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Gaucher Disease: A Century of Delineation and Research, pages 511-534 
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CHROMOSOMAL LOCALIZATION OF THE GENE FOR GAUCHER DISEASE 

INTOODUCTION 

Evelyn A. Devine, Moyra Smith, Francisco X. 
Arredondo- Vega, Bridget Shafi t-Zagardo and 
Robert J . Desnick 

Division of Medical 
School of Medicine, 

Genetics, 
New York, 

Mount 
NY 

Sinai 
10029 

Two isozymes with a - glucosidase activity have been 
identified in normal human tissues using the artificial 
substrate, 4-methylwnbelliferyl- S-D-glucopyranoside (4MU
Glc). The acid (EC 3.2.1. 45) and neutral (EC 3.2.1.21) 
B- glucosidases (designated GBA and GBN, respectively) have 
been differentiated by their relative pH optima (Beutler 
and Kuhl, 1970; Ho, et al., 1972; Turner et al., 1977; 
Mueller and Rosenberg, 1977), subcellular localizations 
(Ho, 1972; Peters et al., 1973), substrate specificities 
(Patrick, 1965; Ho, 1972; Peters et al., 1976), sensitiv
ities to anionic detergents and acidic phospholipids 
(Peters et al., 1976), affinity for concanavalin A (Beutler 
et al., 1975; Shafit- Zagardo et al . , 1980) and most recent
ly by their differential electrophoretic migration on 
cellulose acetate gels (Shafit- Zagardo et al., 1980). The 
acid isozyme, a membrane bound activity, has been shown to 
be deficient in the various subtypes of Gaucher disease, 
lysosomal storage diseases characterized by the accumula
tion of glucosyl ceramide (Brady, 1978). To date, the 
chromosomal assignment of the structural gene for either of 
the human 8 -glucosidase isozymes has not been determined . 

We report here .the regional assignment of the struct
ural gene for human GBA using human-rodent somatic cell 
hybrids . A sensitive immunoprecipitation assay was devel
oped for the selective detection of the human enzyme in the 
presence of mouse 6 -glucosidase activity. Initial data for 
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the regional assignment of the locus on chromosome 1 was 
obtained from a hybrid clone containing a 11\\)USe-hwuan 
chromosome 1 rearrangement. Further regional localization 
of the locus for GBA near lqter was obtained using an 
informative hybrid clone carrying a human chromosome 1 
deletion. In addition to the immunoprecipitation assay, 
use of the specific natural substrate further supported the 
assignment of the structural gene for GBA to this region . 

MATERIALS AND METHODS 

Human and Mouse Parental Cells 

The parental lines used for hybridization were the 
mouse RAG cell line (Klebe et al . , 1970) and three human 
fibroblast lines (fetal lung, fetal liver and fetal kidney) 
from different sources. For regional gene mapping studies, 
a human fibroblast line (AG) was used which carried a de 
novo deletion of chromosome l, lq42 -+ lqter. A skin biopsy 
from the patient with this terminal deletion was provided 
by Dr. Carl B. Mankinin (Denton, TX). Parental cells were 
grown in RPMI 1640 medium containing 10\ fetal calf serum 
(GIBCO , Grand Island, NY) using standard tissue culture 
techniques. 

Somatic Cell Hybrids 

Parental cells were fused by centrifugation through a 
7-50\ polyethylene glycol gradient (Vaughan et al., 1976). 
Heterokaryons were cultured in the hypoxanthine/amino
pter in/thymidine selective medium (Littlefield, 1966). 
Hybrid cells were then cloned using the technique of Harn 
and Puck (1962) . After · 10-20 passages, selected primary 
hybrid clones were recloned, giving rise to secondary 
clones, and for some hybrids, tertiary clones were recloned 
from subclones. 

Solubilization of B -Glucosidase In Cell Extracts 

Early confluent cells were harvested by sequential 
exposure to 0.25\ trypsin °CGIBCO) and 0 .02\ ethylenediarnine
tetraacetic acid (EDTA) in 0. 9\ NaCl approximately 24 h 
after a change of medium (Beratis et al., 1975). Cells 



Gene Mapping I 513 

from one 75 cm2 flask were suspended in 0.3 ml of distilled 
water and freeze/thawed five c ycles in an acetone-dry ice 
bath. A 0.2 ml aliquot was mixed with 0. 7 ml of 0.05 M 
sodium phosphate-citric acid buffer, pH 6.0, and 0.1 ml of , 
0 . 6\ Triton X-100 and l\ crude sodium taurocholate (Lot No. 
6420410, Gallard and Schlesinger Chemical Mfg. Corp., Carle 
Place, N.Y.). The suspension was incubated for 15 min at 
25°C, centrifuged for 30 min at 30,000 g at 4°C, and then 
the supernatant was removed for assay. 

Artificial Substrate Assay for GBA 

8-Glucosidase activity was assayed with the fluoro
genic substrate, 4MU-Glc (RPI Corp . , Elk Grove Village, 
IL). The reaction mixture contained 5 . 0 mM 4MU- Glc , 60 ul; 
0. 2 M sodium phosphate-citric acid buffer, pH 6.0 , 30 ul; 
0.12\ Triton X-100 and l\ crude sodium taurocholate, 10 ul; 
and solubilized cell extract, 20 ul. The reaction mixture 
was· incubated for 15 min at 37°C and then was terminated 
with 4.0 ml of 0.085 M glycine-carbonate buffer, pH 10. 0 . 
The liberated 4-methylumbelliferone was quantitated in a 
Turner Model 111 fluorometer (G . K. Turner Assoc. , Palo 
Alto, CA). One unit (U) of enzymatic activity represented 
l pmole of 4MU-Glc hydrolyzed per h 'at 37°C. 

Natural Substrate Assay for GBA 

The fluorescent nat ural substrate was prepared as 
previously described (Gatt et al., 1982). The assay mix
ture contained 3.0 nmoles of 12-N-methyl-N-(7-nitrobenz-2-
oxa-l, 3-azol-4-yl)-aminododecanyl glucosyl ceramide (NBD
GC) and 27 .0 nmoles of glucosyl ceramide in 0 . 05 M sodium 
phosphate-citric acid buffer, pH 5.5, containing 0.5\ 
taurocholate and O. 25\ Triton X-100. Substrate (200 ul) 
was pipetted directly onto the cell pellets; the mixture 
was vortexed and then incubated for 1 h at 37°C. The reac
tion was terminated by the addition of 0.25 ml of distilled 
water, l.5 ml heptane and 0.45 ml isopropanol. The upper 
phase containing NBD-ceramide was removed, backwashed with 
0 . 35 ml of distilled water , and the amount of substrate 
hydrolyzed was quantitated in a Perkin Elmer fluorometer 
model 204-A (excitation 460 run, emission 515 nm) . 



514 I Devine et al 

Purification of Human GBA 

GBA was highly purified from human placenta essential
ly by the method of Shafit-Zagardo et al. (1981) . The 
fiftal enzyme preparation had a specific activity of 2. 7 X 
10 U/mg protein and was free of various lysosomal hydro
lase activities including acid a -glucosidase, B -hexosamini
dase B, and 8 - glucuronidase. 

Antiserum to Human GBA 

. BALB/C mice (Jackson Laboratories, Bar Harbor, ME) 
were immunized with four biweekly intraperitoneal injec
tions of 5 ug of purified enzyme in Freund' s complete 
adjuvant. When 2000 U of GBA activity from human fibro
blast extracts were titrated against increasing amounts of 
the antiserum, optimal precipitation of GBA was obtained 
with 2 ul of antiserum and 20 ul of rabbit anti-mouse lg . 
The precipitated enzyme-antibody complex retained catalytic 
activity and was quantitated by the standard enzymatic 
assay for 8-glucosidase as described below. The antiserum 
selectively precipitated human GBA; no a.-glucosidase activ
ity was precipitated from mouse, rat, or Chinese hamster 
fibroblasts . In addition, to determine the specificity of 
the immunoprecipitation assay for GBA, partially purified 
GBN from human liver (Shafit-Zagardo et al . , 1980) was used 
in place of fibroblast cell extracts. No GBN activity was 
detected in the immunoprecipitate . Assays of the fibro
blast enzyme- antibody complex for the presence of other 
enzymes including B- glucuronidase, 8- hexosaminidase B, 
0 -glucosidase at pH 4 .0 and 6.0, a.-galactosidase at pH 4 . 5 
and 7. O, a -L- arabinosidase, and 1) - D- xylosidase (Shafit
Zagardo et al., 1980) proved negative, thus further demon
strating the specificity of the antibody for human GBA . 

Standard l mmunoprecipitation Assay for Human GBA 

Cell extracts from parental lines of individual hybrid 
clones were assayed for 8 - glucosidase activity. 2000 U 
were added to each assay tube and the volume was brought to 
200 ul with the immunoprecipitation buffer [O . 2 M sodium 
phosphate-citric acid buffer, pH 6 . 0, containing 0 . 05\ 
Triton X-100, 10.0 mM 2- mercaptoethanol, 1.0 mM EDTA and 
1.0 mg/ml bovine serum albumin (BSA)]. Anti-GSA antibody 
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(2 ul) was added and the mixture was incubated for 30 min 
at 37°C. Rabbit anti-mouse irnrnunoglobulin was then added 
(20 ul) and the mixture incubated for l-2 h at 37°C . 
Blanks contained 2 ul of normal mouse serum instead of the 
anti- GSA antiserum. Samples were centrifuged in 1. O ml 
conical polypropylene tubes at 27, 000 g for 20 min in a 
Sorvall RC- 2B centrifuge . The supernatant was retained and 
assayed for a-glucosidase activity . The pellet was washed 
with 0.5 ml of i.mmunoprecipitation buffer and centrifuged 
as above . The pellet was assayed for 8- - glucosidase activ
ity with the following modifications: 100 ul of the artifi
cial substrate solution (see above) was added directly to 
the pellet and incubated for 1 h at 37°C. The reaction 
mixture was stopped with 1.0 ml of 0.085 M glycine- carbon
at~ buffer, pH 10.0, the mixture was transferred to a 10 X 
75 mm glass test tube and the fluorescence was determined. 
For each hybrid clone, the background fluorescence in the 
blank was subtracted and the activity in the irnrnunoprecipi-
tate was expressed as the percent of total activity re
covered in the supernatant ana pellet or e xpressed as the 
percent of activity immunoprecipitated from normal human 
fibroblasts . 

Determination of the Human Chromosomal Constitution of 
Hybrid Clones 

Marker enzymes for specific human chromosomes were 
determined by established electrophoretic methods (van 
someren et al., 1974; Harris and Hopkinson, 1976; Povey et 
al., 1976; George and Franke, 1977; Meera Khan et al., 
1978; Shimizu et al . , 1978; Sparkes et al . , 1978; Bruns et 
al., 1979) . Metaphase spreads were prepared (Smith et al., 
1975) and the chromosomes were banded by the Giemsa 11 
technique (Friend et al. , 1976) to distinguish mouse from 
human chromosomes, followed by destaining and bandipg with 
quinacr ine hydrochloride fluorescence (Breg, 19 72) . The 
human chromosomal constitution of individual hybrid clones 
was based on enz yme marker data and/or cytogenetic analysis 
in which at least 30\ of the metaphase spreads contained a 
specific chromosome. Similarly, individual hybrid clones 
were scored as positive for the normal, or the deleted 
chromosome 1, when either or both were present in at least 
30\ of the metaphase spreads. Human GBA i.mmunoprecipi ta
tion assays, markeI enzyme electrophoreses and cytogenetic 
analyses were performed on cell hybrids harvested from the 
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same passage . 

RESULTS 

Specificity of Anti- Hwnan GBA In Hybrid Clones 

Table l shows the specificity of the immunoprecipita
tion assay for hwnan GBA . Using the standard immunopreci
pitation assay, purified hwnan placental GBA activity was 
depleted from the supernantant and 35\ of the total recov
ered activity was present in the immunoprecipitate . Simil
arly, GBA activity in solubilized hwnan fibroblast extracts 
was precipitated by the antiserum; typically 33-45\ of the 
total recovered activity was precipitated. In the absence 
of the anti- GBA antibody and/or the rabbit anti-mouse Ig, 
no GBA activity was detected in the immunoprecipitate. 
Partially purified GBN f r om human liver was not immunopre
cipitated nor was any 8-glucosidase activity precipitated 
f r om mouse (RAG), rat, or Chinese hamster fibroblasts. In 
addit'"lon, · the immunoprecipitate showed no enzymatic activ
ity when assayed for the presence of othe.r glycosidases 
including a-L-arabinosidase, 8-galactosidase at pH 4. 5 and 
7 . 0, a-glucosidase at pH 4 .0 and 6 . 0, B- glucuronidase, 
8-hexosaminidase B and 8- D-xylosidase. Thus, the antiserum 
had specificity only for the human GBA isozyme. 

For detection of human GBA in hybrid clones, the 
sensitivity of the immunoprecipitation assay was determined 
in the presence of mouse 8 -gluco~idase activity . Figure 1 
shows that the anti- human GBA antibody permitted the sensi
tive and specific precipitation of human GBA in mixtures 
containing varying percentages of human and mouse fibro
blast extracts. The assay was linear over the entire range 
of 0 to 2000 U of the human enzyme and allowed detection of 
human GBA in man- mouse hybrid clones. 

For each set of immunoprecipitation assays , diploid 
human fibroblast extracts were used as controls . A mean 
value of 37 . 8\ (range 30. 6-44. 9.\, n=l2) of total recovered 
8- glucosidase activity was found in the human control 
immunoprecipitates . On the basis of gene dosage, it is 
estimated that homogeneous hybrid lines carrying a single 
human chromosome coding for GBA would have about 1/3 of the 
total recovered 8-glucosidase activity in the immunopre-
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Table 1. Specificity of the Immunoprecipitation Assay for Ruman GBA 

Anti- Rabbit ' Total B - Glucos idase 
Enzyme GBA Anti- Mouse Activity Recovered 

Source Antibody Ig Supernatant Pellet 

Purified RUlllAI\ 
Placenta GBA + + 65 35 

Human Fibroblast 
Extract + + 72 28 

" + 100 ND*** 

+ 100 

" NMS** + 100 " 

Partialry Purified 
Ruman Liver GBN* + + 100 

RAG Fibroblast 
Extract + + 100 

Rat Fibroblast 
Extract + + 100 " 

Chinese Hamster + + 100 
Fibroblast Extract 

*GBN was partially purified from human liver and used as the 5-9lucosidase 
source in this assay. 

**NHS = normal mouse serwn 

***ND = not dete ctable 
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Fig. 1. Immunoprecipi tation of human GBA in mixtures of 
parental mouse and human fibroblast extracts . The total 
amount of GBA activity (2000 U) in the assay was the same 
in all cases; however, the mixtures contained the indicated 
percentage of human fibroblast activity . See Methods for 
details . 

cipitate compared t o that immunoprecipitated from normal 
diploid human fibroblasts. Clones which are not homogene
ous for the GSA structural gene would contain fewer mole
cules of human GBA. Only clones containing a human chromo-
some l in at: least 30\ of the metaphases studied were 
considered positive for that chromosome. Therefore, the 
maximal percent immunopr~cipitated activity expected in a 
heterogeneous clone with 30\ of the metaphase spreads con
taining human chromosome l would be 30\ times the maximal 
percent inununoprecipitated activity in diploid human fibro
blasts (37. 8) times 1/3 to ad:;ust for gene dosage in the 
hybrid cell, i.e . , 0 . 3 X 37 . 8\ X 1/3 = 3. 78\ of total re
covered activity. Thus, hybrids were scored positive for 
human GBA when the \ of inununoprecipitated GSA was greater 
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than 4\ of total recovered activity [or greater than 10\ of 
hwnan control activity precipitated (see Table 3)]. Simi
larly, for the regional gene mapping studies using hybrids 
with human chromosome l deletion line, a value of greater 
than 10\ of the human control activity precipitated was 
scored as positive for the presence of a single, intact 
chromosome L 

Segregation Analysis of Human GBA in Cell Hybrids 

Segregation of human GBA and the enzyme markers for 
the human chromosomes in ' primary and secondary hybrid 
clones is shown ih Table 2. Table 3 shows the human chromo
some complements and the immunoprecipitation data in repre
sentative secondary or tertiary clones selected for the 
presence or absence of human GBA. Based on these analyses, 
all human chromosomes except chromosome 1 were excluded 
from gene assignment for human GBA. The segregation of 
human GBA activity in th~ hybrids demonstrated 100\ con
cordant expression of the enzyme with phosphoglucomutase 1 
(PGMl), fumarate hydratase (FH) and the intact chromosome 
l. All the other chromosomes had a discordant frequency 
for GBA ranging from 0 . 26 to 0 . 75 and therefore, could be 
eliminated (Shafit-Zagardo et al., 1981). 

Regional Localization of GBA to Chromosome lpll + lqter 

A hybrid cell line (R/l<idAlO) with a human-mouse 
rearrangement involving hwnan chromosome l was used to 
further localize the gene for GBA. As shown in Figure 2, 
the chromosomal rearrangement was cytogenetically defined 
as human lpter + lpll to a mouse chromosome by Giemsa 11 
and Q-banding. Consistent with the cytogenetic analysis, 
the hybrid line was positive for the human chromosome 1 
short a.Ill\ markers, enolase l (ENOl), PGMl and a - fucosidase 
(FUCA), and was negative for the long arm markers, pepti
dase C (PEPC) and FH (Shafit-Zagardo et al., 1981). The 
absence of detectable GBA immunoprecipitable activity in 
this hybrid eliminated assignment of the GBA structural 
gene to the region lpter + lpll. 
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Table 2. Segregation of Ruman ChrOIUoso- Markers and Ruman GSA in 

Primary illld Secondary Somatic Cell Hybrids 

Eru:ymes• 

PGMl, FB 

MDHl 

GLBl 

PGM2 

HEXB 

SOD2, HEl 

GUSB 

GSR 

lll, AIC3, 

AC:Olf l 

GOTl 

LDffA 

LDHB, PEPB 

ESD 

NP 

HEXA, MPI 

PGP 

GLUA, GALK 

PEPA 

GPI 

ADA 

SODl 

ACON2 

G6PO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

1\1 

20 

21 

22 

x 

Concordant 

14 19 

l 0 

6 7 

3 4 

3 8 

3 4 

1 2 

0 4 

14 

3 

1 

7 

4 

3 

5 

2 

0 

7 

10 

s 
9 

4 

2 

4 

0 

1 

5 

3 

5 

7 

4 

4 

8 

1 

3 

0 

..::/.::_ 

p s 

8 11 

3 0 

0 0 

1 0 

1 4 

4 0 

0 0 

5 1 

2 

1 

s 
5 

0 

1 

1 

3 

4 

2 

5 

4 

1 

2 

1 

4 

1 

4 

3 

1 

5 

0 

3 

1 

9 

2 

1 

3 

Diacord&nt 

..±:_ 
p s 

0 0 

7 1 

2 0 

3 3 

3 2 

7 0 

s 0 

2 3 

0 4 

4 l 

7 5 

4 0 

2 2 

4 1 

5 2 

2 2 

2 

1 0 

l 5 

4 2 

0 0 

2 3 

2 

-=l..!_ 

p s 

0 0 

0 l 

4 4 

3 l 

4 3 

4 1 

2 0 

2 2 

7 0 

4 0 

2 2 

2 1 

4 0 

3 0 

5 6 

3 0 

1 

5 1 

2 3 

1 1 

6 3 

4 0 

3 

Prequency 

Discordant 

o.oo 
0.69 

0. 43 

0.56 

0. 4·3 

0 . 52 

0 .70 

0. 47 

0.31 

0.64 

0.59 

0.26 

0.50 

o. 36 

o.sa 
0.37 

0.75 

0.33 

0.26 

0. 40 

o. 39 

0. so 
0.63 

"Enzyme 111&rkers 111ere performed by starcb. or cellulose acetate gel e lectro
phoresis; P • Primary; S • Secondary 
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Selection of Cell Hybrids for Further Regional Mapping of 
GBA 

Figure 3 shows the partial karyotypes of the chromo
some l pair from the human fibroblast line, AG,46,XX,del(l) 
(lpter + lq42). From the fusion of the mouse RAG and human 
AG fibroblast lines, 14 hybrid clones were isolated. Of 
the three clones which expressed human PGMl, cytogenetic 
studies revealed that one contained both the normal and 
deleted human chromosome l. This hybrid line, R/AG-8, was 
subcloned and each secondary clone was analyzed for the ex
pression of human PGMl and for its chromosomal constitu
tion. With respect to human chromosome 1, the following 
hybrid cell lines were selected for analysis: a) three 
which contained only a single normal chromosome l (R/AG-82, 
R/AG-811 and R/AG-814) 1 b) two which carried only the 
deleted chromosome (R/AG-89 and R/AG-810)1 and c) two which 
had neither chromosome l (R/AG-87 and R/AG-88) (Table 4) • 

Fig. 2. Chromosome l from metaphase spreads of normal 
human cells and the R/KidAlO hybrid clone carrying the 
mouse-hwnan chromosome l (pll + pter) translocation. A) 
Normal human chromosome l banded by Giemsa 11 and quina
crine, respectively1 8 and C) The translocated chromosome 
banded with Giemsa 11 and quinacrine, respectively. The 
darkly staining mouse chromosomal material is detected by 
the Giemsa 11 stain while the quinacrine banding showed the 
two fluorescent bands indicative of the p region of human 
chromosome 1. 
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Table 3. Segregation of Hwnan GBA and Human Chromosomes in 

Human GBA 

Cell Line ' Immuno- ' precipi- Human Pos/ Chromosome 
tate* control Neg 1 2 3 4 5 6 

** *** 

Human 
Fibroblast 37.8 100.0 

RAG 0.0 0.0 

RAG X F 2 Liver: 

R/F2Li IB 14.7 38.8 + + + + + 
R/F2Li IC 17.0 44.9 + + + + + 
R/F2Li IE 8.7 23.0 + + 
R/F Li IF 5.0 13.2 + + + + + + 
R/F;Li IG 13.7 36.2 + + + + + 
R/F2Li F3 2.4 6.3 + 

RAG X F3 Lun2:: 

R/F3LuE21 G 7.3 19. 3 + + + + + 
R/F 3LuE2H 0.9 2.3 + 
R/F3LuE1i. 2.9 7.6 + + 

RAG X Fa Kidne~: 

R/F3Kid A1 7.3 19.3 + + + 
R/F 3Kid Ai. 7.5 19.8 + + + + 
R/F 3Kid A 12 5.6 14.8 + + 
R/F 3Kid Q l 13.7 36.2 + + + + 
R/F 3Kid Q 3 7.4 19. 5 + + + + 
R/F3Kid A 3 o.o o.o + + + 
R/P3lid U 3 0.5 1. 3 + + + 

* Percentage of t otal recovered activity in immunoprecipi-

** GBA activity in immunoprecipitate of hybrids expressed as 
fibroblas t controls. 

***Hybrids scored as positive had > 10\ control human paren-



Gene Mapping I 523 

RAG X Human Fibroblast Secondary and Tertiary Hybrid Clones 

Chromosome 

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

+ + 
+ + 
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tate . 
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+ + 
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+ 
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+ 
+ 
+ 
+ 

+ 

+ 
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+ 

a percentage of activity immunoprecipitated from human 

tal fibroblast GBA activity in immunopr~cipitates. 
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.+ 
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A B c 

Fig. 3. Partial karyotypes of the chromosome 1 pairs in 
cultured skin fibroblasts from patient AG, 46,XX,del(l) 
(lpter + q42:) • Giemsa-trypsin banding for each pair, the 
normal chromosome is on the left, the deleted chromosome on 
the right. 

Immunoprecipitation and Regional Localization of GBA 

The results of the specific immunoprecipitation assays 
for human GBA in the seven secondary hybrid clones examined 
are shown in Table 4. Three subclones, which were positive 
for PGMl and contained only the normal chromosome 1, had 12 
to 26\ of the immunoprecipitated GBA activity in normal 
human fibroblasts. These subclones were scored as positive· 
for the expression of human GBA. In contrast, the two 
subclones which were positive for PGMl, but carried only 
the deleted human chromosome 1, had 6\ or less of the human 
GBA activity when compared to that precipitated from con
trol human fibroblasts. These subclones were scored as 
negative for human GBA. The two subclones which did not 
contain a human chromosome 1 had 3\ or less of the mean 
immunoprecipitated GBA activity in normal fibroblasts. 

Specificity for GBA 

To assure the specificity of the immunoprecipitation 
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Table 4. 5egregation of Human GBA and Intact Human Chromosome l 

in RAG x ·AG Fibroblast Subclones 

Cell Line 

Diploid Lines: 

Normal Human 
Fibroblasts 

AG 

RAG 

Hybrid Lines: 

R/AG-82 

R/AG-Bll 

R/AG-814 

R/AG-89 

R/AG-BlO 

R/AG-87 

R/AG-88 

Human 

PGMl 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Chro1110some l 

Normal Deleted 

+ 

+ + 

+ 

+ 

+ 

+ 

+ 

Human GBA Activity* 

\ Human 
Control 

100 

67.0 

1.5 

26.0 

24.0 

12.0 

6.0 

6.0 

3.0 

1.5 

Pos/Neq** 

+ 

+ 

+ 

+ 

+ 

* GBA activity determined by the artificial substrate assay. 

**Hybrids scored as positive had JDOre than 10\ of the immunoprecipitated 
activity in normal human fibroblasts. 
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assay for human GBA, the natural substrate was used to 
assay the enzyme- antibody complex. As shown in Table 5, a 
background level of 2.2\ of normal human fibroblast immuno
precipitated GBA activity was detected in the mouse RAG 
cell line. The AG parental fibroblast line had 70.1\ of 
the mean immunoprecipitabl e GBA activity in normal human 
fibroblasts. Thr ee subclones of the hybrid line, R/AG-B , 
were examined for the presence of human GBA using the 
natural substrate. Cell line R/AG-810 was cytoqenetically 
shown to contain only the deleted chromosome and was scored 
negative in our natural substrate immunoprecipitate assay. 
In contrast, subclones R/AG-Bll and R/AG-Bl4 which carried 
a normal chromosome l, had GBA immunoprecipitable activity 
toward the natural substrate. 

DISCUSSION 

The structural gene for human GBA has been localized 
to chromosome l using somatic cell hybridization techniques 
and a double antibody immunoprecipi tation assay specific 
for the human GBA isozyme. This is the first time a chrom
osomal assignment has been designated for this enzyme. In 
all 52 hybrid clones examined, 100\ concordant expression 
of human GBA and the enzymatic markers for chromosome 1 , 
PGMl and FH, was observed (Table 2) . Cytogenetic analysis 
of these hybrid lines also demonstra ted segr egation of. GBA 
with an intact chromosome l (Table 3) . All other human 
chromosomes s ho wed discordancy for GBA as determined by 
either enzyme marker or cytogenetic analyses. 

The assignment of GBA to chromosome 1 is strengthened 
by the following factors. First, the somatic cell hybrids 
used were derived from the fusion of a mouse RAG cell line 
with human fibroblasts fran three different individuals, 
excluding a potential source of error arising from a single 
fusion containing a large number of hybrid subclones (Shows 
et al. , 1979) . Second, only the GBA isozyme is expressed 
in human fibroblast cell l ines (Turner and Hirschhorn, 
1978), thereby eliminating the possibility of precipitating 
the human GBN isozyme. In suppor t, partially purified 
hepatic GBN was not precipitated by the antiserum. Third, 
the antibody to human GBA was prepared in BALB/ C mice which 
decreased the probability of any cross-r eactivity between 
the human and mouse GBA isozymes. In fact, little, if any, 
detectable cross-reactivity between the mouse, rat, or 



Table 5. Human GBA in Immunoprecipitates Using the Natural Substrate Assay 

Human Chromosome 1 

Cell Line Normal Deleted 

Normal Buman + -
Fibroblast 

AG Fibroblasts + + 

RAG - -
R/ AG-810 - + 

R/AG-811 + -
R/AG-814 + -

nmol/ h* 

7.30 

5.12 

0.16 

0.37 

1.65 

2.14 

NBD-GC Activity 

\ Human 
Control 

100 

70.1 

2.2 

5.0 

22.6 

29. 3 

Pos/Ne9 

+ 

+ 

+ 

+ 

* The immunoprec ipitate was resuspended and assayed; the activity is expressed as 
nmoles NBD-GC hydrolyzed per hour. 
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Chinese hamster fibroblast B -glucosidase and the human 
enz yme was observed (Table 1). Fur thermore, the immunopr e
cipitation assay proved to be a sensitive and reliable 
method to detect human GBA activity in t he presence of the 
mouse isozyme. 

In addition to assigning the structural gene for human 
GBA to chr omosome 1, the gene locus has been further local
ized using a hybrid line with a human chromosome 1 (pter 

+ lpll)/mouse chromosome translocation and using hybrids 
of a human cell line containing a de novo deletion of 
chromosome l [46,XX,del (1) (lqter + lq42) )-.--In the hybrid 
with the human/mouse transloca tion, enzyme marker analyses 
substantiated the cytogenetic data. ENOl, PUCA and PGMl, 
which are all within the translocated region lpter + lpll, 
were present in this hybrid line , while PEPC and FH (local
ized at lq25 + lq42 and at lq42 + lqter, respectively) were 
absent. No GBA activity was detected in this hybrid indi
cating that the translocated segment of chromosome 1 did 
not have the locus for GBA. 

Further localization of the GBA locus has bee n obtain
ed by the ana lysis of somatic cell hybrids composed of 
murine RAG fibrobla sts fused with a human cell line con
taining a de novo deletion of chr omosome 1 . Of the sec
ondary clones -"'derived from the primary hybrid, R/AG-B 
(which contained both the normal and deleted human chromo
some 1), seven were selected which contained either only 
the normal, only the deleted, or no human chromosome 1. 
These secondary hybrids were e xamined for i.mmunoprecipi t 
able human GBA acti vity using the specific immunoprecipita
tion assay . In clones positive for human PGMl, immunopre-
cipitated GBA activity segregated concordantly with the 
presence or absence of the deleted human chromosome 1. All 
of the hybrids carrying a normal human chromosome l had 
i11u11unoprecipitable GBA activity, while those carrying only 
the deleted chromosome l were scored negative for immuno
precipitable human GBA enzyme (Table 4). 

The specificity of the immunoprecipitation assay for 
human' GBA was further demonstrated by the use of the fluor
escent natural substrate, NBD-GC . This substrate is only 
hydrolyzed by GBA and is not degraded by any other glyco
sidase, including the neutral B-glucosidase (Gatt et al., 
1982) . 
hybrids 

In the subclone s examined (Table 5), only those 
carrying an intact human chromos ome l exhibited 
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immunoprecipitable human GBA activity with the natural 
substrate. These findings, and the absence of detectable 
immunoprecipitable activity in the hybrids carrying only 
the deleted chromosome 1, are consistent with the regional 
assignment of the GBA gene to the region lq42 + lqter, as 
illustrated in Figure 4. 

SUMMARY 

The structural gene for huinan GBA has been assigned to 
chromosome 1 using somatic cell hybridization techniques 
for gene mapping. The human enzyme was detected in mouse 
RAG cell-human fibroblast cell hybrids by a sensitive 
double antibody immunoprecipitation assay using a mouse 
anti-human GBA antibody. No cross-reactivity between 
mouse a-glucosidase and human GBA or GBN ..,as observed. 
For the initial assignment, fifty- two primary, secondary, 
and tertiary man-mouse hybrids lines, derived from three 
separate fusion experilllent.s, were analyzed for human GBA 
and enzyme markers for the human chromosomes. Without 
exception, the presence of human GBA in these hybrid clones 
was correlated with the presence of human chromosome 1 or 
its enzymatic markers, PGMl and FH. All other human chromo
somes were eliminated by the independent segregation of GBA 
and their respective enzyme markers and/or chromosomes. 
Using a RAG-human fibroblast line with a mouse-human re
arrangement of human chromosome l, the locus for GBA was 
limited to the region lpll + lqter. 

Further regional localization was obtained using 
subclones of hybrids derived from the fusion of a human 
fibroblast line, 46,XX,del(l) (pter + q42 : ) , with mouse RAG 
fibroblasts . All hybrid subclones containing a normal 
chromosome l were positive for GBA. In contrast, subclones 
with a single deleted chromosome l were negative for GBA by 
imllunoprecipitat,ion and by the natural substrate assays. 
These results further localized the gene for GBA to the 
narrow region, lq42 + lqter . 
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