.1 mM). The 
incubation time was 20 min. The determination was performed 
graphically using Lineweaver-Burk plot. The resulting K, values 
were used for a secondary Lineweaver-Burk plot leading to 
graphical evaluation of K,. 

Protein measurements. Protein content was determined ac- 
cording to the method of ref. [36] with bovine serum albumin as 
standard. 
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