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ABSTRACT 

A P-D-galactosidase from bovine liver was purified to apparent homogeneity. 

The major purification step was affinity chromatography on a column of D-galac- 

tose attached to a Sepharose support activated with divinyl sulfone. Affinity media 

prepared by binding ligands to Sepharose activated with cyanogen bromide were 

unsuitable for purification of the enzyme, even though such media have been used 

to purify P-D-galactosidases from other sources. The molecular weight of the dena- 

tured enzyme was 67,000. The molecular weight of the native enzyme at pH 7.0 

was 68,000, and at pH 4.5 or 5.0, was 141,000. These data suggest that the enzyme 

has a single, fundamental subunit with a molecular weight of 67,000, and that the en- 

zyme exists as a monomer at pH 7.0, and a dimer at pH 4.5 or 5.0. The V,,,,, values 

of the enzyme with p-nitrophenyl P-D-galactoside, p-nitrophenyl /3-D-fucoside, lac- 

tose, and p-Gal-( 1-4)~/?-GlcNAc-1 + 0C6H4N02-p were 10,204, 11,550, 9,479, 

and 8,859 nmol/min/mg of protein, respectively, and the K,,, values for these sub- 

strates were 0.08, 14.9, 14.2, and 1.6mM, respectively. D-Galactose, fi-D-galaC- 
tosylamine, p-aminophenyl l-thio-P-D-galactoside, and D-galactono-1,4-lactone 

were competitive inhibitors of the enzyme, with K, values of 0.9, 0.6, 0.6, and 

O.BmM, respectively. The enzyme catalyzed the transfer of the D-galaCtOsy1 group 

from p-nitrophenyl fi-D-galactoside to D-glUCOSe. The pH optimum of the enzyme 
was 4.5, and the p1 was 4.7. 

INTRODUCTION 

Partially purified, enzyme preparations from bovine liver have been re- 

ported’,2 to contain at least two distinct P-D-galactosidases (P-D-galactoside galac- 

tohydrolase, EC 3.2.1.23). One catalyzed the hydrolysis of P-galactose from the ar- 
tificial substrate, o-nitrophenyl P-D-galactoside, but was inactive with the natural 
substrates lactose and asialo-q-acid glycoprotein. The other was reported to 

catalyze the hydrolysis of D-galactose from these natural substrates, but not from 

the artificial D-galactoside. The latter observation suggested that bovine liver may 

contain a novel @-D-galactosidase having a strict substrate-specificity for D-galaC- 
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tose linked to another sugar. In an effort to demonstrate such a unique p-D-galac- 

tosidase rigorously, a program for the purification to homogeneity of p-D-galac- 

tosidases from bovine liver was initiated. The present report is concerned with our 

experience in the purification of a P-D-galactosidase, from bovine liver, that is cap- 

able of hydrolyzing lactose. The purification of the enzyme could not be achieved 

by affinity chromatography with ligands attached to Sepharose supports activated 

with cyanogen bromide, even though this method has been widely used3-11 to 

purify P-D-galactosidases from other sources. Instead, an affinity technique, with 

D-galactose, as the ligand bound to a Sepharose support activated with divinyl sul- 

fone, was successfully employed. 

EXPERIMENTAL 

Materials. - P-Gal-(l-*4)-P-GlcNAc-1 + 0C6H4N02-p was prepared as 

described’*. All other nitrophenyl glycosides, as well as lactose, N-acetyl- 

neuraminyl-lactose (Grade I), P-D-galactosylamine, D-galactono-1,4-lactone, p- 
aminophenyl 1-thio-P-D-galactoside, D-galactose, D-glucose, p-D-galactose dehyd- 

rogenase from Pseudomonas jluorescens, N-acetyl-p-D-glucosaminidase from Jack 

bean, D-glucose oxidase (type VII) from Aspergillus niger, peroxidase (type II) 

from horseradish, o-dianisidine dihydrochloride, bovine serum albumin, and NAD 

(Grade III) from yeast, were obtained from Sigma. Sephadex G-200, Sepharose 

4B, and Sepharose 6B were purchased from Pharmacia. Azocoll, fetuin, and di- 

vinyl sulfone were obtained from Calbiochem, Grand Island Biological Company, 

and Polysciences Inc., respectively. Ultrafiltration membranes (PM 10) and ap- 

paratus were from Amicon. Bovine liver was purchased from a local 

slaughterhouse. All other chemicals were of the highest grades commercially avail- 

able. 

Enzyme assays. - Several assays were used to determine /I-D-galactosidase 

activity. All reaction mixtures had a final volume of 200 ,wL, and contained 50 pL 

of phosphatexitrate buffer13, pH 4.5, and 0.7-7.0 units of P-D-galactosidase. 

Assay 1 had 0.5 pmol of o- or p-nitrophenyl /?-D-galactoside as the substrate. 

Assay 2 contained 0.06 unit of N-acetyl-P-D-glucosaminidase as the reagent, 

and 0.5 pmol of P-Gal-(1+4)-P-GlcNAc-1 -+ 0C6H4N02-p as the substrate14. 

Reaction mixtures for assays 1 and 2 were incubated for various lengths of time at 

37”. The reactions were terminated by chilling in an ice bath and adding 0.2M 

Na2C03 (800 pL). Hydrolysis of substrates was determined by measurement of the 
absorbance of free nitrophenol at 400 nm. 

Assay 3 contained 50 pmol of lactose as the substrate. After incubation for 

various lengths of time at 37”, the mixtures were chilled in ice, H20 (200 pL) and 

0.4~ potassium phosphate, pH 6.9 (300 pL) were added, and the mixtures were 
heated for 5 min at 98” and then placed in an ice bath. If turbidity developed, it was 

removed by centrifugation at 1,200g for 10 min at 4”. Hydrolysis of lactose was 
measured by determination, by a modification of the D-glucose oxidase-peroxidase 



BOVINELIVER p-D-GALACT~SIDASE 111 

method15, of the amount of D-glucose released. To each heat-treated mixture were 

added, in lOO-AL aliquots, 1.65 units of peroxidase, 12.5 units of D-glucose 

oxidase, and 100 pg of o-dianisidine dihydrochloride. Peroxidase and D-glucose 

oxidase solutions were made up in 0.4M potassium phosphate, pH 6.9. Mixtures 

were incubated for 15 min at 37”, and 4M HCl (100 pL) was added. D-Glucose was 

measured by the A, value, and by comparing the absorbance of reaction mixtures 

to a calibration curve of D-glucose standards. 

Assay 4 was employed in order to measure the cleavage of D-galaCtOSe from 

the substrates. The reaction mixtures were incubated for various lengths of time at 

37”, and the reactions were terminated by chilling in an ice bath. Liberation of D- 

galactose was measured by the D-galactose-dehydrogenase method, using 0.1 unit 

of D-galactose dehydrogenase and 0.7 ,umol of NAD per reaction mixturer6. 

Other glycosidases, except neuraminidase, were measured by assay 1 with 

appropriate p-nitrophenyl glycosides (0.5 pmol) as the substrates. Neuraminidase 

was determined either with ~-acetylneuraminyl-lactose (0.5 Et,mol) or fetuin (0.5 

pmol of sialic acid groups) as the substrate. Cleavage of sialic acid was measured 

by the thiobarbituric acid method “. Protease, with Azocoll as the substrate, was 

assayed according to the directions of the supplier of the substrate. 

Controls lacking either the substrate or the enzyme were routinely employed 

for all assays. All assays were conducted under conditions that were linear with re- 

spect to time and to concentration of protein. A unit of /3-D-galactosidase is 1 nmol 

of p-Gal-(l-+4)-/?-GlcNAc-1 + OC,H4N02-p hydrolyzed per min. The units of 

reagent enzymes employed in assays 2-4 were defined by the supplier. 

preparation of a~~~t~ media. - ~-D-Galactosylamine was directly coupled 

to Sepharose 4B activated with cyanogen bromidej8. The content of ligand was 5.8 

pmol/mL of gel, This ligand was also attached to succinylaminoethyl-Sepharose 

4B, as described for coupling of p-L-fucosylamine to this support”. The content of 

ligand was 1.2 PmolfmL of gel. 1,8-Octanediamine-Sepharose 4B was prepared, 

and coupled to D-ga~aCtOnO-l,4-lactone4~‘8. The content of ligand was 0.4 PmollmL 

of gel. p-Aminophenyl 1actosideSepharose 4B (1.7 ~mollml of gel) was prepared 
by the general method of Bloch and Burger2’. All of the foregoing methods use 

cyanogen bromide to activate Sepharose. 

D-Galactose was attached to Sepharose 6B activated with a divinyl sulfone 

spacer-arm as described2’ for the coupling of D-mannOSe to this support. p- 

Aminophenyl 1-thio+D-galactoside was similarly coupled, except that the concen- 

tration of reactant ligand was LomM, and the coupling buffer was 0.5~ NaHC03, 

pH 8.3. Contents of Iigand were 9.6 pmol of D-galactos~mL of gel, and 5.3 prnol 

of p-aminophenyl l-thio-~-D-galactoside~mL of gel. Cyanogen bromide is not used 
in the preparation of affinity media with divinyl sulfone. 

For each affinity gel, a control gel was prepared in an identical manner, ex- 

cept for omission of the ligand. Ligand contents of gels were determined according 

2o to Bloch and Burger for ~-aminopheny1 glycosides, and according to ~hipowsky 
et al. 22 for the other ligands. 
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TABLE I 

Step Total Total 
protein activity 

(mg) (unit?) 

Specific Purifi- 
activity cation 
(unitlmg of (-fold) 
protein) 

Yield 
(%) 

1 Crude homogenate 90,300 63,000 0.7 1.0 100 
2 Extraction at pH 4 8 33,984 31,860 0.9 1.3 50.6 
3 Fractionation with (NH&S04 8050 8183 1.0 1.4 13.0 
4 Affinity chromatography 7.80 3120 400 571 5.0 
5 Gel filtration chromatography 

Peak A_ 0.28 1400 5000 7142 2.2 
Peak B 3.51 1296 369 527 2.1 

“One unit of P-D-galactosidase is one nmol of P-Gal-( l&4)-P-GlcNAc-1 -+ 0C6H4N02-p hydrolyzed/ 
min at a substrate concentration of 2SmM. This is less than a saturating amount of substrate (K, 1.6mM). 

Fraction number 
Fig. 1. Affinity chromatography of P-D-galactosidase from bovine liver. [Enzyme from step 3 was 
loaded onto a D-galactose-Sepharose 6B column. The column was washed with O.O5M citrate, pH 5, 
containing 0.1~ NaCl, and then treated, as indicated, with this buffer containing either O.2M lactose or 
7~ urea (see Experimental section). w, enzyme activity with p-nitrophenyl /3-D-galactoside; 
M, enzyme activity with lactose; and A-A, Azm. 

Purification of /3-D-galactosidase. -This is summarized in Table 1. All oper- 

ations were conducted at 4”. Fresh bovine liver (1.5 kg) in Hz0 (3.0 L) was 

homogenized with a blender, extracted at pH 4.8, and fractionated with 
(NH&SO, as described 2,23 The (NH&SO, fraction was dialyzed versus three . 
changes of 0.05~ citrate, pH 5, containing 0.1~ NaCl. The dialyzate was cen- 

trifuged at 13,000g for 50 min, and the supernatant liquor collected, and applied to 
a column (2.7 x 54 cm) of D-galactose-Sepharose 6B which was pre-equilibrated 
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with 0.05~ citrate, pH 5, containing 0.1~ NaCl (see Fig. 1). The flow rate of the 

column was 35 mL/h, 22-mL fractions were collected, and alternate fractions were 

measured for p-D-galactosidase activity by assay methods 1 and 3, and for protein 

(A2&. The column was washed with binding buffer until AZSO and the p-D-gafaC- 

tosidase activity (with p-nitrophenyl P-D-galactoside as the substrate) returned to 

the baseline. No p-D-galactosidase activity with lactose as the substrate was de- 

tected in these fractions. The column was washed with binding buffer containing 

0.2M lactose, which co-eiuted the P-D-galactosidase activity with either p- 

nitrophenyl P-D-galactoside or lactose as the substrate. Subsequently, the column 

was regenerated for future use by washing with binding buffer containing 7M urea. 

Large amounts of Azso material and a small amount of p-D-galactosidase 

were eluted in these fractions. Fractions 100-115 were pooled, concentrated by ul- 
trafiltration, and applied to a column (5 x 91 cm) of Sephadex G-200 which was 
pre-equilibrated with 0.05~ citrate, pH 5. The flow rate of the column was 18 mLi 
h, 22-mL fractions were collected, and alternate fractions were measured for P-D- 

galactosidase activity by assay methods 1 and 3, and for protein (A~) (see Fig. 2). 
Two peaks of ~-D-galactosidase activity were eluted from the column. Fractions 
eluted between 720 and 860 mL (peak A) and between 940 and 1,250 mL (peak B) 
were separately pooled, concentrated by ultrafiltration, and stored at 4”. After 
each purification step, the enzyme activity was monitored, using p-Gal-(1+4)-p- 
GlcNAc-1 + 0C6H,N02-p as the substrate, and protein was determined by the 
method of Bradford, using Bio-Rad reagent24. p-Gal-( l-+4)-P-GlcNAc-1 -+ 

0 
0 200 400 600 800 RXKJ 1200 1400 1600 1600 

100 300 500 700 900 HO0 1300 I500 1700 

Elution volume (mL) 
Fig. 2. Gel-filtration chromatography of B-D-galactoidase (step 4) on Sephadex G-200. [cr---O, en- 
zyme activity ~th~-ni~ophenyi P-o-galactoside; W, enzyme activity with lactose; and A-A, 
A2so.l 
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0C6H4N02-p was employed for determinations of specific activity, because crude 

preparations of enzyme (steps 1 and 2) contained material that interfered with the 

estimation of free P-glucose derived from the hydrolysis of lactose. 

Ekctrnphoresis and isoelectric focusing. - Poly(acrylamide) gel elec- 

trophoresis under denaturing or non-denaturing conditions, and analytical, isoelec- 

tric focusing, were conducted as described’9,25,26. 

sedimentation velocity ultra~entr~~gatio~. - Ultracentrifugation was con- 

ducted with 5-20% linear, density gradients of sucrose (5 mL). Separate gradients 

of pH 4.5,.5.0, or 7.0 were made up in the phosphate-citrate buffer system of McIl- 

vaine13. Samples were layered onto gradients, and the gradients were centrifuged 

at 40,000 r.p.m. rn a Beckman SW 50 rotor for 19 h at 4”. Gradient fractions (0.25 

mL each) were collected after puncturing the bottoms of the centrifuge tubes, and 

fractions were assayed for enzyme activity by assay 1. Sedimentation coefficients 
were estimated according to Fritschz7, and molecular weights according to Martin 

and Ames2*. 
Kinetic and pH studies. - Km and V,,, were graphically dete~ined by the 

method of Lineweaver and Burkz9, and Ki according to Cleland3. Transglycosyla- 

tion (i.e., the transfer of D-galactosyl group from p-nitrophenyl /3-D-galactoside to 

D-glucose, catalyzed by p-D-galactosidase) was demonstrated by paper chromatog- 

raphy3’. The pH optimum of ~-D-galactosidase was determined in a phosphate- 

citrate buffer-sysr.em13. 

RESULTS 

P~ri~cat~~~. - A ~-D-galactosidase activity from bovine liver was purified 

571-fold by affinity chromatography on a D-galactose-Sepharose 6B column acti- 

vated with divinyl sulfone (see Table I and Fig. 1). This enzyme used lactose, o- 

and p-nitrophenyl B-D-galactoside, and fl-Gal-(144)~@GlcNAc-1 -+ 0C6H4N02- 

p as substrates. ‘The affinity ligand, namely, D-galactose, was a competitive in- 

hibitor of the enzyme (Ki 0.9mM) and the eluant lactose was a substrate. This 

suggested that both the binding and elution of the cnzymc were biospecific. 

Fractions 8-65 of the chromatographic profile contained a /3-D-galactosidase 

activity that did not bind to the column. This enzyme used p-nitrophenyl&D-gaiac- 

toside as substrate. However, neither lactose nor ~-Gal-(1~4)-~-GlcNAc-1 -+ 

0C6H,NG2-p was a substrate, and D-galactose (125mM) did not inhibit this activ- 

ity. This enzyme corresponded to the major p-D-galactosidase activity described in 

bovine liver’*2,31~32, and was distinct from the enzyme eluted with lactose. In crude 

homogenates, ~-D-galactosidase activity with p-Gal-( 1-4)~P-GlcNAc-1 + 

OC&bNO,-p as the substrate was 0.5% of that with p-nitrophenyl P-D-galac- 
toside. Thus, the affinity column had extraordinary resolving-power. 

In contrast to the affinity support prepared with divinyl sulfone, affinity 

media containing ligands attached to Sepharose activated with cyanogen bromide 
were not useful for purification of the /3-D-galactosidase, using lactose as the sub- 
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strate. Ligands used were P-D-galactosylamine, p-aminophenyl l-thio$-D-galac- 

toside, D-galactono-1,4-lactone, and p-aminophenyl /3-lactoside. The last com- 

pound was a substrate for the enzyme, but the other compounds were competitive 

inhibitors thereof, with Ki of values of 0.6, 0.6, and 0.8mM, respectively. The ca- 

pacity for binding enzyme by these matrices was -20% of that of the D-galactose- 

Sepharose 6B matrix prepared with divinyl sulfone. Moreover, P-D-galactosidase 

could not be eluted with lactose from matrices prepared with cyanogen bromide, 

but was eluted, together with large amounts of other proteins, by 7M urea. Control 

experiments with columns of Sepharose 4B activated with cyanogen bromide, but 

not containing any ligand, behaved identically to the ligand-Sepharose 4B columns 

prepared with cyanogen bromide. Unreacted Sepharose 4B and Sepharose 6B, as 

well as Sepharose 6B activated with divinyl sulfone but not containing ligand, did 

not bind any /?-D-galactosidase. Thus, the treatment of Sepharose with cyanogen 

bromide is apparently responsible for the “anomalous” chromatographic behavior. 

An affinity matrix containing p-aminophenyl 1-thio-/3-D-galactoside coupled 

to Sepharose 6B via divinyl sulfone also specifically bound P-D-galactosidase activ- 

ity, using lactose as the substrate. However, D-galactose was employed as the 

ligand for large-scale purification of the enzyme, because it was more economical. 

Gel-filtration chromatography of P-D-galactosidase from step 4 resolved two 

peaks, A and B, of enzyme activity (see Fig. 2). The ratio of enzyme activity for the 

cleavage of p-nitrophenyl P-D-galactoside and lactose by fractions containing peak- 

A enzyme was constant, suggesting that a single enzyme catalyzed the hydrolysis of 
each substrate; the same was true for peak-B enzyme. The specific activity of en- 

zyme purified through step 5, peak A, increased 12.5fold over step 4, but the 

specific activity of step 5, peak B, was about the same as for step 4. Other proper- 

ties of peak A and B enzymes will be considered separately. 

Purity of peak A enzyme. - P-D-Galactosidase (peak A) migrated as a single 

species in poly(acrylamide)-gel electrophoresis under either nondenaturing or de- 

naturing conditions (see Fig. 3). Enzyme activity measurements (assay 1) of repli- 

cate gels conducted under nondenaturing conditions coincided with the single 

species detected by staining. The enzyme preparation was devoid of several con- 

taminating hydrolase activities possible. These included (Y- and /3-D-glucosidase, a- 

and /I-D-mannosidase, (Y- and /3+fucosidase, a-D-galactosidase, N-acetyl-P-D- 

glucosaminidase, N-acetyl (Y- and P-D-galactosaminidase, /3-D-glucosiduronase, 
and P-D-xylosidase, assayed with appropriate p-nitrophenyl glycosides; 

neuraminidase assayed with either N-acetylneuraminyl-lactose or fetuin; and pro- 

tease assayed with Azocoll. However, the enzyme preparation had /?-D-fucosidase 

activity. At concentrations of 2.5mM, p-nitrophenyl P-D-fucoside and p- 

nitrophenyl P-D-galactoside were hydrolyzed at rates of 1.200 and 10.000 mmoV 

min/mg of protein, respectively. Enzyme activity that hydrolyzed p-nitrophenyl p- 
D-fucoside co-migrated with activity that hydrolyzed p-nitrophenyl jI-D-galactoside 

in poly(acrylamide)-gel electrophoresis conducted under nondenaturing condi- 

tions. This strongly suggests that both substrates are hydrolyzed by the same en- 
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Fig. 3. Poly(acrylamide)-gel electrophoresis of ~-D-galactosidase (step 5, peak A). [Left, 50 units of en- 
zyme were electrophoresed under non-denaturing conditions at pH 7.5. Right, 50 units of enzyme were 
electrophoresed under denaturing conditions in the presence of sodium dodecyl sulfate.] 

zyme. p-D-Galactosidases from porcine spleen and human, feline, and mouse liver 

have been reported to hydrolyze p-nitrop~enyl ,f3-D-fucoside8,3”-35. 

Specificity offhe glycon. - The glycon specificity of P-D-galactosidase (peak 

A) was restricted to /3-D-galacto- and p-D-fUCO-SylOXy among the p-nitrophenyl 

glycosides tested. The V,,, of the enzyme with p-nitrophenyl @D-galactoside and 

~-nitrophenyl S-D-fucoside were similar, 10.204 and 11.550 mmol/min/mg of pro- 

tein, respectively. However, the K, value for p-nitrophenyl j3-D-galactoside 

(0.08mM) was 1086th of that for p-nitrophenyl /3-D-fucoside (14.9mM). This differ- 

ence in K,,, value explains the a-fold difference in the rate of hydrolysis of these 

substrates at concentrations of 2.5mM. Furthermore, the data imply that p- 

njtrophenyl /3-D-galactoside has a greater binding affinity for the enzyme than has 
p-nitrophenyl P-D-fucoside, and that the glycon of these substrates participates in 
their binding to the enzyme. Specifically, the 6-hydroxyl group of D-galactose must 

promote binding to the enzyme, because the presence or absence of this group is 

the sole structurat difference between D-galactose and D-fucose. 

The VI,,,, of the enzyme with lactose and /3-Gal-(1+4)-P-GlcNAc-1 --, 

OC,H,NOZ-p were 9.479 and 8.859 mmol/min/mg of protein, respectively, and the 

Km values were 14.2 and 1.6mM, respectively. The V,,,,, values of the enzyme with 

these substrates were similar to that withy-nitrophenyl /3-D-galactoside, but the K,,, 
values were respectively 178 and 20 times that for p-nitrophen~l /3-D-galactoside. 
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Fig. 4. Sedimentatron velocity ultracentrifugation of P-D-galactosidase (step 5, peak A) on sucrose 
density gradients. [Aliquots of enzyme (7 units) were equrlibrated at pH 4.5, pH S.0, or pH 7.0 before 
layering each onto a density gradient having the same pH. O-----9, ultracentrifugation at pH 4.5; and 
C-0, ultracentrifugation at pH 7.0. Ultracentrifugation at pH 5.0 gave the same results as at pH 4.5. 
Enzyme activity was measured with p-nitrophenyl P-D-galactoside.] 
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Fig. 5. pH optimum of 6-D-galactosidase from bovine liver. [Enzyme (0.7 unit) was assayed at various 
pH values with the following substrates: M, p-nitrophenyl /?-D-galactoside, or u, lactose.] 

These three substrates have the same glycon, D-gahCtOSylOXy, but different agly- 

cons. Thus, the kinetic data for these compounds show that the aglycon can also 

alter the binding affinity between enzyme and substrates. 
Molecular weight. - The molecular weight of P-D-galactosidase (peak A) 

measured under denaturing conditions by gel electrophoresis in the presence of 

sodium dodecyl sulfate was 67,000. The molecular weight of the native enzyme, as 

determined by sedimentation velocity ultracentrifugation at pH 7.0, was 68,000, 
and, at pH 4.5 or 5.0, 141,000 (see Fig. 4). At each pH, the enzyme sedimented as 

a single peak, with sedimentation coefficients of 5.3 s at pH 7.0 and 8.5 s at pH 4.5 

or 5.0. Collectively, these data suggest that the enzyme has a single, fundamental 
subunit having a molecular weight of 67,000, and that the enzyme exists as a 

monomer at pH 7.0, and a dimer at pH 4.5 or 5.0. 
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Studies of PI, pH, salt, protein, and transgfycosylation. - P-D-Galactosidase 

(peak A) had a pI of 4.7. The enzyme had a pH optimum of 4.5 with either lactose 

orp-nitrophenyl P-D-galactoside as the substrate (see Fig. 5). Enzyme activity with 

either substrate was stimulated 10% by 0.1~ NaCl, but was inhibited 24% by M 

NaCl; also, activity with either substrate was increased 50% by bovine serum albu- 

min (200 pg per assay). 

Enzyme activity, measured with p-nitrophenyl P-D-galactoside as the sub- 

strate in the presence of 0.25~ D-glucose, was stimulated 69% if assay 1 was used, 

but was inhibited 23% if assay 4 was employed. Thus, the amount of free p- 

nitrophenol increased, but the amount of free D-galactose decreased; this 

suggested that the enzyme catalyzed the transfer of the D-gahCtOSyl group from p- 

nitrophenyl P-D-galactoside to D-ghCOSe. Evidence for the synthesis of new glyco- 

sides by such a transglycosylation was obtained by paper chromatography3’. Trans- 

glycosylation has been demonstrated with other mammalian P-D-galac- 
tosidasess>srJ4,36 

/?-D-Galactosidase (peak B). - Rechromatography of /3-D-galactosidase 

(Step 5, peak B I on columns of D-galactose-Sepharose 6B and Sephadex-G200 

yielded the same general elution-profiles as those shown in Figs. 1 and 2. The en- 

zyme bound to the D-galactose-Sepharose 6B column was eluted with lactose, and 

this eluate was resolved into two peaks, A and B, by preparative, gel-filtration 

chromatography. The specific activity and properties of this peak A material were 

virtually identical to those already discussed for /3-galactosidase purified through 

step 5, peak A. The approximate molecular weights of peak A and B material 

eluted from the Sephadex-G200 column were estimated to be 150,000 and 70,000, 

respectively. As evidence has already been presented indicating that P-D-galac- 

tosidase has a single subunit with a molecular weight of 67,000, and that the en- 

zyme can exist as a monomer or dimer, peaks A and B are most probably 

monomeric and dimeric forms, respectively, of the same enzyme. 

DISCUSSION 

Affinity media prepared by coupling ligands to Sepharose that had been acti- 

vated with cyanogen bromide have been successfully employed for the purification 

of P-D-galactosidases from many sources 3-11. However, affinity media prepared by 

this method were found unsuitable for purification of a P-D-galactosidase from 

bovine liver. The results indicated that treatment of Sepharose with cyanogen 

bromide was responsible for a non-biospecific binding of proteins from extracts of 

bovine liver to Sepharose, and that biospecific interactions between P-D-galac- 

tosidase and ligands did not occur. In contrast to the cyanogen bromide method, 

affinity media that were prepared by coupling ligands to Sepharose with divinyl sul- 

fone biospecifically bound a /3-D-galactosidase from bovine liver. An additional 

feature of the divinyl sulfone method was that a plentiful and inexpensive ligand, 

D-galactose, could be coupled to Sepharose. This made feasible the preparation of 
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large amounts of affinity matrix for the scaled-up purification of P-D-galactosidase. 

These features of the divinyl sulfone method suggest that the D-galactose- 

Sepharose 6B matrix may be a valuable tool for purification of fi-D-galactosidases, 

and of other D-galactose-binding proteins in general. Moreover, the coupling of 

other sugars to Sepharose with divinyl sulfone may also provide useful and inex- 

pensive reagents for the purification of other carbohydrate-binding proteins. 

The molecular weight of P-D-galactosidase from bovine liver determined 

under enzyme-denaturing conditions was 67,000. This was similar to molecular 

weights previously reported for P-D-galactosidases from feline, mouse, and human 

liver, porcine spleen, and human placenta and urine8’9*1’,33,35v37. Under conditions 

of sedimentation velocity ultracentrifugation, the native enzyme from bovine liver 

apparently exists as a monomer at pH 7.0, and a dimer at pH 4.5 and 5.0. The 

molecular weights of P-D-galactosidases from mouse and human liver, porcine 

spleen, and human urine were also reported to be dependent upon the 

PH 
11,33,35,37,38 

A partially purified preparation of the enzyme from bovine liver was re- 

ported to contain a p-D-galactosidase activity that used lactose and cY,-acid glyco- 

protein as substrates, but not o-nitrophenyl P-D-galactoside’,2. This suggested that 

bovine liver might contain a novel P-D-galactosidase having a strict specificity for 

D-galactose linked to another sugar, but we found no evidence for such a P-D-galaC- 

tosidase. The enzyme we purified had a specificity for aryl monogalactosides and 

for glycosides having D-galactose linked to other sugars. In preliminary experi- 

ments, Distler and Jourdian found that bovine liver possesses a p-D-galactosidase 

activity that employs p-nitrophenyl p-D-galactoside and lactose as substrates31, but 

they reported no evidence for a p-D-galactosidase that strictly requires substrates 

having D-galactose linked to another sugar. 

Several properties of /3-D-galactosidase from bovine liver were found similar 

to properties reported for /3-D-galactosidase from bovine testes31. These are pH op- 

timum, transglycosylation activity, stimulation of activity by bovine serum albu- 

min, Km for lactose and p-nitrophenyl /I-D-galactoside, and the molecular weight of 

the native enzyme at pH 7.0. This suggests that these p-D-galactosidases may actu- 

ally be the same enzyme. 
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