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ABSTRACT. Gaucher disease, the most common type of lysosomal
storage disorder, is characterized by an inherited deficiency of the mem-
brane-associated hydrolase, glucocerebrosidase. Glucocerebrosidase
catalyzes the hydrolysis of glucocerebroside to ceramide and glucose, a
crucial step in the recycling of membrane sphingolipids. The exorbitant
cost of the current treatment standard for Gaucher disease, enzyme
replacement therapy, prevents many from receiving treatment. This limi-
tation has led to a wide-spread search for more efficient and cost-effec-
tive methods of protein production and alternate therapies, resulting in a
closer examination of glucocerebrosidase biosynthesis and current treat-
ment techniques. The use of specific small interfering RNAs (siRNAs)
to knock down target genes is an attractive option for studying such
processes, though a glucocerebrosidase-specific siRNA has yet to be
reported. We note, however, that green fluorescent protein (GFP)-di-
rected siRNAs can not only provide a positive control to test siRNA
delivery and system integrity, but also serve as a means to knock down
a fusion partner without having to design siRNAs specific to the partner.
After effectively co-transfecting COS-1 cells with enhanced GFP
(EGFP)-tagged glucocerebrosidase constructs and GFP-directed siRNAs,
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we report successful knockdown of all EGFP-containing constructs at
both the RNA and protein levels. This provides a method of examining
enzyme biosynthesis and treatment options. Furthermore, this technique
is applicable to other systems, since we have demonstrated the useful-
ness of GFP as a siRNA target in mammalian cells when fused to an-
other gene of interest.
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INTRODUCTION

Gaucher disease is an autosomal recessive disorder characterized by a heterogeneous
set of signs and symptoms caused by the defective lysosomal hydrolysis of glucocerebroside
and related glucosphingolipids. This defective hydrolysis results from dysfunction of the enzyme
glucocerebrosidase (GBA; glucosylceramidase, acid ß-glucosidase, EC 3.2.1.45) which acts as
the penultimate step in conversion of glucocerebroside to glucose and ceramide (Beutler and
Grabowski, 2001). Accumulated glucocerebroside is taken-up by macrophages and subsequently
deposited in the spleen, liver, and bone marrow. Histological examination of affected tissues
reveals lipid engorged macrophages (Gaucher cells) which lead to the disruption of normal
organ function. The resultant hepatosplenomegaly, bone crises, and pancytopenia are the char-
acteristic symptoms of the disease. Gaucher disease is currently the most common lysosomal
storage disorder and the first to be successfully treated by enzyme replacement therapy (de
Fost et al., 2003). However, the exorbitant cost of such therapy prevents many from receiving
treatment (Grabowski et al., 1998). This limitation has led to a wide-spread search for more
efficient and cost-effective methods of protein production and alternate therapies, resulting in a
closer examination of GBA biosynthesis and current therapeutic techniques.

The discovery and manipulation of RNA-mediated interference (RNAi), a term coined
by Fire et. al. (1998), has presented the scientific community with new ways to examine old
mechanisms. RNAi is a multi-step process involving the generation of small interfering RNAs
(siRNAs) in vivo through the action of the RNAse III endonuclease Dicer. The resulting 21-23
nucleotide siRNAs mediate degradation of their complementary RNA (Hannon, 2002; Shi, 2003).
One successful siRNA target of interest to researchers from many different backgrounds is the
Aequorea victoria green fluorescent protein (GFP). GFP has been fused to numerous other
proteins and peptides, thus serving as a visible molecular reporter (Tsien, 1998). Since GFP has
been effectively knocked down by specific siRNAs, it could also potentially serve as the target
segment in a chimera, permitting knockdown of the partner-of-interest without having to design
specific siRNAs for the partner. Because the prediction and selection of successful siRNAs for
any target gene is still not fully developed, many time-consuming trial-and-error experiments are
often required to eventually knock down the gene of interest. Hence, targeting GFP in a chimera
instead of the partner of interest could save both time and resources. Therefore, we examined
the use of enhanced GFP (EGFP) as a siRNA target for the knockdown of fused GBA as a
method to examine enzyme biosynthesis and treatment options for Gaucher disease.
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MATERIAL AND METHODS

To create EGFP-tagged GBA constructs beginning at either the first (GBA1) or the
second (GBA2) ATG initiation site, template DNA was PCR-amplified with primers A and B for
GBA1 and C and B for GBA2 (Table 1). PCR amplification was performed with an initial
denaturation at 94°C for 2.5 min, followed by 28 cycles of 94°C for 1 min, 58°C for 1.5 min, and
72°C for 1.5 min. Reactions were carried out with 1 µl GBA cDNA template, 1 µl Pfu poly-
merase, 5 µl 10X PCR buffer, 5 µl 25 mM MgCl

2
, 5 µl 2.5 mM dNTPs and 4 µl forward and

reverse primers in a total volume of 50 µl. These amplified cDNAs were digested with EcoRI
and inserted in-frame upstream of EGFP in the vector pEGFP-N1 (Clontech, Palo Alto, CA,
USA). Transformants were selected by resistance to 30 µg/ml kanamycin on Luria Bertani
plates. Clones were confirmed by PCR amplification and sequenced to ensure the fidelity of the
PCR and cloning steps.

1The first base of the GBA upstream initiator codon is designated #1 (Sorge et al., 1987). Numbers for EGFP correspond
to those in Clontech manuals (Palo Alto, CA, USA).

Primer DNA Sequence (5’ to 3’) Location in cDNA1 Orientation

A GBA ACTCGAATTCTTCATCTAAGGACCCTGAGG minus 32-minus 3 sense
B GBA ATCGAATTCGTCCCTGGCGATGCCAC 1621-1596 antisense
C GBA CCTGTGAGGCTGCCAGCCATGAATTCGGTA 51-80 sense
D EGFP ATGGTGAGCAAGGGCGAGGAGCTGT 679-703 sense
E EGFP TACAGCTCGTCCATGCCGAGAGTGATCC 1391-1364 antisense

Table 1. Primers used in the construction and screening of glucocerebrosidase (GBA) and enhanced green fluores-
cent protein (EGFP) expression plasmids in COS-1 cells.

True positive pGBA1·EGFP and pGBA2·EGFP clones were isolated and purified prior
to co-transfection with either control Thermotoga meritimia siRNA (section 21 to 136 of the
complete genome; sense:UUCUCCGAACGUGUCACGUTT, antisense: ACGUGACACGUU
CGGAGAATT; QIAGEN, Valencia, CA, USA) or Aequorea victoria GFP siRNA (base pairs
122-143; sense:GCAAGCUGACCCUGAAGUUCAU, antisense: GAACUUCAGGGUCAG
CUUGCCG; QIAGEN; Caplen et al., 2001). Transfection of 80% confluent COS-1 cells in 12-
well plates with TransMessenger™ (QIAGEN) was performed according to the manufacturer’s
modified instructions for DNA/RNA co-transfections.

RNA was isolated at 48 h post-transfection with the RNeasy® Mini Kit (QIAGEN)
according to the manufacturer’s directions. RT-PCR was performed using the SuperScript™ sys-
tem (Invitrogen, Carlsbad, CA, USA) with EGFP primers D and E (Table 1). RNA was also ana-
lyzed by Northern blotting using a full-length EGFP cDNA probe. Protein expression was visualized
every 24 h with both a Zeiss LSM 410 confocal microscope and an epifluorescence microscope.

RESULTS

RT-PCR results indicated transcript presence for all pEGFP-N1, pGBA1·EGFP, and
pGBA2·EGFP co-transfected cultures. Negative controls showed no amplification (Figure 1).
Northern blotting revealed bands of cross-reactivity for all expected cultures when co-trans-
fected with control siRNA, but decreased band intensity for pEGFP-N1 when co-transfected
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with GFP siRNA. No bands were visible for either glucocerebrosidase-containing construct
when co-transfected with GFP siRNA. Green fluorescence was regularly observed in all pEGFP-
N1-expressing cultures at each time point. Co-transfection of pEGFP-N1 with GFP siRNA
resulted in markedly decreased fluorescence (Figure 2). No fluorescence was observed at any
time in mock-transfected COS-1 cells. With respect to pGBA1·EGFP and pGBA2·EGFP, green
fluorescence was visualized at 48-72 h post-transfection with decreased intensity and numbers
of fluorescing cells noted when co-transfected with GFP siRNA (Figure 2).
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DISCUSSION

Current standard treatment for Gaucher disease, the most common lysosomal storage
disorder, is based upon enzyme replacement. Unfortunately, this treatment is exorbitantly ex-
pensive, thus preventing many patients from receiving such therapy. This limitation has led to a
wide-spread search for more efficient and cost-effective methods of protein production and
alternate therapies, resulting in a closer examination of glucocerebrosidase biosynthesis and
current treatment techniques. The use of specific siRNAs to knock down target genes is an
attractive option for studying such processes, though a GBA-specific siRNA has yet to be
reported. One successful siRNA target of interest, however, is the Aequorea victoria GFP.
GFP has been fused to numerous other proteins and peptides, thus serving as a visible molecular
reporter (Tsien, 1998). Our research indicates that GFP-directed siRNAs not only provide a
positive control to test siRNA delivery and system integrity, but also serve as a means to knock
down a fusion partner without having to design siRNAs specific to the partner. After effectively
co-transfecting COS-1 cells with EGFP-tagged GBA constructs and GFP-directed siRNAs, we
report successful knockdown of all EGFP-containing constructs at both the RNA and protein
levels. In the case of Gaucher disease, this method will prove useful when examining the syn-
thesis/trafficking of normal and mutant versions of GBA in Gaucher fibroblasts, as well as the
impact and localization of introduced recombinant enzyme in transgenic knockout models. In
other systems whereby no siRNA has been specifically designed for a desired gene with little or
no endogenous expression, a chimeric GFP fusion gene can be utilized, providing a target for
temporal or localized knockdown.

Figure 1. Glucocerebrosidase (GBA) and enhanced green fluorescent protein (EGFP) RNA isolated from COS-1 cells at
48 h post-transfection, subjected to RT-PCR and electrophoresed in a 0.7% agarose gel. From left to right (lanes 1-5):
negative control (no reverse transcriptase added), COS-1 cells, pEGFP-N1, pEGFP•GBA1, pEGFP•GBA2.
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