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Assignment of the Structural Gene for Human fi Glucuronidase
to Chromosome 7 and Tetrameric Association of

Subunits in the Enzyme Molecule

CHING J. CHERN' AND CARLO M. CROCE

INTRODUCTION

Mammalian /8 glucuronidase (E.C.3.2.1.31) is known to catalyze both the hydrol-
ysis of /8-D-glucosiduronic acid and transfer reactions [1]. The genetics and struc-
ture of its multiple forms in human tissues and cultured cells are not understood.
Purification of human liver /8 glucuronidase has been reported [2]. Deficiency in
,8 glucuronidase activity has been found in cultured skin fibroblasts derived from
patients with one of the mucopolysaccharidoses [3, 4].
We have previously studied a series of hybrid clones derived from the fusion of

mouse peritoneal macrophages (MPM) and SV40-transformed human cells (LN-
SV) [5] which selectively retained the human chromosome 7 containing the genome
of SV-40. The present paper examines a series of mouse-human hybrid clones, in-
cluding the MPM X LN-SV hybrid clones, for the expression of human /8
glucuronidase activity.

MATERIALS AND METHODS

Twenty-seven independent somatic cell hybrids were obtained from fusions of cells of
different human and mouse origins. Ten clones were derived from fusing mouse (C57BL
and BALB/c) peritoneal macrophages (MPM) with SV40-transformed human fibroblasts
deficient in hypoxanthine phosphoribosyltransferase (HPRT) from a patient with the
Lesch-Nyhan syndrome (LN-SV) [5]. Five clones were obtained from fusing BALB/c
mouse fibroblasts with HPRT deficient SV40-transformed human fibroblasts (WI8Va2)
from the buccal mucosa of a normal male [6]. Seven clones were derived from fusing
mouse cells (Cl-lD) deficient in thymidine kinase (TK) with LN-SV cells [7]. Four
clones were obtained from fusing human fibroblasts having a balanced 10/17 transloca-
tion (46,XY,t[10:17]) with TK-deficient mouse cells (IT-22) [8]. One clone was de-
rived from fusing human white blood cells carrying a translocation of the long arm of
chromosome 15 to chromosome 17 [9] with TK-deficient mouse cells (IT-22).
The procedures for cell hybridization and selection in medium containing hypoxanthine-

aminopterin-thymidine (HAT) have been described [10]. Human and mouse chromosomes
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were identified in at least 20 metaphases from each clone by trypsin-Giemsa banding [11].
Hybrid cells were grown to confluency and harvested by trypsinization. The cells were

lyophilized to dryness. Dry cell pellets (2 mg) from each done were suspended in 0.1 ml
of 0.05 M tris-citrate buffer, pH 7.5 and sonicated to release their cell contents. Cell
debris was removed by centrifuging at 800 g for 15 min. The supernatant was concen-
trated to dryness by lyophilization. The sample of each clone then was taken into solution
with 15 Al of 0.05 M tris-citrate buffer, pH 7.5. The solution (approximately 0.4 pl)
was applied to cellogel (cellulose acetate membrane, 15 cm X 17 cm X 0.5 mm, Cheme-
tron, Milano, Italy) with the aid of a multiple sample applicator (Shandon Southern
Instrument, Inc., Sewickley, Pa.) to perform electrophoretical analysis for 3 glucuronidase.

Cellulose acetate electrophoresis was performed in 0.05 M tris-citrate buffer, pH 7.5,
at 300 V and 40C for 2 hr. The cellogel was then stained for 1 glucuronidase activity by
overlaying both surfaces of the cellulose acetate membrane with filter papers saturated
with a solution of 4-methylumbelliferyl-P-D-glucuronide (0.2 mg per ml of 0.5 M citrate
buffer, pH 4.5). After incubating the cellogel at 370C for at least 1.5 hr, 1 glucuronidase
activity was visualized as fluorescence of 4-methylumbelliferone released by the enzyme.
Heteropolymer bands between human and mouse enzyme bands were detected by different
incubation periods.

RESULTS

Separation of human and mouse /8 glucuronidase by cellulose acetate electro-
phoresis is shown in figure 1. Three heteropolymeric bands and two parental bands
of human and mouse enzymes were detected in hybrid clones (figs. 1 and 2),

(+)

ORIGIN --

hi ii '''' -

--w-12 A...:.*_gt.1 a_
.' .

sj;--__. \_, _ :-\M j I _ ..
11l -l

|
He

1 2 3 4 5 6 7

FIG. 1.-Zymograms of 18 glucuronidase on cellogel (cellulose acetate). Mouse parent cells
(lanes 6 and 7); human parental cells (lane 5). Hybrid clones with no expression of human
,8 glucuronidase (lanes 3 and 4); hybrid clones with human and mouse /8 glucuronidase expres-
sion (lanes 1 and 2). The detailed experimental procedures for electrophoresis and activity
staining are described in the text. The picture was taken after incubating the gel at 370C
overnight.
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FiG. 2.-Karyotype of a hybrid cell expressing human 18 glucuronidase (see fig. 1). Chromo-
some 7 is the only human chromosome present in this hybrid clone.

suggesting that 18 glucuronidase is a tetrameric enzyme and the subunits of human
and mouse /8 glucuronidase are different. Heteropolymer bands were detectable
after 1.5 and 3 hr at 370C in a hybrid clone containing five copies of human
chromosome 7 per cell (fig. 3). The longer incubation periods required to detect
,8 glucuronidase activity in clones with weak human /8 glucuronidase activity re-
sulted in streaking of bands. Fluorescence origin was probably due to /3 glucuroni-
dase associated with particles that persisted after centrifugation. The supernatants
of sonicated samples centrifuged at 14,500 g (instead of 800 g) that were subjected
to cellogel electrophoresis demonstrated markedly reduced activities at the origins.

Concordant segregation of the expression of human /8 glucuronidase activity and
the presence of human chromosome 7 was observed in 27 independent human-mouse
hybrid clones derived from fusions of different human and mouse cells (table 1).
Five hybrid clones that contained only human chromosome 7 (fig. 2) displayed
human /8 glucuronidase activity. These results imply that the presence of human
chromosome 7 alone is required for the expression of human /8 glucuronidase
activity. Therefore, the structural gene for /8 glucuronidase can be assigned to
human chromosome 7. An effect of gene dosage on /8 glucuronidase activity was
observed in hybrid clones with more than one copy of human chromosome 7 per
cell (fig. 3) based upon densitometric intensities of activity bands in zymograms.

DISCUSSION

Genetic and physiologic information for mammalian /8 glucuronidase has been
obtained by studying the enzymes of murine species [12]. /8 glucuronidase has
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FIG. 3.-Development of f8 glucuronidase activity in a hybrid clone with positive expression
of human and mouse 8 glucuronidase on cellogel at 370C for 1.5 and 3 hr.

been purified from rat liver [13, 14], rat preputial gland [15], beef liver [16, 17],
mouse liver [18], and mouse kidney [19]. The rodent lysosomal enzyme has a
molecular weight of approximately 280,000 with four identical or closely similar
subunits. Isoenzymes of mouse f8 glucuronidase and the interconversion among
them upon electrophoresis have been reported [18, 20]. The microsomal form
of 8 glucuronidase can be converted to the lysosomal form by acid, heat, or urea
treatments [20]. A single structural locus on mouse chromosome 5 has been de-
scribed; it codes for mouse f8 glucuronidase in both lysosomes and microsomes
[21, 22].
Only limited information about properties of human 83 glucuronidase is available.

The subunits of human and mouse ,8 glucuronidase randomly associate and generate

TABLE 1

CONCORDANT SEGREGATION OF HUMAN ,8 GLUCURONIDASE EXPRESSION
WITH THE PRESENCE OF CHROMOSOME 7

HUMAN CHROMOSOME 7

Human 18 glucuronidase:
± ................ 15 0
- .................................... 0 12

Nom.-Twenty-seven independently derived human-mouse hybrid clones were studied.

353



CHERN AND CROCE

three heteropolymer bands in hybrid clones which suggests that the enzyme has
four subunits.
Although the intracellular location of /8 glucuronidase in human fibroblasts was

not investigated in our study, the enzymes migrating away from the origins most
likely predominated by lysosomal forms of /8 glucuronidase, in accordance with
the conditions of enzyme extraction and electrophoresis described in this paper and
the study of subcellular enzyme distribution [23].
Very recently, a "genetic element" for human /8 glucuronidase has been assigned

to chromosome 9 [24]. In our study, five hybrid clones containing human chromo-
some 9 in more than 552% of their cells (but without chromosome 7) were included
and found to have no activity of human /8 glucuronidase. Our data indicate that
human chromosome 7 alone is responsible for the expression of human /8 glucuroni-
dase. Recently Lalley et al. [25] and Grzeschik [26] have reported the assignment
of the human gene for /8 glucuronidase to human chromosome 7 by analyzing
hybrids that were derived from fusing human cultured fibroblasts or leukocytes
with mouse or Chinese hamster cells. Four hybrid clones from this laboratory were
included in this study (P. A. Lalley, personal communication, 1975).
The gene for SV40 tumor(T)-antigen and the SV40 genome has been assigned

to human chromosome 7 in the LN-SV human cell line [27, 28]. The presence of
this chromosome in hybrids with normal mouse cells results in the expression of
the tumorigenic phenotype [29]. Since the gene for /3 glucuronidase is located on
human chromosome 7, this enzyme may serve as a very useful linkage marker for
studying the genetic control of the transformed phenotype in somatic cell hybrids.

SUMMARY

The structural locus for human /8 glucuronidase is assigned to chromosome 7, a
localization based upon concordant segregation of the expression of the human
enzyme and the presence of human chromosome 7 in somatic cell hybrid clones
derived independently from fusions of different human and mouse cells. Hybrid
clones containing only human chromosome 7 are included in this study. Electro-
phoresis of /3 glucuronidase also has revealed that human /8 glucuronidase has a
tetrameric structure.
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