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SUMMARY 

Two f ract ions of ~-glucuronidase have been separated from an extract  of 
human spleen by sa l t  e lut ion from DEAE. The two f ract ions correspond to two 
bands on gel acrylamide electrophoresis at pH 4.3. The 0.02 M NaCl eluate 
gives an immunodiffusion reaction of i den t i t y  with ~-glucuronidase pur i f ied 
from l i v e r ,  and is taken up poorly by de f ic ien t  human f ib rob las ts .  The 
0.1M eluate f a i l s  to cross react with the antibody to the l i v e r  enzyme, and 
is taken up avid ly by de f i c ien t  f ib rob las ts .  

INTRODUCTION 

Several lysosomal hydrolases have been shown to be taken up by f i b ro -  

blasts in t issue cul ture (1-6). Brot et al .  examined ~-glucuronidases from 

d i f f e ren t  t issues and found a marked di f ference in the e f f i c iency  of the i r  

uptake by de f i c ien t  f ib rob las ts  in v i t r o  (7). We have separated a high and a 

low uptake form of ~-glucuronidase from human spleen and have made some pre- 

l iminary observations on the two enzymes. 

MATERIALS AND METHODS 

Enzyme was prepared from the spleen of a 54-year-old male with athero- 

sc le ro t ic  heart disease obtained at autopsy. The spleen showed no gross or 

microscopic abnormalit ies other than acute congestion. The spleen was homoge- 

nized in 2 volumes of 0.5% sodium desoxycholate, and the homogenate dialyzed 

against 5 mM Tris buf fer ,  pH 8.0. The 100,000 g supernatant const i tuted the 

crude extract .  The two major f ract ions of enzyme a c t i v i t y  were separated by 

sequential e lu t ion of the enzyme from DEAE with 0.02 M NaCI and 0. i  M NaCI in 

5 mM Tris buf fer ,  pH 8.0 (Fig. 1). The f rac t ion eluted with 0.1M NaCI was 

rechromatographed on DEAE in a l inear  gradient 0 to 0.1M NaCl in Tr is buffer.  

Gel electrophoresis was carried out at pH 4.3 according to Reisfeld 
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Fig. 1. DEAE chromatography of spleen extract .  Spleen was homogenized in 
0.5% desoxycholate and applied to DEAE in 5 mM Tris buf fer ,  pH 8.0. Two 
steps of NaCI concentration were used to elute the column. - . . . . .  Protein 
concentration measured as opt ical  density at 280 n m ; :  : enzyme a c t i v i t y  
measured as opt ical  density at 420 nm with p-nitrophenyl B-D-glucuronide as 
substrate. 

et al .  (8), with the exception that no stacking gel was used. Ammonium 

persul fate was removed by electrophoresis before electrophoresing the enzyme 

extract .  Samples were standardly electrophoresed for  3 hours at 6 ma/gel at 

room temperature. Enzyme was visual ized using Naphthol AS-BI-B-D-glucuronide 

as substrate and post-coupling with Fast Garnet GBC (9). 

B-Glucuronidase-deficient cel l  cul ture procedures and assay of uptake 

of enzyme were carr ied out as previously described (6). 

During enzyme pur i f i ca t ion ,  a c t i v i t y  was assayed with p-nitrophenyi 6-D- 

glucuronide. 4-Methylumbell i feryl  glucuronide was used as substrate for  

assay of uptake in the t issue cul ture experiments. Protein was determined 

by the method of Lowry et al .  ( I0) .  

RESULTS 

Human l i ve r  ~-glucuronidase pur i f ied essent ia l ly  by the method of Musa 

et al .  (11) gave a single band of enzyme a c t i v i t y  on gel acrylamide e lec t ro-  

phoresis at pH 4.3. Antibody raised in rabbits gave a single p rec ip i t i n  l ine 

by gel d i f fus ion ,  even though a small second band of protein lacking enzyme 
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Fig. 2. Acrylamide gel electrophoresis of 0.5% desoxycholate extracts at 
pH 4,3. Gels were stained for ~-glucuronidase ac t i v i t y  with Naphthol AS-BI- 
B-D-glucuronide and Fast Garnet GBC. A - p late lets ;  B - spleen; C - l i ve r .  

Fig. 3. Acrylamide gel electrophoresis (pH 4.3) of B-glucuronidase fract ions 
from human spleen. Gels were stained for ~-glucuronidase ac t i v i t y .  A - Tr is 
buffer dialyzed spleen extract ;  B - 0.02 M NaCI DEAE eluate; C - 0.1M NaCI 
DEAE eluate. 

ac t i v i t y  was present by gel electrophoresis in the most highly puri f ied 

enzyme preparation. Staining of the gel di f fusion pattern showed that the 

prec ip i t in  band contained active enzyme. Desoxycholate (0.5%) extracts of 

l i ve r ,  spleen and platelets each yielded two bands on gel electrophoresis 

(Fig. 2). The fast band from spleen, which corresponded in migration to the 

enzyme prepared from l i ve r ,  was obtained by elut ion from DEAE with 0.02 M 

NaCI; the slow band was eluted with 0. i M NaCl (Fig. 3). 

The antibody prepared against highly puri f ied l i ve r  ~-glucuronidase 

gave an immunodiffusion pattern of ident i ty  with the spleen 0.02 M eluate 

but no prec ip i t in  l ine with the 0.1M eluate. Estimates of molecular weight 

by gel electrophoresis according to the method of Hedrick and Smith (12) 

showed no difference between the ~-glucuronidase ac t i v i t y  in the 0.02 M 

eluate and that in the 0.1M eluate. 

The 0.02 M and 0 . i  M eluates of spleen B-glucuronidase were concentrated 

to approximately equal ac t i v i t y  per m i l l i l i t e r  by u l t r a f i l t r a t i o n ,  s te r i l i zed  

by Mi l l ipore f i l t r a t i o n  and added to cultures of B-glucuronidase-deficient 
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Fig. 4. Uptake of B-glucuronidase by de f ic ien t  f ib rob las ts .  The enzyme was 
added to the t issue cul ture medium, and ce l ls  cultured for 24 hours (6). 
Enzyme a c t i v i t y  was measured with 4-methylumbell i feryl B-D-glucuronide. 
Total cel l  protein was measured by the method of Lowry et al .  ( i0 ) .  0 
Mean values of f ibroblast-associated enzyme a c t i v i t y  ± SE from 3 separate 
experiments using the 0.1M NaCl eluted component of spleen B-glucuronidase. 
A . . . .  A Mean of two values of enzyme a c t i v i t y  using B-glucuronidase from 
l i v e r  (6). • . . . .  e Mean value of enzyme a c t i v i t y  from 3 separate experiments 
using 0.02 M NaCI eluted component of spleen B-glucuronidase. One uni t  of 
enzyme a c t i v i t y  equals I mole of substrate hydrolyzed per hour. (Units used 
previously (6) are incorrect  and must be mul t ip l ied by 2.5 x 10-3.) The 
ra t io  of uptake of the two forms of spleen B-glucuronidase at an i n i t i a l  
concentration of 1.25 x 103 units/ml in the media was 220:1. 

f ib rob las ts .  The B-glucuronidase in the 0.1M eluate was taken up avid ly.  

The 0.02 M eluate was taken up far  less e f f i c i e n t l y  (Fig. 4). Mixing the 

two f ract ions in equal parts had no inh ib i to ry  e f fec t  on the uptake of the 

0. I  M f rac t ion .  Uptake of the B-glucuronidase eluated at 0. I  M appeared to 

approach saturat ion at the highest concentration tested (Fig. 4). 

DISCUSSION 

The behavior of the B-glucuronidase eluted from DEAE at 0.1M (B- 

glucuronidase - 0. I  M) corresponds in e f f i c iency  of uptake to the high uptake 

enzyme derived from human p la te le ts  by Brat et a l . ,  while the a c t i v i t y  eluted 

at 0.02 M (S-glucuronidase - 0.02 M) resembles the l i v e r  enzyme we have 

previously described. 
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B-Glucuronidase isoenzymes have been extensively studied in several 

animal species: mouse (13), rabbit (14), rat (15, 16) and cow (17); iso- 

enzymes of human B-glucuronidase have been described for l i ve r  (18), urine 

(19) and placenta (20). In the mouse the evidence of Paigen and his co- 

workers (13) strongly indicates a basic commonality of the mult iple forms of 

B-glucuronidase, and the mult iple forms of B-glucuronidase in rabbit  l i ve r  

exhibi t  immunologic ident i ty  (14). The fa i lu re  of antibody to human l i ve r  

B-glucuronidase to cross-react with B-glucuronidase - 0 . i  M and the immuno- 

logic studies of Higashino et al. (18) in which only 61% of spleen B- 

glucuronidase was precipi table with antibody to the major l i ve r  enzyme point 

to a d i f ferent  relat ionship between the two human ~-glucuronidase forms. 

Gel electrophoresis demonstrates that there is a larger proportion of 

the slow band of B-glucuronidase in p late lets ,  corresponding to ~-glucuroni- 

dase - 0.1 M, than in spleen; and spleen in turn contains a larger proportion 

of the slow band than crude extracts of l i ve r .  The substantial content of 

the slow electrophoretic mobi l i ty  isoenzyme in platelets together with the 

observation of Brot et al.  that p late let  enzyme is a high uptake form sup- 

ports the ident i f i ca t ion  of the slow band as the high uptake form. 

The property of the B-glucuronidase with the slower electrophoretic 

mobi l i ty that accounts for i t s  high uptake is not known. Large differences 

in uptake of glycoprotein by hepatic parenchymal cel ls  have been related to 

the specif ic sugar moieties at the non-reducing terminus of the carbohydrate 

chains (21)~ and Hickman et al.  have been able to markedly depress uptake of 

N-acetyl-B-D-hexosaminidase by periodation of the enzyme (22). I t  seems 

unl ikely,  but possible, that the antigenic difference between the high and 

low uptake forms of spleen B-glucuronidase is solely at t r ibutable to a d i f -  

ference in carbohydrate components. I t  is c lear ly necessary to obtain 

pur i f ied preparations of both forms in order to adequately define the 

difference between the two forms and thus to ident i fy  the basis for  the high 

uptake property. Brot et al.  (7) have already pointed out the potential 

importance of the high uptake form for therapeutic t r i a l s .  
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