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The enzyme-catalyzed hydration2 of D-galactal and the enzyme-catalyzed hydrol- 
ysis of fl-D-galactopyranosides are similar as far as the products are concerned. In the case 
of hydration of D-galactal, a covalent, 2deoxy-D-Zyxo-hexosy1(“2deoxy-D-galactosyl”)- 

enzyme intermediate could be isolated’ . As shown by kinetic studies3 and initial-burst 
experiments4, hydrolysis of oNPGal *** also proceeds through a (not necessarily covalent) 
D-galactosyl-enzyme that seems to be present in appreciable proportion. These simil- 

arities led us to assume the same type of intermediate in both reactions, and to try affinity 

labelling by denaturation using oNPGal, which is one of the best-investigated substrates’ 
for p-D-galactosidase. Affinity labelling by quenching had previously been conducted 
with sucrose phosphorylase from Pseudomonas saccharophila”“, levansucrase (EC 2.4.1 .lO) 
from Bacillus subtili?, and O-D-glucosidase (EC 3.2.1.21) from Aspergillus wentii’. 

D- [6-%I] Galactose was prepared from I,2 :3,4di-U-isopropylidene-cu-D-gaZacto- 
hexodialdo-I ,5-pyranoser’ (37 pmol) by reduction with NaBsHe (9.26 nmol, 54 Ci/mmol) 
in absolute ethanol (1 mL), and subsequent hydrolysis” . After dilution with D-galactose, 
oNP [6-%l] Gal was synthesized according to the method described for the unlabelled 
product . l2 Incubation o f p- -g D alactosidase from Escherichia coli with oNP[~-~H] Gal at 
0’ under conditions of initial substrate-saturation was interrupted, immediately after 
mixing the components, by denaturation with guanidium chloride. The denaturated 
enzyme could be separated from material of low molecular weight by precipitation, and 
repeated washing with water. 

The product so obtained was submitted to SDS-disc electrophoresis. Radioactiv- 
ity was associated only with the protein (see Fig. l), proving the covalent attachment of 
the ligand. Labelling of the enzyme above background could be achieved only so long 
as oNP[6-‘H] Gal was not yet completely hydrolyzed (see Fig. 2). Although hydrolysis 
of the substrate at the concentrations of enzyme used is extremely rapid, even at O’, 
time-dependent incorporation of radioactivity could be measured, and this allowed extra- 

*Several errors in a preceding paper’ were due to publication of uncorrected proofs. 
**To whom reprint requests may be addressed. 
***Abbreviations used: oNPGal, o-nitrophenyl p-Dgalactopyranoside; EDTA, (ethylenedinitrilok 
tetraacetic acid;and SDS, sodium dodecyl sulfate. 
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Pig. I. Distribution of x~d~~a~ti~ty after SDS-poly(acryla~de) gel el~ctrophorosis of @-Dgalactosi- 
daselabehed withoNP{@Hj Gal. [A so’fution (10 FL) of ~-D~alactosida~ (8 mg/mL) in 50mM sodium 
potassium phosphate buffer, pH 6.8, containing 1mM M&la, was mixed at 0” with a solution (10 pL) 
of oNP[ 6-3H] Gal (196 mCi/minol; 1.58 mg/mL) in the same buffer. After an incubation time of <1 s, 
hydrolysis of oNPi$I] Gal was quenched by addition of a solution (200 rL) of 8M guanidine hydro- 
chloride and 1OmM EDTA in 0.l.M sodium phosphate buffer, pH 7.0. The protein was precipitated by 
dilution with ice-cold water (I mL), and cent~fuged. The supernat~t liquor was discarded, and the 
protein was washed with ice-cold water (3 X 1 mL); no more radioactivity could be removed by fur- 
ther washing. The discontinuous, SDS-poly(acrylamide) gel electrophoresis? was performed in tubes 
(6 mm i. d. X 170 mm) according to O’Farrell l3 . The total acrylamide concentration of the gels was 
7.5%, at a ratio of a~ry~mide:b~s(acrylamide) of 97.3: 2.7. The length ofthe separation gels was 
110 mm. Samples were applied after heating for 1 min at 9.Se. The temperature during ele~trophore~s 
was maintained at IO” ; the current was kept constant at 1 mA/gel tube. After electrophoresis, one gel 
was cut into 2-mm-broad slices, in which the radioactivity was determined. A second gel was fixed with 
12.5% trichloroacetic acid, and stained with Coomassie Brilliant Blue R 250.1 
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Fig. 3. Paper chromatography of products of papain digestion. [Labelled p-D-galactosidase was pre- 
pared as described in thelegend to Fig. 1. A solution of papain (0.5 mg/mL) in O.lM sodium citrate 
buffer, pH 6, containing 1mM EDTA and 1 mM 1,4dithioerythritol, was added, to give a protein 
concentration of 5 mg/mL. The suspension was shaken for 24 h at 30”) and the solution applied to a 
sheet of Whatman No. 1 paper, which was then dried. C~omatogmphy was performed in 1: 1: 1 
(v/v) py~d~e-button-water, adjusted to pH 5.8 with acetic acid. A strip (1 cm wide) of the chro- 
matogram was cut into pieces (I cm*), and the attached radioactivity was measured by liquid scintiMa- 
tion counting. The radioactive products I and III (see Fig. 3a) so localized were eluted from the rest 
of the chromatogram, and the eluates freeze-dried. The samples were d&solved in 5OmM sodium 
potassium phosphate buffer, pH 6.5, containing 1mM MgCI, . Other parts of the samples were ad- 
justed to pH 10, or treated with ~-D~~acto~da~ (I U), and kept for I hat 30”. These, as well as 
~tr~ted samples, were re~hromato~aph~~ and analyzed as already described. Fig. 3b, untreated 
sampIe III; treatment at pH IO did not change the pattern (ch~mato~am not shown). Fig. 3c, un- 
treated sample I; treatment with ~D~~acto~d~ did not change the pattern (chromato~am not 
shown). Fig. 3d, sample HI after treatment with &Dgalactosidase. Fig. 3e, sample I after treatment 
at pH lo.] 

Fig. 2. Kinetics of mod~cation of p-D-galactosidase by oNP[~-~] Gal. [Key: e--*,14 samples (10 ML 
each) of a solution of ~-~~~acto~d~ (11.1 mg/mL) were ~cubated with oNP[&%I] Gal as de- 
scribed in the legend to Fig. 1, except that denaturation of the enzyme was performed after incuba- 
tion times of <1 s up to 100 s. The radioactivity bound to the protein was determined by liquid 
scintitiation counting. x-x, Hydrolysis of oNP[~-~H] Gal was measured spectrophotometrieahy at 
405 run after addition of saturated disodium hy~ogenphosphate solution (100 FL) to the super- 
natant hquor. HydroIysis is expressed as per cent of the tlnal value.] 
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polation to zero time, when -45% of the subunits of the enzyme had been modified. 
In contrast to the covalent modification of P-D-galactosidase by D- [6-3H] galactal, the 
onset of labelling is much too fast for detection by any means available to us. 

The remaining background radioactivity, corresponding to -10% rnodj~catio~ 
of subunits, was also found when the enzyme was incubated with D-[G3H] galactose or 
D-[U-r4C] ghrcose, or if the enzyme was denatured before incubation with oNP[G3HJ - 
Gal. We assume that this is caused by nonspeci~c adsorption of radioactive material to 
the protein. The labelled protein was degraded for 24 h by papain without further treat- 
ment. Three radioactive components were separated by paper chromatography. One of 
these showed the same mobility as D-galactose (see Fig. 3a). The other radioactive com- 
ponents were not stable, and lost D-[6-3H] galactose, as shown by rechromatography 
(see Fig. 3b, 3~). This process could be markedly accelerated by treatment with alkali for 
the slowest-moving (see Fig. 3e), or by treatment with P-D-galactosidase for the fastest- 
moving, component (see Fig. 3d). Both showed no increased labjljty against ff-D-gala~tosi- 
dase from green coffee-beans. 

These results suggest the modification of @-D-galactosidase by oNP[G%j Gal 
at two different amino acid side-chains, which could occur when an inte~e~ately 
formed, enzyme-bound, D-galactosyl cation reacts, during denaturation, with at least two, 
nearby, competing groups of the enzyme. A less likely explanation would be a partial 
trans-D-ga~a~tosylat~on of a covalently attached, D-galactosyl unit during denat~ratio~ 
of the native, ~-gala~tosyl-enzyme intermediate. 
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