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Abstract

Alpha--fucosidase (FUC) is a glycosidase involved in the degradation of fucose-containing glycoconjugates. A cDNA
representing the complete sequence of human FUC was inserted into the prokaryotic expression vector pGEX-2T. High
levels of the glutathione S-transferase (GST) fusion protein were detectEschwrichia coli cells after induction with
isopropyl thio-beta-galactopyranoside. The GST-FUC protein was mostly found as inclusion bodies and attempts to
optimise its expression as a soluble form were unsuccessful. Nevertheless, the recombinant protein was purified by affinity
chromatography on glutathione-sepharose and its fucosidase activity was characterised. After thrombin cleavage of the GST
tag, the FUC precursor protein was purified by electro-elution.
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1. Introduction erties of the enzyme as well as protein folding,
intracellular transport, secretion and the generation
Alpha+-fucosidase (FUC) (EC 3.2.1.51) is a of multiple molecular forms. Alpffiacosidase is a

glycosidase that cleaves fucose from the non-reduc- multimeric protein which is usually derived from two
ing end of oligosaccharides, glycoproteins and glyco- closely related polypeptide subunitS0df00—

lipids. The human enzyme has been purified from a 60 000 which differ in carbohydrate composition and
variety of cells, fluids and tissues, and its kinetic, possibly other post-translational modifications [1].
electrophoretic, and immunological properties have Cloning studies of the human fucosidase gene pro-
been studied extensively (for review see Ref. [1]). vide evidence for only one structural gene, denomi-
Human alpha-fucosidases are sialoglycoproteins nakadiCA1, which includes eight exons spanning
which contain~10% carbohydrate, by weight. Al- 23 kb [2], and has been assigned to the distal region
though the exact functions of the carbohydrate of 1p34 by in situ hybridisation [3]. A number of
component are unknown, it has been suggested that cDNA clones containing the coding sequence and
glycosylation affects the stability and kinetic prop- poly (A) region of human alphaosidase have

been isolated [4,5]. The open reading frame encodes
*Corresponding author. Tel+34-986-812-576; fax:+34-986- a p_rOtem_ of _461 amm(_) acids consisting of a 22
812-556. amino acid signal peptide and a processed mature
E-mail address: adcarlos@uvigo.eA. de Carlos). enzyme of 439 amino acids [5]. Although expression
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of an active human fucosidase has been achieved in picillin (Roche Diagnostics, Barcelona, Spain) for
eukaryotic systems [6,7], there have been no reports the selection of transformants.

of successful expression of alphducosidase using

prokaryotic vectors. In this investigation, human 2.3. Human alpha-L-fucosidase cDNA

alphat-fucosidase precursor was expressedEs

cherichia coli cells as an enzymatically active gluta- A full length cDNA clone coding for the human
thione S-transferase (GST) fusion protein. After alpHacosidase inserted into thEcoR | site of
thrombin cleavage of the GST tag, purified recombi- the plasmid pUC19 was a generous gift from Dr
nant human alpha-fucosidase precursor was ob- Donald S. Anson (Women'’s and Children’s Hospital,
tained. North Adelaide, South Australia). The cDNA mole-

cule was~1.4 kb in size, and it contained an internal
EcoR | site close to the 3end, 11 bp of 5

2. Experimental untranslated sequence, and 11 bp bfuBitranslated
sequence as well as the complete reading frame. The

2.1. Recombinant DNA technology alphat-fucosidase coding sequence was amplified by
PCR and inserted into th&amH | site of the

Restriction endonuclease digestions, DNA liga- expression vector pGEX-2T to form plasmid pGEX-

tions, and plasmid DNA preparations were per- FUC. The complete coding sequence for human

formed following standard procedures [8]. Modify- alphédcosidase from cDNA clones is available in

ing enzymes were obtained from Amersham Bio- the GenBank database with the accession number

sciences (Barcelona, Spain). DNA was amplified by M29877.

the polymerase chain reaction (PCR) using Am-

pliTag FS DNA polymerase from Perkin-Elmer 2.4. DNA sequencing
Biosystems (Foster City, CA, USA). The reactions

were carried out in a final volume of 1Q4d with 0.5 In order to verify the insertion and the orientation

pM of each oligonucleotide, 0.2 kh of each of the of the alphafucosidase cDNA molecule, the

four dNTPs, 2.5 U of the enzyme, and 500 ng of a nucleotide sequence of the pGEX-2T vector and the
double stranded plasmid DNA, which includes the cDNA insert junction were confirmed by DNA
human fucosidase coding sequence, as template. sequencing. DNA from plasmid pGEX-FUC was
Amplifications were performed in a GeneAmp PCR purified using the Flexiprep kit (Amersham Bio-
System 2400 from Perkin-Elmer (Foster City, CA, sciences). Cycle sequencing was performed by the

USA) with an initial denaturation step at 9¢, 5 dideoxy chain termination method using the Cy5
min followed by 30 cycles of 94C, 1 min; 65°C, 1 Thermo Sequenase Dye Terminator kit and the 5

min and 72C, 3 min; and a final extension at 7@ pGEX sequencing primer (Amersham Biosciences).

for 7 min. The resulting reactions were analysed in a ALFex-
press Il DNA Analysis System using the ALFwin

2.2. Bacterial strains Sequence Analyser 2 software (Amersham Biosci-
ences).

The E. coli strain TG2 $upEhsdA5 thi A(lac-
proAB) A(srl-recA)306::Tni0 (tet) F' (traD36 2.5. Expression of the GST-fucosidase fusion
proAB ‘lacl lacZ AM15)), a TG1 derivative defi-  protein in E. coli
cient in recombination [8], was used routinely in all

the DNA manipulation procedures. Tl coli strain Plasmid pGEX-FUC was used to transform
BL21 (hsdSgal (Aclts857 ind1l Sam7nin5 lacUV5- competent. coli BL21 cells and transformants were

T7 genel)) was used as host for the expression of selected on LB plates supplemented with ampicillin
the human alpha-fucosidase. Unless otherwise according to standard protocols [8]. A colony carry-
stated, bacteria were grown at 37 in Luria-Bertani ing the pGEX-FUC plasmid DNA was grown over-

(LB) broth [8] supplemented with 0.1 mg/ml am- night in LB medium containing ampicillin and 2%
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(w/v) of glucose (Sigma, Madrid, Spain). This gel electrophoresis with SDS (SDS-PAGE) in a

culture was diluted 1:30 in 200 ml of fresh medium, discontinuous pH system [11], using a Miniprotean
grown with vigorous agitation to mid logarithmic Il apparatus (Bio-Rad) with a 4% stacking gel and a
phase (absorbance detection value at 600 nm of 10% separating gel. A set of low molecular mass
0.6-0.8), and induced at 25 or 30D by the addition protein standards (Amersham Biosciences) contain-

of isopropyl thio-betas-galactopyranoside (IPTG, ing phosphorylase b (97 000), bovine serum albumin
Amersham Biosciences) to a final concentration of (66 000), ovalbumin (45 000), carbonic anhydrase
0.1 mM. At the appropriate times, aliquots of 3 ml of (30 000), trypsin inhibitor (20 000) and alpha-lactal-
the culture were collected, further centrifuged, and bumin (14 000), was included. Total proteins were
the bacterial pellets re-suspended in 0.5 ml of visualised by staining the gels for 30 min in fixative

phosphate-buffered saline (PBS; 140inNaCl, 2.7 solution (40% (v/v) methanol (Merck, Darmstadt,
mM KCI, 10 mM Na,HPGQ,, 1.8 i KH PO,, pH Germany) and 10% (v/v) acetic acid (Merck))

7.3). Then 400ul of each re-suspended bacterial containing 0.1% (w/v) Coomassie Brilliant Blue R-
pellet were lysed by sonication in the presence of a 250 (Sigma), and destaining by several changes in
protease inhibitor cocktail (Complete, Roche Diag- the same solution without Coomassie Brilliant Blue
nostics) using a Sonifier Cell Disruptor 450 (Bran- R-250.

son) with a 2.5-mm probe. Soluble (supernatant) and

insoluble (pellet) fractions were separated by cen- 2.8. Western blotting

trifugation at 12 00@ for 15 min at 4°C and pellets

were re-suspended in PBS. The protein concentration After SDS—PAGE, gels were allowed to equili-

of the samples was determined by the Bradford brate for 30 min in transfer buffer K25Tns—

method [9], using bovine serum albumin as standard. HCI, pH 8.3, M3lycine, 20% (v/v) methanol).
Proteins were transferred to O0.4%a pore size

2.6. Purification of the GST-fucosidase fusion polyvinylidene difluoride (PVDF) membranes (Im-

protein mobilon-P, Millipore) using a Mini trans blot electro-
phoresis cell (Bio-Rad), following a standard method

The GST-FUC fusion protein was affinity purified [12], at 100 V for 60 min &C4 A set of broad

using a glutathione sepharose 4B matrix (GS4B; range pre-stained molecular mass standards from

Amersham Biosciences) following a batch method Bio-Rad: myosin (208 000), beta-galactosidase

previously described [10]. The appropriate volume of (105 000), bovine serum albumin (80 000), oval-

a 50% GS4B beads suspension was added to an bumin (50 000), carbonic anhydrase (35 000),

aliquot of a re-suspended bacterial pellet and mixed trypsin inhibitor (28 000) and lysozyme (20 000),

gently for 1 h at £C, followed by a brief centrifuga- was included in the electrophoresis gels and trans-
tion (500g, 5 min at 4°C) and the removal of the ferred to the PVDF membranes.

supernatant. After extensive washing with PBS, the For the detection of the GST-FUC protein, the
bound proteins were eluted from the beads by an membranes were processed using, as primary anti-

overnight incubation in one bed volume of 100Mm  body, an anti-GST antiserum (Amersham Biosci-
Tris—HCI, pH 8.5, with 7.5 M reduced glutathione ences) diluted 1000-fold in blocking solution (5%

(Amersham Biosciences). The supernatant containing (w/v) non-fat dry milk in PBS). An anti-goat 1gG

the purified GST-FUC protein was recovered after alkaline phosphatase conjugate (Roche Diagnostics),

centrifugation in the same conditions as described diluted 1:2500 in blocking solution, was used as

above. second antibody. For alphddcosidase protein de-
tection, a rabbit antiserum raised against an alpha-

2.7. Polyacrylamide gel electrophoresis fucosidase from human placenta (Sigma) was used as
primary antibody (at a 1:500 dilution), followed by a

Crude lysates, bacterial pellets and supernatants, 2000-fold dilution goat anti-rabbit 1gG alkaline
fractions obtained in the GS4B chromatography and phosphatase conjugate (Bio-Rad). Protein bands, to

purified samples were subjected to polyacrylamide which antibodies were bound, were visualised by
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incubation of the membranes in a solution containing time of incubation were concerned. . Alptesid-
a mixture of nitroblue tetrazolium chloride (NBT) ase activity was determined using the fluorogenic
and 5-bromo-4-chloro-3-indolyl-phosphate toluidine substrate 4-methyl-umbelliferyfiicopyranoside
salt (BCIP) in 100 vl Tris—HCI, pH 9.5, following (4-MU-fucoside; Sigma), following a method previ-
the manufacturer’'s suggestions (Roche Diagnostics). ously described [13]. Afpbasidase activity
was expressed as specific activity (U/mg). One unit
2.9. Analysis of gels and membranes of enzyme (U) was defined as the amount of enzyme
required to hydrolyse fumol of substrate per minute
Dried polyacrylamide gels and PVDF membranes at@under optimal conditions. Optimal pH was
were processed using a Scanjet 5370C desk-top determined using citrate-phosphate and phosphate
scanner (Hewlett-Packard) and subjected to com- buffers at different pH values ranging from 3.0 to 5.5
puterised image analysis. The relative molecular and from 5.0 to 8.0, respectively. Kinetic studies
mass K,) of each protein band was calculated were performed using the substrate 4-MU-fucoside at
according to the migration rates of the protein final concentrations ranging from 0.12 to R160 m
standards, using the Image Master 1D Elite software Apparent Michaelis-Menten coKsfpan(l maxi-
version 2.01 (Amersham Biosciences). mal velocity,() values were calculated from the
Hanes-Woolf representation using the linear regres-
2.10. Thrombin digestion sion data analysis program Enzpack 3.0 (Biosoft,
1989).

An aliquot containing 200p.g of the purified
GST-FUC protein was mixed with 20 cleavage units
of thrombin (Amersham Biosciences) and incubated 3. Results
overnight at room temperature. The degree of en-
zymatic cleavage was followed by SDS—PAGE. 3.1. Construction of the recombinant plasmid
pGEX-FUC
2.11. Electro-elution
For the expression of the human alphé&icosid-

The thrombin digestion reaction mixture was aseEircoli, the prokaryotic vector pGEX-2T was
submitted to preparative SDS—PAGE. After visualis- udeainH | restriction sites were created at both
ing the protein bands, the gel slice containing the ends of the alflheesidase cDNA molecule by
FUC protein was excised and cut into small pieces, PCR, using the oligonucleotide primers CCGGAT-
which were placed into the elution chamber of a CCATGAGGTCGCGGCCG' (primer) and
model 422 Electro-Eluter (Bio-Rad). Alpha- CCGGATCCTTACTTCACTCCTGTCAG (3

fucosidase protein was eluted at 100—150 V for 2 h primer) and a pUC19 plasmid DNA carrying the
using elution buffer (25 Ml Tris—HCI, pH 8.3, 192 alpha-fucosidase cDNA insert (see Experimental
mM glycine, containing 0.1% (w/v) SDS) and section) as template. The PCR product was digested

following the manufacturer’s instructions. In order to witBamH | and ligated to BamH I-digested,
remove SDS (Sigma) from the preparation, the alkaline phosphatase-treated pGEX-2T. The resulting
elution procedure was continued for another 2 h ligation mixture was used to tran&fazohi TG2
using fresh elution buffer without SDS. After the competent cells. Restriction endonuclease analysis
elution was completed the FUC protein was re- allowed the selection of bacterial clones containing
covered in a minimal amount of the same buffer and the insert in the appropriate orientation. The identity
its purity checked by SDS—PAGE. of one of the clones was confirmed by DNA
sequencing of the plasmid-insert junction. The con-
2.12. Assay of fucosidase activity struct obtained was therefore designated as pGEX-
FUC (Fig. 1). Messenger RNA transcripts initiated at
Enzyme assays were always performed under ttae Promoter of pGEX-FUC would encode a

linear conditions as far as the amount of protein and fusion protein consisting of 226 amino acids from
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Thrombin after IPTG addition, lysing the cells in protein
..Leu Val Pro Arg4Gly Ser[Met Arg Ser Arg Pro...| (B) sample buffer for 5 min at 100, and analysing the
~CTG GTT CCG CGT GGATCC atg agg teg cgg ccg. - lysates by SDS—PAGE (Fig. 2). The synthesis of a
protein of ~76 000, consistent with the sum of the
Ptac .. ... FUCOSIDASE molecular masses of GST (26 000) and FUC pre-
GST cursor (51 000) as predicted by translation of the
(A) corresponding nucleotide sequences, was induced in
p%iﬁl—;}léc E. coli cells containing plasmid pGEX-FUC (lanes

1-6), but not in cells containing the parental vector
Fig. 1. Structure of the recombinant plasmid pGEX-FUC. (A) pGEX-Z_T (lan_e 7). The am_ount of GST'FU_C prOte_m

Scheme of the pGEX-FUC plasmid containing the fucosidase Synthesised 'ncrease_d W|t_h pmkmge(fI 'nCUb_anon-
cDNA under transcriptional regulation of thiac promoter (fac). such that at 3 h after induction (lane 6) it constituted
(B) Detail of the fusion region between the nucleotide coding ~20% of the total cellular proteins, as estimated from

sequences of GST (uppercase) and fucosidase (lowercase) Prothe Coomassie stained polyacrylamide gel by image
teins. Amino acids are indicated in three letter code. Fucosidase analysis

amino acids are boxed. Thrombin protease recognition sequence is
indicated and the arrow shows the cleavage site.

the N-terminus of the GST protein fused with the 3.3. Alpha-L-fucosidase activity in E. coli cells
entire human alpha-fucosidase protein (461 amino expressing the GST-FUC fusion protein
acids).
To determine whether the GST-FUC protein was

3.2. Expression of the GST-fucosidase fusion enzymatically active an in vitro assay was used to
protein in E. coli measure the levels of alphafucosidase activity in

lysates ofE. coli cells. As it can be seen in Fig. B,
The human alpha-fucosidase coding sequence coli cells transformed with the expression vector

was expressed as a GST fusion protein by trans- PGEX-2T exhibited no afpbasidase activity.
formation ofE. coli BL21 cells with plasmid pGEX- In contrast, in IPTG-induced cells containing the
FUC and induction with IPTG. The time course of plasmid pGEX-FUC increasing levels of alpha-
the GST-FUC protein synthesis was followed by fucosidase activity along the induction time were
removing aliquots of a culture at different intervals detected.

97000
66000

45000

<“+—GST-FUC

30000

20000

STy ¥ §
Fig. 2. Expression of the GST-FUC fusion proteinkn coli cells. Lanes 1-6 show lysates frob coli BL21 cells transformed with
pGEX-FUC and induced with 0.1 &h IPTG for O (lane 1), 30 (lane 2), 60 (lane 3), 90 (lane 4), 120 (lane 5) and 180 (lane 6) min. Lane 7

shows a lysate frork. coli BL21 cells transformed with pGEX-2T. Lane M corresponds to the protein standards with their molecular mass
values indicated on the left side.
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Fig. 3. Fucosidase activity ift. coli cells expressing the GST-
FUC fusion protein. The fucosidase activity was assaydtl ioli
BL21 cell lysates along the fusion protein induction period. The
specific activity values in IPTG induced cells transformed with
pGEX-2T (filled circles) or with pGEX-FUC (open circles) are
shown.

3.4. Purification of the GST-fucosidase fusion
protein

Bacterial lysates obtained from cultures grown at
30°C and induced with IPTG for 180 min (Fig. 4,
lane 1) were separated by centrifugation in soluble
(supernatant) and insoluble (pellet) fractions. Al-
though some amount of the induced fusion protein

was found in the supernatant (Fig. 4, lane 2), most of

1 2 3 4

— —97000
GST-FUC —p R . -_ 00
: — - —45000
- -
.o
- = —30000

Fig. 4. Purification of the GST-FUC fusion protein synthesised in
E. coli cells. Lane 1, lysate oE. coli cells grown at 30C and
induced with IPTG for 180 min. Lanes 2 and 3, supernatant and
pellet, respectively, obtained from the bacterial lysate. Lane 4,
GST-FUC fusion protein purified by GS4B affinity chromatog-

A. de Carlos et al. / J. Chromatogr. B 786 (2003) 7-15

it was localised in the pellet fraction (Fig. 4, lane 3).
This accumulation of the GST-FUC protein in the
insoluble fraction suggested that it was sequestered
within inclusion bodies inside the cells. In order to
reduce the formation of insoluble aggregates the
expression conditions were varied. Shorter expres-
sion periods, lower expression temperature and in-
creased aeration of the cultures were tried but none
of these conditions resulted in an increased solubility
of the fusion protein (data not shown). Therefore, the
GST-FUC protein was purified from bacterial pellets
by affinity chromatography on glutathione sepharose
4B. Proteins bound to GS4B beads were eluted from
the matrix by the addition of reduced glutathione and
analysed on SDS—PAGE. As shown in Fig. 4, lane 4,
a major band migrating at the expected size of the
GST-FUC protein (76 000) was observed. In addi-
tion, several minor bands of lower molecular mass
were also present. These bands could correspond
either to proteolytic degradation products of the
GST-FUC fusion protein or to carboxy-terminal
truncated forms.

By the one-step purification method described, 65

mg of GST-FUC protein were obtained from 1 | of
bacterial culture.

3.5. Characterisation of the alpha-L-fucosidase
activity of the purified GST-FUC fusion protein

The fucosidase activity of the affinity-purified
GST-FUC protein was characterised by investigating
the effects of pH and substrate concentration on its
ability to hydrolyse the substrate 4-MU-fucoside.
The GST-FUC protein showed a broad pH activity
curve (Fig. 5A) with a maximum at pH 5.0 and
activity levels higher than 60% at pH values between
4.5 and 6.5. The appareH, andV,,,, values for the
mentioned substrate, determined by the Hanes-Woolf
plot (Fig. 5B), were estimated to be 0:£8.01 nM
and 7.9:0.19 U/mg, respectively (mearSD for
three independent experiments).

3.6. Purification of the recombinant human alpha-
L-fucosidase precursor

For the purification of the recombinant human

raphy. Molecular mass values of the protein standards are shown alphat-fucosidase precursor, the existence in the

on the right.

pGEX-2T vector of a target sequence for thrombin
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Fig. 6. Thrombin digestion of the GST-FUC fusion protein. Lanes
1-2, SDS-PAGE. Lanes 3-4, Western blot. Lanes 1 and 3,
purified GST-FUC protein. Lanes 2 and 4, products from the
thrombin digestion. Numbers on the right correspond to the
molecular mass values of the protein standards.
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from the corresponding gel slice. Fig. 7 shows the
purified recombinant human alph&aucosidase pre-
B cursor as a single protein band b1 000 in size
(lane 1), which was able to react with an antiserum
. raised against human placenta alpHacosidase
(lane 2).

[SPV [mM (U/img)'']
o
N

4. Discussion

-1 ) 1 2 3

S1 (mM) Although the expression of biologically active
Fig. 5. Characterisation of the alpbducosidase activity of the human alpha-fucosidase has been demonstrated in
purified GST-FUC protein. (A) Effect of pH. Enzyme activity was  transfected COS cells [6] and human fibroblasts [7],
determined using citric-phosphate (closed circles) and phosphate there are no reports to our knowledge about the
(open circles) buffers. (B) Effect of 4-MU-fucoside concentration. expression of this enzyme in bacterial systems.
Hanes-Woolf representation is shown. L L .

In this investigation, a cDNA representing the

. complete sequence of human alphAicosidase
was taken advantage of, so that the GST-FUC fusion (FUC) was cloned into pGEX-2T, . coli expres-

protein was digested with this protease. Fig. 6 shows

the results of SDS—PAGE and immunodetection with

an anti-GST antiserum of the thrombin digestion of

the GST-FUC protein. Cleavage of the GST-FUC

protein led to the formation of one band of 26 000 97000 —
(lane 2), which was recognised by the antiserum 66000 — ! 3

(lane 4) and corresponds to the GST protein, and .  — 4-FUC
another band with av, value of 51 000 (lane 2) 45000— /

corresponding to the recombinant human alpha- 1
fucosidase precursor protein, which consequently did _ '

not react with the anti-GST antiserum (lane 4). In 30000 "
addition, some amount of undigested GST-FUC B

fusion protein was still present (lanes 2 and 4). Fig. 7. Purified recombinant human alph&dcosidase precursor
The digestion mixture of the GST-FUC protein Lane 1, CBB staining. Lane 2, immunodetection with an anti-

was subjected to preparative electrophoresis and hyman alpha-fucosidase antiserum. Numbers on the left corre-
alphat-fucosidase was recovered by electro-elution spond to the molecular mass values of the protein standards.

1 2
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sion vector containing the glutathione S-transferase
(GST) coding region ofSchistosoma japonicum
followed by a thrombin cleavage site, to generate the
recombinant plasmid pGEX-FUC. Lysates frdom
coli cells transformed with plasmid pGEX-FUC and
induced with IPTG revealed the presence of the
GST-FUC protein with an apparent molecular mass
of 76 000, in accordance with that expected for a
fusion protein containing GST (26 000) [10] and an
unprocessed FUC protein (51 000) [5].

Despite the GST expression system having been
designed for inducible, high level intracellular ex-
pression of genes as soluble proteins [10], most of
the expressed GST-FUC fusion protein was found in
inclusion bodies. Similar results have been described
for the expression of other GST fusion proteins such
as canine protein phospholamban [14], human
myelin oligodendrocyte glycoprotein [15] and por-
cine interleukin-2 [16]. Attempts to optimise the
expression of GST-FUC as a soluble form, including
changes in temperature and induction time, were
unsuccessful. Negative results on the suppression of
inclusion bodies formation have also been reported
[14,15].

Purification of the GST-FUC protein from the
insoluble protein fraction using glutathione sepharose
4B affinity chromatography was attempted. By this
method, a major band migrating at the expected size
of the GST-FUC protein (76 000) was recovered. In
addition, a small proportion of lower molecular mass

protein bands was also detected. These bands could

correspond to proteolytic degradation products of the
fusion protein that were not eliminated by the use of
protease inhibitors as happened to others [15,17,18].
However, it would also be possible to consider the
presence of carboxy-terminal truncated GST-FUC
forms [19], as a consequence of translation multiple
stops.

Purified GST-FUC protein (65 mg) was obtained
from 1 | of bacterial culture. This yield is compar-
able to those described for other GST fusion proteins
[16,20,21].

The purified GST-FUC protein showed alpha-
fucosidase activity over a broad range of pH values,
exhibiting its maximal activity at pH 5.0. This result
is in agreement with data reported for most human
alphat-fucosidases which present pH optima in the
range 4.0-6.0. However, the recombinant enzyme
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did not show the second optimum between pH 6.0

and 7.0 which is present in the pH-activity curve of

several human fucosidases (reviewed in Ref. [1]).

The apparenk,, value of GST-FUC for the substrate

4-MU-fucoside (6:081 nmM) was in the range
reported for most of the studied human-alpha-
fucosidases (reviewed in Ref. [1]). Since bacterial
systems, in general, are not able to perform
glycosylation of proteins, GST-FUC fusion protein
expressed#.iooli will lack carbohydrate residues.
Our findings suggest that the absence of glycosyla-
tion modifies the pH dependence of the Lalpha-
fucosidase activity of the GST-FUC fusion protein,
whereas it has no effect on its substrate affinity.
Similar results were obtained when the effect of
carbohydrate removal on the properties of human
liver alphazosidase was investigated [22]. How-
ever, the mentioned modified pH-dependence ex-
hibited by the alpHacosidase activity of the
GST-FUC fusion protein, characterised by the re-
duced activity levels at pH values between 6.0 and
7.0, could not be entirely attributed to the lack of
glycosylation since this recombinant protein includes
the signal peptide which is not present in the fully
processed human alghaesidase.
The cleavage of the purified GST-FUC protein,
using the site specific protease thrombin, allowed the
separation of the GST tag from the recombinant
human alphosidase precursor protein, which
was further recovered by electro-elution. The appar-
ent molecular mass of the purified protein (51 000)
corresponds to an unprocessed non-glycosylated
protein of 461 amino acids, including 22 amino acids
of the signal peptide. This size is in agreement with
the reported values foN-tjlgcanase-treated al-
pifiacosidase from human liver (45 000—48 000)
[22] and from human seminal plagBa@00)
[23], considering that these eukaryotic enzymes are
mature forms which have lost their signal peptides.

5. Conclusions

Human alghbeesidase precursor was ex-
pressedEncoli cells as an enzymatically active
GST fusion protein which was purified by using
glutathione sepharose affinity chromatography. After
thrombin cleavage of the GST tag and electro-elu-
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tion, purified recombinant human alphducosidase
precursor was obtained. This protein could be useful
as a highly purified biological reagent for the prepa-
ration of polyclonal and monoclonal antibodies. In

addition, because bacterially expressed human alpha-

L-fucosidase is unglycosylated, studies investigating
the role of oligosaccharides on the structure and
function of this enzyme would be possible.

Acknowledgements

We thank Dr Donald S. Anson (Women's and
Children’s Hospital, North Adelaide, South Aus-
tralia) for the generous gift of the fucosidase cDNA
clone. This work was supported by grants from
Xunta de Galicia (XUGA30110B97) and from the
University of Vigo. The ALFexpress Il DNA Analy-
sis System was financed by Xunta de Galicia. D.M.
was supported by a postgraduate fellowship from
Xunta de Galicia. Jacqueline Kenny is acknowledged
for English language supervision. The authors are
thankful to Beatriz Otero for her excellent technical
assistance.

References

[1] J.A. Alhadeff, Trends Comp. Biochem. Physiol. 4 (1998)
105.

[2] K.A. Kretz, D. Cripe, G.S. Carson, H. Fukushima, J.S.
O’Brien, Genomics 12 (1992) 276.

[3] M.L. Fowler, H. Nakai, M.G. Byers, H. Fukushima, R.L.
Eddy, W.M. Henry, L.L. Haley, J.S. O'Brien, T.B. Shows,
Cytogenet. Cell Genet. 43 (1986) 103.

[4] H. Fukushima, J.R. de Wet, J.S. O’'Brien, Proc. Natl. Acad.
Sci. USA 82 (1985) 1262.

15

[5] T. Occhiodoro, K.R. Beckman, C.P. Morris, J.J. Hopwood,
Biochem. Biophys. Res. Commun. 164 (1989) 439.

[6] H. Fukushima, J. Nishimoto, S. Okada, J. Inherit. Metab.
Dis. 13 (1990) 761.

[7] T. Occhiodoro, J.J. Hopwood, C.P. Morris, D.S. Anson,
Hum. Gene Ther. 3 (1992) 365.

[8] J. Sambrook, D.W. Russell, Molecular Cloning, A Laboratory
Manual, 3rd ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, 2001.

[9] M. Bradford, Anal. Biochem. 72 (1976) 248.

[10] D.B. Smith, K.S. Johnson, Gene 67 (1988) 31.

[11] U.K. Laemmli, Nature 227 (1970) 680.

[12] H. Towbin, T. Staehelin, J. Gordon, Proc. Natl. Acad. Sci.
USA 76 (1979) 4350.

[13] J.A. Alhadeff, J.S. O’Brien, in: R.H. Glew, S.P. Peters (Eds.),
Practical Enzymology of Sphingolipidoses, Alan R. Liss,
New York, 1977, p. 247.

[14] W.J. Kromer, E. Carafoli, J.E. Bailey, Eur. J. Biochem. 248
(1997) 814.

[15] J. Bettadapura, K.K. Menon, S. Moritz, J. Liu, C.C.A.
Bernard, J. Neurochem. 70 (1998) 1593.

[16] H. lwata, M. Yamamoto, A. Hasegawa, K. Kurata, T. Inoue,
J. Vet. Med. Sci. 62 (2000) 1101.

[17] J. Lopez, M. Latta, X. Collet, B.Vanloo, G. Jung, P. Denefle,
M. Rosseneu, J. Chambaz, Eur. J. Biochem. 225 (1994)
1141.

[18] R.M. Bill, P.C. Winter, C.M. McHale, V.M. Hodges, G.E.
Elder, J. Caley, S.L. Flitsch, R. Bicknell, T.R.J. Lappin,
Biochim. Biophys. Acta 1261 (1995) 35.

[19] A.A. Khromykh, T.J. Harvey, M. Abedinia, E.G. Westaway,
J. Virol. Methods 61 (1996) 47.

[20] J.A. Calera, M.C. Ovejero, R. Lopez-Medrano, R. Lopez-
Aragon, P. Puente, F. Leal, Microbiology 144 (1998) 561.

[21] G.J.P. Fernando, B. Murray, J. Zhou, |.H. Frazer, Clin. Exp.
Immunol. 115 (1999) 397.

[22] S. Piesecki, J.A. Alhadeff, Biochim. Biophys. Acta 1119
(1992) 194.

[23] S. Khunsook, J.A. Alhadeff, B.S. Bean, Mol. Hum. Reprod.
8 (2002) 221.



	Purification of human alpha-l-fucosidase precursor expressed in Escherichia coli as a glutat
	Introduction
	Experimental
	Recombinant DNA technology
	Bacterial strains
	Human alpha-l-fucosidase cDNA
	DNA sequencing
	Expression of the GST-fucosidase fusion protein in E. coli
	Purification of the GST-fucosidase fusion protein
	Polyacrylamide gel electrophoresis
	Western blotting
	Analysis of gels and membranes
	Thrombin digestion
	Electro-elution
	Assay of fucosidase activity

	Results
	Construction of the recombinant plasmid pGEX-FUC
	Expression of the GST-fucosidase fusion protein in E. coli
	Alpha-l-fucosidase activity in E. coli cells expressing the GST-FUC fusion protein
	Purification of the GST-fucosidase fusion protein
	Characterisation of the alpha-l-fucosidase activity of the purified GST-FUC fusion protein
	Purification of the recombinant human alpha-l-fucosidase precursor

	Discussion
	Conclusions
	Acknowledgements
	References


