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IntroductIon
a-L-fucosidase (AFU) is a glycosidase primarily found in 
lysosome and involved in the degradation of  a variety of  
fucose-containing fucoglycoconjugates[1,2]. The necessity 
and importance of  AFU (a-L-fucoside fucohydrolase, EC 
3.2.1.51) are demonstrated by deficiency of  its enzymatic 
activity leading to fatal neurovisceral storage disorder 
designated fuocosidosis characterized by mental and 
motor retardation [3]. The alterations of  AFU catalytic 
activity in human cells, tissues and body fluids have a 
diagnostic value for human tumors such as primary 
hepatocarcinoma (PHC)[4-8], colorectal cancer[9-11], ovarian 
cancer[12].The deficiency of  AFU activity in female sera 
is probably a hereditary condition related to higher risk 
of  ovarian cancer[2,12]. The persistently elevated AFU 
level in sera of  patients with liver cirrhosis contributes to 
early detection of  PHC[5]. In addition, information of  the 
structure and biochemical characteristics of  AFU helps to 
understand the pathogenesis of  fuocosidosis on molecular 
level and to discover therapeutic approaches for the 
disease[1,13]. In the present investigation, we described an 
improved purification procedure for AFU by ion exchange 
chromatography and immunochemical studies using 
polyclonal antibody against the homogeneous enzyme 
from human PHC tissue.

MaterIals and Methods
Materials
Liver specimens were obtained from patients with PHC 
who underwent partial hepatectomy at Tongji Hospital. 
The procedure conformed to the local ethical guidelines. 
Informed consents were obtained from the patients or 
their relatives. The study protocol followed the ethical 
guidelines of  the Helsinki Declaration of  1975. Rabbits 
used for antiserum production procedure received human 
care. All procedures were performed at 4℃ unless 
otherwise specified. Substrate 4-methylumbelliferyl-a-
L-fucopyranoside (4-MU-Fuc) and standard product 
4-methylumbelliferone (4-MU) were purchased from 
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Abstract
AIM: To purify and characterize a-L-fucosidase from 
human liver cancer tissue and to detect the localization 
of a-L-fucosidase in tumor tissue.

METHODS: Cation exchange chromatography on 
CM-52 and ultrafiltration were used to separate a-L-
fucosidase (AFU) from crude extract of liver cancer 
tissue. 4-methylumbelliferyl-a-L-fucopyranoside was 
used as a fluorescent substrate to quantify the purified 
AFU activity in each step. A polyclonal antibody (pAb) 
against the purified AFU was obtained by anion exchange 
chromatography on DEAE-52 after ammonium sulfate 
fractionation and ultrafiltration. Immuohistochemical 
staining was used to observe the expression of AFU in 
malignant and adjacent liver tissues.

RESULTS: Human a-L-fucosidase was purified 74–
fold to apparent homogeneity with 15% yield. SDS-
PAGE indicated the presence of one subunit of molecular 
weight of 55 Ku. The specific activity of AFU in pooled 
fraction by chromatography was 10085 IU/mg. Western 
blot analysis indicated that the pAb could recognize 
one protein band of molecular weight of 55 Ku. The 
expression of AFU was observed in cytoplasm membrane 
of liver cancer tissue but not in that of adjacent tissue. 

CONCLUSION: The purified a-L-fucosidase from primary 
hepatocarcinoma (PHC) is different in its properties from 
a-L-fucosidase in human other organs. The polyclonal 
antibody prepared in this experiment can be applied to 
the diagnosis of PHC.

© 2006 The WJG Press. All rights reserved.
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Sigma. CM-52 and DEAE-52 cel lulose resin were 
purchased from Whatman, USA. 

Enzyme assay
AFU activity was assayed using 4-MU-Fuc as previously 
described with a minor modification[14-15]. Thirty µL 
aliquots of  enzyme preparation was incubated at 37℃ 
for 30 min with 150 µL of  0.2 mol/L citrate buffer (pH 
5.0) containing 60 nmol/L 4-MU-Fuc. The reaction 
was terminated by addition of  4 mL of  0.2 mol/L 
K2CO3(pH 10.0). The fluorescent absorbance was read 
on a HITACHI F-4500 spectrophotometer with excitation 
at 365 nm and emission peak at 460 nm. Readings were 
corrected by subtracting tissue and substrate blanks. 
One unit of  enzyme activity was defined as the amount 
generating 1 nmol of  product 4-MU per min at 37℃. 
Protein concentration was determined by the traditional 
method of  Bradford[16] using Coomassie brilliant blue 
G-250, following the standard assay and microassay with 
a protein concentration assay kit (Nanjing, China) using 
bovine serum albumin as standard protein. To quantify 
AFU activity in each purification step, we used a modified 
procedure to determine enzyme activity which assays the 
activity of  β-galactose and generates a standard curve of  
known product concentration[17]. 

Extraction and concentration of enzymes
Crude extract of  PHC tissue was prepared as previously 
described[18] with certain modifications. Portions of  human 
liver from patients with PHC diagnosed by pathological 
examination were washed in distilled water and cut into 
small sections, stored in 30% glycerol at -70℃ until use. 
About 25 g of  liver tissue (wet weight) was cut into small 
blocks within 0.05 mol/L cold sodium acetate pH 5.0 (10 
mL per gram of  tissue, wet weight). The blocks were then 
homogenized in a glass homogenizer, heated to 37℃ for 
1 h to release the enzyme. The pH was then immediately 
adjusted to 5.0 with glacial acetic acid. The mixture was 
heated to 60℃ for 10 min before it was cooled to room 
temperature on ice and then centrifuged at 0℃ for 30 
min at 35 000 r/min. The precipitate was discarded and 
supernatant pH was adjusted to 5.0 with 15 N NH4OH. 
Solid ammonium sulfate was added to the supernatant 
to 35% saturation. The solution was allowed to stand 
at 4℃ for 4 h, and then centrifuged at 0℃ for 30 min 
at 29000 r/min. The precipitate was discarded, and the 
supernatant was saturated to 50% ammonium sulfate by 
addition of  solid ammonium sulfate and allowed to stand 
at 4℃ for 20 h, then centrifuged at 0℃ for 30 min at 
29000 r/min. The precipitate was dissolved in 4.0 mL of  
0.1mol/L sodium citrate (pH 5.0), 0.02% in NaN3 to yield 
35%-50% ammonium sulfate fractions. The supernatant 
was saturated to 60% of  ammonium sulfate by addition 
of  solid ammonium sulfate and allowed to stand at 4℃ 
for 20 h, then centrifuged at 0℃ for 30 min at 29 000 r/
min. The precipitate was dissolved in 2.0 mL of  0.1mol/L 
sodium citrate (pH 5.0), 0.02% in NaN3 to yield 50%-60 % 
ammonium sulfate fractions. The 35%-50% and 50%-60% 
ammonium sulfate fractions were stored at -20℃ for 
chromatography. 

Chromatographic methods
Further fractionations of  the 35%-50% and 50%-60% 
ammon ium su l f a t e f r a c t i ons we r e ob t a ined by 
chromatography on CM-cellulose (Whatman CM-52). To 
keep the stability of  enzyme activity as possible the whole 
procedure was performed at 4℃. The chromatography 
column (2.5 cm × 35 cm) was prepared in 0.011 mol/L 
citric acid-NaOH (pH 4.5), 0.02 % in NaN3 as previously 
described[18]. Details are given in Figure1.

Molecular weight determination of purified AFU
The presence of  subunits was determined in 12 % 
polyacrylamide gels (8 cm × 7.3 cm, 0.75 mm) containing 
0.1% SDS as previously described[19]. Briefly, 5% stacking 
and 12 % running gels were run at room temperature 
using 25 mmol/L Tris-HCl, 0.2 mol/L glycine buffer (pH 
8.3) containing 0.1% SDS for 30-40 min at 80 V and 1-1.5 
h at 100 V respectively. AFU samples (20-25 µg/lane) were 
subjected to electrophoresis after treated with 2% SDS, 
5% 2-mercaptoethanol, 25% glycerol, 0.1% bromophenol 
blue in 60 mmol/L Tris-HCl (pH 6.8) in boiling water bath 
for 3 min. Prestained molecular mass standards (Fermentas, 
SM0671) were used and stained at the same condition. 
The gels were stained as previously described[20] with 
0.25% Coomassie brilliant blue R-250 in glacial acetic acid: 
methanol: distilled water (10:45:45, v/v/v) for 3 h, then 
distained with the mixture of  glacial acetic acid : methanol: 
distilled water (10:45:45, v/v/v) without Coomassie 
brilliant blue R-250 for 1 h, 20 min per time.

Immunization of animals
All procedures were performed as previously described[21] 

unless otherwise specified. Antiserum against AFU was 
produced by immunizing rabbits with 0.5 mg of  purified 
AFU in equal volume of  Freund’s complete adjuvant, 
and 5 mL serum was collected before immunization as a 
normal control. The emulsion was injected subcutaneously 
at multiple sites on the rabbit metapodium palm. After 2 
wk, the rabbits were injected with 0.5 mg purified AFU 
in Freund's incomplete adjuvant intramuscularly in each 
caudal thigh muscle. After 3 wk, the rabbits were given 
0.2, 0.2, 0.4 mg of  purified AFU respectively in a week at 
different sites on ear central artery for booster injection. 
A blood sample from ear central artery was collected for 
determination of  the tilter after the second immunization. 
One week after the last booster injection, the rabbits 
were exsanguinated via cardiac puncture under general 
anaesthesia using diethyl ether. 

Purification of a-L-fucosidase IgG
Blood was stood at room temperature for 1 h at 4℃ 
overnight, then centrifuged at 13 000 r/min for 30 min at 
4℃.The resulting pellet was discarded with the supernatant 
collected. The whole serum was precipitated with saturated 
ammonium sulfate to a final saturation of  33%, then 
desalted with Amicon Ultra-15 PLGC centrifugal filter 
unit (Millipore, NMWL, 10 KDa) (http://www.millipore.
com/catalogue.nsf/docs/C7715).

Anion exchange chromatography 
The desalted antiserum was added to anion exchange 



column (DEAE-52, Whatman) pre-balanced with 
0.005mol/L balancing buffer, pH 8.6, Tris-PO4 and stood 
at 4℃ for 30 min. Fractionations were eluted using 0.055 
mol/L (pH 6.0) and 0.5 mol/L (pH5.1) Tris-PO4 by a 
stepwise developing method, and pooled according to 
their protein content determined by absorbance of  optical 
density at 280 nm. Because of  instability of  the purified 
antibody, chromatography should be carried out at 4℃. 
Pooled fractionations from DEAE-52 were adjusted to pH 
6.4 with 10mol/L NaOH and stored at 4℃ to preserve 
their activity.

Western blot analysis
The proteins from slab gels were electrotransferred to 0.2 
µm-pore-size nitrocellulose membrane (Schleicher and 
Schuell, Keene, NH) in 48 mmol/L Tirs/HCl transferring 
buffer containing 39 mmol/L glycine, 0.037% SDS, 20% 
methanol, at 4℃ and 350 mA for 70 min. A portion 
of  nitrocellulose was stained as previously described[22] 
for 5 min with a working solution of  10-fold dilution 
of  2% ponceau S, 30% trichloracetic acid (TCA), 30% 
salicylsulfonic acid, solved in distilled water to 100 
mL total volume, then destained vigorously in TBST 
with shaking until the ponceau S was washed off. The 
remainder of  nitrocellulose was blocked for 2 h under 
constant shaking at room temperature in 5% non-fat dry 
milk dissolved in Tris-buffered saline-Tween-20 (TBST) 
containing 10 mmol/L Tirs/HCl (pH 7.5), 0.15 mol/L 
NaCl and 0.05% Tween-20. The membrane was incubated 
overnight at 4℃ in 100-fold dilution of  immunoglobulin 
G (IgG) fraction of  anti-AFU polyclonal antibody, and 
washed three times with TBST under constant shaking 
for 1 h, 20 min per time. The membrane was incubated 
with the secondary antibody at room temperature for 2 
h under constant shaking, 5000-fold dilution of  horse-
radish peroxide-conjugated immunoPure goat anti-rabbit 
IgG antibody [IgG (H+L),blotting grade; Pierce]. After 
three more 20 min washes with shaking (10 mmol/L-Tirs/
HCl buffer, pH 7.4), development was accomplished 
by enhanced chemiluminescence (ECL) for 1 min 
following the manufacturer’s instructions (Pierce), and the 
membrane was exposed to Kodak X-ray film. Exposure 
time was determined on the basis of  signals generated 
by the reaction between membrane and mixture solution 
from ECL kit. The results were obtained through Kodak 
medical X-ray processor 102 (Eastman Kodak, Rochester, 
USA). 

Streptavidin-peroxidase-biotin (SP)
immunohistochemistry
The samples were incubated with the primary antibody 
against AFU (1:50, purified polyclonal, diluted in PBS) 
at 4℃ overnight . SP-immunohistochemistr y (SP-
IHC) was performed according to the manufacture’
s instructions (Zhong Shan Ltd Co, China) for SP kit. 
Sections were stained with 3, 3’-diaminobenzidine (DAB) 
and counterstained with haematoxylin for visualization 
of  nuclei. In negative controls, phosphate-buffered saline 
(PBS) was chosen as the primary antibody instead of  anti-
human AFU polyclonal antibody. 

results
Purification of AFU
An effective procedure was developed for the purification 
of  AFU f rom human pr imar y hepatocarc inoma 
tissue. The process included homogenization, high 
speed centrifugation, ammonium sulfate precipitation, 
ultrafiltration and cation exchange chromatography. The 
results are summarized in Table1. This procedure typically 
resulted in a purification of  74-fold with a very high 
specific activity of  10 085 (nmol.min/mg) protein in 15% 
yield.

The stability of  purified AFU was evaluated following 
storage at -20℃, 4℃ and 20℃ (pH 5.0) in the presence of  
sample buffer respectively. Samples in the frozen condition 
retained 100% of  enzyme activity for at least two months. 
While samples in refrigerated condition showed slow 
but progressive decrease of  enzyme activity with about 
50%-80% of  initial activity after two-month storage. 
Observations also exhibited that 100% enzyme activity 
remained in aseptic condition at room temperature within 
two days.

The elution schemes of  two fractionations by 
chromatography are shown in Figure 1.

Standard curve of AFU
To quantify AFU activity in each purification step, we 
modified a procedure to assay the activity of  β-galactose[17]. 
Using this method, enzyme activity in unknown samples 
could be compared according to a standard curve.

The absorbance of  known concentrat ions of  
commercially available products generated at excitation 
wavelength 365 nm and emission wavelength 460 nm was 

Fraction Protein (mg) AFU (units) Specific activity Purification fold Yield (%)

(units/mg protein ) 

Homogenate and incubate at 37℃ 878.4 120 024     137
35%-50% (NH4)2SO4 precipitation 126.55   95 352     753          5 79
50%-60% (NH4)2SO4 precipitation   46.55   16 420     353          3 14
Ultrafiltration fraction  
35%-50% (NH4)2SO4 precipitation   22   46 676   2122        16 39
50%-60% (NH4)2SO4 precipitation     5.6     6 835    1221          9   6
CM-cellulose fraction     1.82   18 354 10 085        74 15

Table 1  Purification of AFU from human PHC tissue
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shown using HITACHI fluorescence spectrophotometer 
(Figure 2).

Purity of AFU in human liver cancer tissue
The migration pattern of  crude extracts and purified AFU 
in denaturing polyacrylamide gel electrophoresis is shown 
in Figure 3. The SDS-PAGE indicated the presence of  one 
subunit of  purified AFU at 55 Ku.

Purification and purity of AFU antiserum
Antiserum was obtained via cardiac puncture by high 

Figurge 1  Elution of fractionations on cation exchange. A: Chromatography of 
the ultrafiltration fraction of 35% to 50% (NH4)2SO4 ammonium sulfate precipitation 
(22 mg of protein ) on CM-cellulose. The procedure was performed with a column 
(2.6 cm × 30 cm) at a flow rate of 65 to 75 mL per hour. About 5 mL fractions was 
pooled. The column was developed initially with 750mL of 0.011 M citric acid-
NaOH (pH 4.5), 0.02% NaN3, and then a stepwise dilution over 400 mL from 
0.05, 0.10, 0.15 to 0.25 mol/L NaCl was used to accomplish the development; B: 
Chromatography of the ultrafiltration fraction of 50% to 60% (NH4)2SO4 ammonium 
sulfate precipitation (5.6 mg of protein ) on CM-cellulose. The arrows indiente the 
elution peak of the interest protein.

speed centrifugation, ammonium sulfate precipitation, 
ultrafiltration and anion exchange chromatography on 
DEAE-cellulose. The elution profile of  anti-serum from 
anion exchange column is depicted in Figure 4. The curve 
showed an elution peak of  IgG fraction of  antiserum 
against AFU around the 115th collecting tube. SDS-PAGE 
analysis illustrated the single subunit of  55 kDa of  purified 
IgG and appeared to be highly purified.

Western-blot analysis of human liver AFU 
Western blot analysis indicated that purified AFU 
antiserum recognized the 55 kDa band of  the enzyme 
compared with immunized rabbit serum used as a control. 
The density of  bands seemed to become thicker with 
prolonged exposure time (Figure 5).

Location and distribution of AFU expression 
Immunohistochemistry staining indicated that predominant 
expression of  AFU could be seen primarily in plasma 
membrane and cytoplasm of  primary hepatocarcinoma 
cells compared with adjacent tissue and negative control. 
This staining was not found in the negative control treated 
identically except for primary antibody against human liver 
AFU.

Figure 2  Stand curve of AFU. Solid line represents an artifact line generated by 
the Microsoft excel™ and dot line represents the practical values in linear range. 

Figure 3  Electrophoretic analysis of AFU in crude and purified human liver. 
Lane 1: 50% to 60% (NH4)2SO4 precipitation; lane 2: supernatant after high 
speed centrifugation; lane3: protein standards(Fermentas , prestained); lane 4: 
35% to 50% (NH4)2SO4 precipitation; lane 5: ultrafiltration fraction after 35% to 
50% (NH4)2SO4 precipitation; lane6: CM-cellulose fraction; lane 7: Homogenate 
and incubate at 37℃. 

Figure 4  Anion exchange chromatography of crude antiserum against human 
PHCα-L-fucosidase using a column (2.6 cm × 30 cm) of DEAE-cellulose. 
The column was eluted as described in Materials and methods. The arrows 
indicate  the applied buffers and the emerged elution peak of IgG.
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dIscussIon 
A number of  investigations on a-L-fucosidase (EC 
3.2.1.51) in different species have provided evidence for 
its importance in organism metabolism and diseases[1-3]. 
Although AFU is of  considerable interest in human 
disease research because of  fucosidosis, neurovisceral 
storage disease lacking of  its enzymatic activity, many 
studies on its role in cancer research have been reported. 

To our knowledge, this is the first report of  purification 
and characterization of  human AFU from primary 
hepatocarcinoma tissue.

In this study, several criteria were chosen to purify 
and characterize AFU including ammonium sulfate 
precipitation, ultrafiltration, ion exchange chromatography, 
SDS-PAGE, Western blot, immunohistochemsitry 
staining and production of  monospecific antibody against 
purified AFU. The results showed that this procedure 
was straightforward and successful for AFU purification. 
Contaminating glycosidases were removed during the 
course of  each purification step and purified enzyme 
appeared to be homogeneity.

The molecular weight of  purified enzyme determined 
by SDS-PAGE was a single subunit of  55 Ku, which 
is different from those reported previously[23-27]. These 
results may prove that purified AFU from PHC tissue is 
tetrameric, consisting of  four identical subunits. 
Western blot analysis showed enzyme of  the 55 Ku 
subunit recognized by anti-AFU polyclonal antibody. 
None of  the bands reacted with a preimmune serum 
(data not shown). This immunochemical recognition is 
consistent with previous studies on human colon AFU[11], 
one band of  about 55 Ku was detected when incubated 
with an immunized serum, which is similar to the report 
of  Johnson et al [28]. 

Immunohistochemistry staining showed predominant 
expression of  AFU in plasma membrane and/or cytoplasm 
of  primary hepatocarcinoma tissue, which is similar to 
previous results[29](Figure 6). The precise localization of  
AFU may suggest that expression level and specific site 
of  AFU expression in primary hepatocarcinoma tissue 
can be a useful marker for early detection of  PHC and a 
prognosis indicator of  PHC development. It was reported 
that serum AFU activity is a useful marker for early 
detection of  PHC particularly in a-fetoprotein -low or 
negative PHC patients[4-8,30]. However, the mechanism of  
elevated AFU in serum or tissues of  patients with PHC 
is still obscure. One possible explanation is the increased 
synthesis and secretion of  AFU by tumor cells[31]. Genetic 
studies suggest that three different phenotypes of  AFU are 
dominated by two alleles exhibiting autosomal inheritance 
with a gene dosage effect. Individuals with high activity of  

AFU in serum are considered homozygous. In addition, 
sialic acid of  glycoproteins determines the clearance rate 
in circulation and its transformation may cause retarded 
clearance of  glycoproteins[32].

In conclusion, purified AFU and corresponding 
polyclonal antibody can be used as antigen-antibody 
candidates to detect PHC at early stage.
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