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An assay method for GDP-L-Fuc:JV-acetyl-^-D-glucosaminide cl-6fucosyltransferase
(al-6FucT; EC 2.4.1.68) activity has been developed, involving a fluorescent pyridyl-
aminated substrate. A glycopeptide derived from bovine 7-globulin was coupled with 4-
(2-pyridylamino)butylamine (PABA) through the peptide bond, and the following sub-
strate was obtained.

^Manpi-4GlcNAcpi-4GlcNAc-Asn-PABA
GlcNAcpi-2Mana1'

3 2 1
5 4

The substrate and guanosine diphospho-fucopyranoside (GDP-Fuc) were incubated with a
crude enzyme extract for 2 h, and then the enzymatic product was separated by reversed
phase HPLC. Quantitation of the product involved measurement of the fluorescence inten-
sity of the fucosylated pyridylaminated sugar. The structures of both synthesized GnGn-bi-
Asn-PABA (substrate), and synthesized GnGnF-bi-Asn-PABA (product) were analyzed by
'H NMR. The enzymatic product was also analyzed by 'H NMR and was found to have
al-6fucose at the reducing end GlcNAc. This method is highly specific for al-6FucT and is
applicable for various experiments, including purification and cell culture ones.

Key words: carbohydrate structure, fluorescent labeling, al-6fucosyltransferase, glycosyl-
transferase activity, HPLC.

GDP-L-Fuc:iV-acetyl-y3-D-glucosaminide ffl-6fucosyltrans- 2). Interestingly, Koscielak et al. reported that the enzyme
ferase (a-l-GFucT) catalyzes the transfer of fucose from was released from platelets during blood clotting (3, 4).
GDP-fucose to the reducing end GlcNAc of complex N- Voynow et al. first purified and characterized <zl-6FucT
linked glycans via al-61inkage (Fig. 1). Some properties of from a human fibroblast cell line (5, 6). Although this
a l-6FucTs in different enzyme sources have been report- enzyme is presumed to act in the cis Golgi apparatus, where
ed. a 1 -6FucT from porcine liver was first characterized (1, core fucosylation of iV-glycan may affect a nascent glyco-

protein, and therefore determine the further posttrans-
' This study was supported in part by a Grant-in-Aid for Scientific lational processing and the function of glycopeptide, the
Research on Priority Area from the Ministry of Education, Science, biological function of this enzyme remains unknown (7-9).
Sports and Culture of Japan. From a clinical point of view, al-6fucose attached to the
'To whom correspondence should be addressed. Tel: +81-6-879- reducing end GlcNAc has been reported to exhibit some
3421, Fax:+81-6-879-3429 relationship with hepatocellular carcinomas. Serum alpha-
Abbreviations: al-6FucT, GDP-L-Fuc:AT-acetyl-/3-D-glucosaminide , , , . , , ™ , - , , , , . ,. ,•
al-6 fucosyltransferase; PA, 2-aminopyridii.e; PABA. 4-(2-pyridyl- fetoproteins (AFP of hepatomas and benign liver disease
amino)butyl amine; GDP-Fuc, guanosinediphospho-fucopyranoside; patients interact lentil lectin differently, and the lentil
GlcNAc, Ar-acetylglucosamine; Pht, phthaloyl; TFA, trifluoroacetic lectin binding variant contained fucosylated biantennary
acid; DMF, dimethylformamide; HOBt, 1-hydoxybenzotriazole; HPLC, complex type 2V-linked oligosaccharides (10). Analyses of
high performance liquid chromatography; AFP, alpha-fetoprotein; 'H the carbohydrate structure of AFP from hepatoma cell lines
NME, proton nuclear magnetic resonance; Aloe-, allylchloroformyl-; indicated that most carbohydrates were al-6fucosylated
GnGn-bi-Asn-PABA, Gl^l-2Mimal.6(GMJA^_l-2M«nal-2) ( J J u ) ffi h ^ ^ f o u n d ^ h u m f l n h e p a t o m a 8
Man/31-4GlcNAcy91-4GlcNAc-Asn-PABA; GnGnF-bi-Asn-PABA, ; , ' ' _ b , , , , , .. .*, .. . . .
GlcNAc/Sl-2Man*1.6(GlcNAc/n-2Man*l-2)Man/?l-4GlcNAc01. ( i 3 ) m d ^ Protooncogene transfected cells (14). All
4(Fuc<rl-6)GlcNAc-Asn-PABA; WSC, water soluble carbodimide; these reports suggest that al-6FucT is associated with
THF, tetrahydrofuran. malignant transformation, including hepatocarcinogenesis.
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GlcNAcpi-2ManaK,

GlcNAcpi-2Mana1

N = \
^Manpi-4GlcNAcpi-4GlcNAc-Asn-PABA H2N(CH2)4NH

\ /

GnGn-bi-Asn-PABA

Fucal.
GlcNAcpi-2ManaK 6

^Manpi-4GlcNAcpi-4GlcNAc-Asn-PABA
GlcNAcpi-2Mana1'

GnGnF-bi-Asn-PABA

Fig. 1. The oligasaccharide structure, GnGnF-bi-Asn-PABA,
produced through the action of al-6FucT with a fluorescence-
labeled oligosaccharide, GnGn-bi-Asn-PABA.

Most of the glycosyltransferase activities have been
determined by the product separation method (15).
Voynow et al. established an assay method for al-6FucT
using lectin chromatography to separate enzymatic prod-
ucts (5). These methods, however, need a radio-labeled
substrate and usually involve tedious and time-consuming
procedures. In previous studies, we developed an assay to
separate and quantitate an enzymatic product of iV-acetyl-
glucosaminyltransferases using a relatively simple re-
verse-phase HPLC method (16-18). This method is based
on the pyridylamination of sugar chain as reported by Hase
et al. (19). In this study, we have developed a simple assay
method for a l-6FucT, in which a 4- (2-pyridylamino)butyl-
amine (PABA) labeled oligosaccharide was used as an
acceptor substrate for ffl-6FucT. The present method
involving PABA-labeled oligosaccharide provides a power-
ful tool for the purification and cell culture experiments of
al-6FucT.

MATERIALS AND METHODS

2-Amino pyridine and 4-aminobutylaldehydediethylacetal
were obtained from Wako Pure Chemicals, Osaka. /?-Ga-
lactosidase (Aspergilius sp.) was obtained from Toyobo,
Osaka. TSK-gel ODS-80TM and Amide-80 columns were
purchased from Tosoh, Tokyo. Bovine y-globulin and
pronase (Streptomyces griseus) were purchased from
Sigma Chemical and Seikagaku Kogyo, Tokyo, respective-
ly. iV-Ethylcarbonylphthalimide and l-ethyl-3-(3-dimeth-
ylaminopropyl)carbodimide hydrochloride were purchased
from Nacalai Tesque. Fucosidase (bovine kidney) was
purchased from Sigma Chemical.

Preparation of 4-(2-Pyridylamino)Butylamine—4-(2-
Pyridylamino)butylamine (PABA) is an aminopyridine
derivative, whose amino and 2-aminopyridine residues are
bonded by an alcan group, as shown in Fig. 2. iV-Ethylcar-
bonylphthalimide (8.04 g, 36.7 mmol) was dissolved in 40
ml THF, and then to the mixture, 4-aminobutylalde-
hydediethylacetal (5.63 g, 34.9 mmol) and triethylamine
(3.89 g, 34.4 mmol) were added with stirring. After 2 h, the

Fig. 2. The structure of the C-terminal fluorescent reagent,
PABA.

reaction mixture was evaporated to dryness. The organic
layer was extracted with ethylacetate and then washed with
HjO. The compound I-containing ethylacetate layer was
dried using MgSO4, and then evaporated (Fig. 3A). The
yield of compound I (9.41 g, 32.3 mmol) was 92.5%.

Compound I (9.41 g, 32.3 mmol) in Fig. 3A was dissolved
in acetone (93 ml) and then to the mixture, 1 M HC1 (63 ml)
was added with stirring. The reaction was performed under
reflux for 15 min. The compound II-containing fraction was
evaporated, and the organic layer was extracted with ether
and then washed with H20. Ether was dried with MgSO4

and then evaporated. The yield of compound II (7.5 g, 34
mmol) was 97.4%.

Compound II (7.5 g, 34 mmol) in Fig. 3A was dissolved in
methanol (308 ml), and then 2-aminopyridine (3.706 g, 34
mmol) and acetic acid (13.86 ml) were added with stirring.
After reaction for 4 h, boranedimethylamine complex (2.39
g) and acetic acid (12.2 ml) were added. An aliquot was
applied to a silica gel column, and compound III was eluted
with a mixture of toluene and acetone (1:1). The yield of
compound III (5.31 g, 17.01 mmol) was 48.7%.

Compound III (5.31 g, 17.01 mmol) in Fig. 3A was
dissolved in 104 ml of ethanol, and then to the mixture,
hydrazinehydrate (2.52 g, 49.9 mmol) was added with
stirring, followed by incubation for 2 h under reflux to
remove amino residue protectors. After evaporation, com-
pound IV in Fig. 3A was extracted with ethylacetate and
then nitrated to remove detached phthaloyl residues. The
extracted layer was evaporated until hydrazine was com-
pletely removed. The yield of compound IV (2.28 g, 13.7
mmol) was 39.2%.

Preparation of an Aloe-Asn-Oligosaccharide (V)—Oligo-
saccharide-Asn-OH (16 mg, 10.1//mol) obtained from y-
globulin, which was digested by pronase according to the
general method (20), as shown in Fig. 3B, was dissolved in
a mixture of diethylether (1 ml), triethylamine (6.08 /xl),
and H20 (1 ml). To the solution, allylchroloformate (3.63
//I) was added with stirring. After stirring for 6h, an
aliquot was dried up and dissolved in H2O, and then applied
to a TSK gel Amide-80 column (21.5 mmX30 cm). After
washing the column with 80% acetonitrile, sugar chains
were eluted with 0.1% TFA in a Linear gradient manner.
The eluted fractions containing sugars detected with
phenol-sulfuric acid compound V in Fig. 3B were collected.
The yield of compound V (4.2 mg, 2.5 /<mol) was 24.7%.

Preparation of a PABA-Labeled Glycopeptide (Com-
pound VII)—l-Ethyl-3-(3-dimethylaminopropyl)carbo-
dimide hydrochloride (Water-soluble carbodimide, WSC)
(0.47 mg, 2.51 pmol) was added to a mixture of DMF (1
ml), compound V in Fig. 3B (4.2 mg, 2.5 //mol), 1-hydroxy-
benzotriazole (HOBt) (1.01 mg, 7.5//mol), and compound
IV in Fig. 3A; PABA (3.75//mol) with stirring. After
reaction for 6 h at room temperature, an aliquot was
applied to a TSK gel Amide-80 column (21.5 mm x 30 cm).
After washing with 80% acetonitrile, sugar chain was eluted
with 0.1% TFA in a linear gradient manner. The eluted
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\ B
H2N(CH2)3CH(OEt)2 ^-Globulin

amino residue blocked with Pht. pronase, aminopeptidase digestion

Oligosaccharide NPht=N(CH2)3CH(OEt)2 I

incubated with HCI

Pht=N(CH2)3CHO

Schiff base formed

Pht=N(CH2)3CH=N-(^ \

reduction performed

N=\
Pht=N(CH2)4NHH{ \ |

Pht. removed

Asn-OH

allyichloroformate

Oligosaccharide v

Aloc-Asn-OH V

WSC, HOBt, PABA

Oligosaccharide
Aloc-Asn-PABA VI

Pd[P PhU

Oligosaccharide-Asn-PABA VII

Fig. 3. A: Preparation procedures of
PABA. After blocking amino residues, an
aldehyde group was reacted with amino pyri-
dine to form a Schiff base. After the reduction,
amino blocker (Pht) was removed. The proce-
dures are described in detail under "MATE-
RIALS AND METHODS." B: Preparation of
oligosaccharide-Asn-PABA. After the
amide residues of oligosaccharide-Asn had been
blocked with allylchlorofonnate, PABA was
coupled, using water-soluble carbodimide.
Then the aloe residue was removed by treat-
ment with Pd[P Ph].,. The procedures are
described in detail under "MATERIALS AND
METHODS.'

{ \ | V

fractions containing compound VI in Fig. 3B were dried up.
Compound VI was dissolved in a mixture of DMF (1 ml)
and diethylamine (100/^1), and then Pd[P Ph]< (20 mg)
was added to remove allylformyl residues. After 30 min an
aliquot was evaporated, the residue was dissolved in H2O
and then applied to a TSK gel Amide-80 column (21.5
mm X 30 cm). After washing the column with 80% aceto-
nitrile, component VII in Pig. 3B were eluted with 0.1%
TFA in a linear gradient manner. The yield of component
VII (1.95 mg, 1.13 //mol) was 11.2% (Fig. 3B).

Preparation of GnGn-bi-Asn-PABA—Compound VII in
Fig. 3B was applied to a TSK gel ODS 80TM column (4.6
mm X 150 mm) and was eluted with 20 mM ammonium
acetate pH 4.0 containing 0.1% butanol in an isocratic
manner to purify GnGnF-bi-Asn-PABA in Fig. 1. GnGn-bi-
Asn-PABA, which can be used as a substrate for al-6FucT
(Fig. 1), was obtained from GnGnF-bi-Asn-PABA by
digestion with bovine kidney fucosidase for 7 days. The
final step of purification of GnGn-bi-Asn-PABA was per-
formed by HPLC on an ODS 80TM column (4.6 mm x 150
mm) to eliminate fucose, fucosidase, and undigested sam-
ple. GnGn-bi-Asn-PABA was eluted with 20 mM ammo-
nium acetate pH 4.0 containing 0.1% butanol in an isocratic
manner.

Structural Analysis of Synthesized GnGn-bi-Asn-PABA
and Synthesized GnGnF-bi-Asn-PABA—Synthesized
GnGn-bi-Asn-PABA and synthesized GnGnF-bi-Asn-
PABA were lyophilized against 99.80% D2O twice, and then
dissolved in 99.96% D2O. 'H-NMK spectroscopy (400 MHz)
was carried out on each component with a Varian Unity 400
spectrometer at 35"C, using methanol as a standard.

Preparation of a Crude Enzyme Extract of Porcine

Live)—Porcine livers were homogenized in 4 volumes of 10
mM Tris-HCl buffer, pH 7.4, containing 0.25 M sucrose
with an Ultra Turrax homogenizer (Ika-werk, FRG). After
centrifugation of 900 X^ for 10 min, the supernatant was
collected. Then an aliquot was centrifuged at 105,000 X g
for 2 h, and the pellet was resuspended in the homogenation
buffer.

Preparation of Crude Enzyme Extracts of Various Rat
Tissues and Cell Lines—Various rat tissues and cells were
homogenized in 4 volumes of 10 mM Tris-HCl buffer, pH
7.4, containing 0.25 M sucrose with an Ultra Turrax
homogenizer (Ika-werk). After centrifugation of 900 x g for
10 min, the supernatant was collected and used as a crude
enzyme preparation.

al-6FucT Assay—The standard incubation mixture for
the a 1 -6FucT assay contained the following components in
a final volume of 50 //I: 200 mM MES-NaOH buffer (vari-
ous pHs), 1% Triton X-100, 50 ^M GnGn-Asn-PABA, and
500 ^M GDP-Fuc. After a mixture had been incubated at
37'C for 2 h, the reaction was stopped by heating at 100'C
for 1 min. The sample was then centrifuged at 15,000 Xg
for 10 min, and 10 fi\ of the supernatant were used for
analyses. The product was separated by HPLC on a
TSK-gel ODS-80TM column (4.6 mmx 150 mm). Elution
was performed at 55'C with 20 mM acetate buffer, pH 4.0,
containing 0.1% butanol in an isocratic manner. The
fluorescence of the column elute was detected with a
fluorescence photometer (Shimadzu, model RF 535,
Tokyo), excitation and emission wavelengths of 320 and
400 nm, respectively. The amount of the product was
estimated from the fluorescence intensity. The activity of
the enzyme was expressed as pmol of fucose transferred/h.
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(A) GnGnF-bt-Asn-PABA

DsO

Anomerlc

CH3COOH

NAc Protons
5
5'

CH3 Protons

Fuc

5JO 4.7 44 4.1 19 15 1.1
ppm

(B) GnGn-bt-Asn-PABA

D2O

Anomerlc

CH3COOH

NAc Protons

5
5'

CHa Protons

47 4.4 4.1 Z3 19 15 1.1
ppm

(C) Enzymatic product of a1-6FucT; QnQnF-bl-Aan-PABA

D2O

Anomorlc

CH3COOH
NAc Protons
5
5'

CH3 Protons

F

5.3 5.0 4.7 4.4 4.1 2.3 1.9 1.5 1.1
Chemical Shift (ppm)

Fig. 4. A: The 'H-NMR spectra
of synthesized GnGnF-bi-Asn-
PABA (A) (upper panel) and
synthesized GnGn-bi-Asn-
PABA (B) (middle panel). An
enzymatic product (C) of porcine
brain <rl-6FucT showed the same
value aa synthesized GnGnF-bi-
Asn-PABA (lower panel). The
experimental details are given
under "MATERIALS AND
METHODS." The chemical shift
values of the proton (H-l, H-2)
and methyl proton (NAc, CH,)
signals are summarized in Table I.
B: Structural characterization
of GnGn-bi-Asn-PABA. Syn-
thesized GnGn-bi-Asn-PABA was
analyzed by ion splay mass spec-
trometry. Presumable molecular
weight of GnGn-bi-Asn-PABA
was 1,579.
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A Fluorescent Assay Method for al-GFucosyltransferase 389

Protein was determined with a Bio-Rad protein assay kit
(BCA kit), using bovine serum albumin as a standard.

Column Chromatography of al-6FucT—Concentrated
human serum was applied to a GDP-hexanolamine column
4B (5 mm X 50 mm) at room temperature, and then eluted
with 20 mM phosphate buffer, pH 7.0, containing 3 M KC1
in a linear gradient manner. Each fraction was examined
for the activity of <a-l-6FucT, as described above.

RESULTS

Structural Analysis of Synthesized GnGn-bi-Asn-PABA
and Synthesized GnGnF-bi-Asn-PABA—The spectra of
synthesized GnGn-bi-Asn-PABA and synthesized GnGnF-
bi-Asn-PABA are shown in Fig. 4A. The chemical shift
values of their amomeric proton and methyl proton signals
are summarized in Table I. In comparison with the signal of
GnGn-bi-Asn-PABA, typical signals of Fuc at S = 4.865
ppm (H-1) and tf= 1.195 (CH3) were observed in the
analysis of GnGnF-bi-Asn-PABA. The proton signal of
GlcNAc-2 shifted from tf=2.069 ppm to <? = 2.086 ppm on
the addition of Fuc at the C-6 position of GlcNAc-1. Mass
spectrometry yielded a major molecular ion signal at 790.3

TABLE I. Relevant 'H-NMR parameters of structural reporter
groups of constituent monosaccharides for GnGnF-bi-Asn-
PABA and GnGn-bi-Asn-PABA. Chemical shifts are given in ppm
in D2O (35"C) containing 0.1% TFA.

Reporter

group

H-1

H-2

CH,
NAc

Residue

GlcNAc-1
-2
-5
-5'

Man-3
-4
-4'

ffl-6Fuc
Man-3

-4
-4'

<rl-6Fuc
GlcNAc-1

-2
-5-5'

Chemical
GnGnF-bi-Asn-

PABA
5.052
N.D.
4.570
4.550
4.768
5.123
4.917
4.866
4.240
4.188
4.099
1.195
2.005
2.086
2.053

shift
GnGn-bi-Asn-

PABA
5.045
N.D.
4.567
4.547
4.765
5.120
4.915

—
4.237
4.185
4.098

—
1.999
2.069
2.050

N.D., not detectable.

B

in
c

s

100

75

50

[M+ZH)2+

790.3

i 25
cr

0
700

[M+H+Na]2+

801.3
|M+H+K)2+

809.3

I

II,....,

[M-G1CNAC+HI+

M-GlcNAc-Man+H]+ ' I M + H 1 +
1214.0

, J
1579.4

900 1100
Fig. 4B

1300 1500 1700

mass units for GnGn-bi-Asn-PABA (M.W. 1,579) (Fig.
4B).

Structural Analysis of Enzymatic Product of Porcine
Brain al-6FucT—To confirm the structure of the product
of a-l-6FucT from porcine brain, the reaction was per-
formed in a large scale, and the enzymatic product was
analyzed with a lH NMR spectrophotometer. This indicated
that a-l-GFucT of porcine brain catalyzes the transfer of 1
mol of fucose to 1 mol of GnGn-bi-Asn-PABA. The chemi-
cal shift value of the enzymatic product on 'H NMR analysis
was the same as that of synthesized GnGnF-bi-Asn-PABA
(Fig. 4A). The enzymatic product gave two typical signals
of fucose at tf = 4.864 ppm (H-1) and d-1.193 ppm (CH,).

alSFucT Assay—A typical elution pattern of the reac-
tion product of <rl-6FucT is shown in the upper panel of
Fig. 5. The elution times of the substrate and product were
12.1 and 22.0 min, respectively. The elution pattern of the
product is the same as that of authentic GnGnF-bi-Asn-
PABA (lower panel of Fig. 5). Reaction mixtures without
GDP-Fuc gave no enzymatic product (middle panel of Fig.
5). Treatment of the enzymatic product (al-6FucT of

(A) With GDP-Fuc

substrate

product

(B) Without GDP-Fuc

(C) Synthesized GnGnF-bi-Asn-PABA

10 20 30
Retention Time (min)

Fig. 5. A typical HPLC elution pattern for enzymatic product
on HPLC. The PABA-labeled oligosaccharide and porcine microsomal
fractions were reacted with GDP-Fuc (upper panel) or without GDP-
Fuc (middle panel) for 2 h, and then subjected to HPLC. Synthetic
GnGnF-bi-Asn-PABA was also shown in a lower panel. The proce-
dures are described under 'MATERIALS AND METHODS."
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(B) After fucosidase digestion for one day

o
if

atr

(A) Before fucosidase digestion

(C) After fucosidase digestion for seven days

(D) Synthesized GnGn-bi-Asn-PABA

10 20 30
Retention Time (mln)

Fig. 6. Effect of a-fucosidaae on the product of al-6FucT of
porcine brain. The product of al-6FucT was collected and digested
with bovine kidney a-fucosidase. Samples before (A) and after (B, C)
a -fucosidase digestion were subjected to HPLC. After 7 days (C)
digestion, the product of <rl-6FucT was completely digested. The
elution patterns of authentic GnGn-bi-Asn-PABA (D) are also shown.

porcine brain) with a -fucosidase of bovine kidney altered
the elution pattern on HPLC. In comparison with the
retention time of the authentic standard, the additional
component appearing with a concomitant decrease in the
al-6FucT product was identified as GnGn-bi-Asn-PABA
(Fig. 6). The optimum pH of o-l-6FucT in microsomal
fractions of porcine liver was 5.6, those of a 1-6 FucT in rat
liver, brain, spleen, and serum being 5.5, 7.0, 6.5, 7.0,
respectively (Fig. 7).

Suitable Assay Conditions for al-6FucT of Liver—To
determine suitable conditions for «l-6FucT activity of
liver, the porcine liver microsomal fractions were incubat-
ed under various conditions, but the pH of the reaction
mixture was fixed at 5.6. The enzyme reaction was linear
with time for at least 120 min. The «l-6FucT activity was
proportional to the enzyme protein concentration over the
range tested. The velocity of the enzymatic reaction

PH
Fig. 7. Effects of pH on the al-6FucT activity of porcine liver
(A), and various rat tissues (B). Incubation was performed at 37'C
for 2 h. The pH values were obtained in 250 mM acetate/NaOH (pH
4.0-6.2), Mes-NaOH (5.6-7.0), and Tris/HCl (7.1-8.5) buffer.

TABLE II. Activities of al-6FucT in rat liver, hepatomas, and
ascites hepatoma cell lines. The values represent mean ± SD for 3-
5 samples.

Tissues and cell lines Activities (pmol/h/mg protein)

Rat liver
Normal
Fetal liver (19 days)
DAB-induced hepatoma (21 weeks)

Hepatoma cell lines
AH-66
AH-130

15.6±4.5
10.2±3.9
42.9±7.9

22.1±2.3
150.5±21.0

changed according to the concentration of the PABA labeled
glycopeptide (Fig. 8). The apparent iCn values for GnGn-bi-
PABA and GDP-Fuc were 17.4 and 46 ^M, respectively.
The »l-6FucT activities of various rat liver tissues were
determined as described under "MATERIALS AND METHODS."

alSFucT Induced in Hepatoma Cells—'Normal rat liver
showed one of the lowest activities of <arl-6FucT among
various rat tissues (data not shown), and it is presumed that
induction of <*l-6FucT activity cause a remarkable change
in the structure of the oligosaccharides on the cell surface.
The activities of various rat liver tissues such as fetal liver,
DAB induced hepatomas and ascites hepatoma cell lines
AH-66 and AH-130 are shown in Table II. al-6FucT
activity was markedly elevated in all hepatoma tissues,
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0 60 120

Incubation Time (min)

o

a.

^ Protein Concentration (ug)
a>
2

400

Substrate (uM)

Fig. 8. Kinetics of al-6FucT of porcine liver. The conditions for
the enzyme reaction are as given in the text with the following
modifications; A, effect of reaction time; B, effect of enzyme concen-
tration; C, effect of substrate concentration.

especially in hepatoma cell line AH-130, as compared to
that in normal adult liver (Table II).

Column Chromatography of Serum al-6FucT—Using
this assay, human serum a 1 - 6FucT activity was detected in
fractions from a GDP-hexanolamine Sepharose 4B column,
as described under "MATERIALS AND METHODS." The elution
profile revealed that o-l-BFucT of human serum binds
tightly to this column and the majority of total protein
loaded was eluted in the pass-through fractions (Fig. 9).
This step is effective for the purification of al-6FucT, and
the assay method described in this report was found to be
a powerful tool for the purification of serum type al-
6FucT.

DISCUSSION

Fluorescence labeling of the reducing end of a sugar with
2-aminopyridine has become a useful method for carbo-
hydrate structure analysis of glycoproteins, especially N-
linked oligosaccharides (20, 21). This is because of the ease
of both the detection and separation of PA-sugars in HPLC
analysis. It has been reported that the PA-sugars reported
by Hase et al. (19, 22) can also be used as substrates for
glycosyltranferases, which catalyze iV-linked type complex
sugar chains (16-18, 23, 24). ThePA-sugar, GnGn-bi-Asn-
PABA, GlcNAc/Sl-2Manffl-6(GlcNAcy91-2Mana-l-2)
Man/?l-4GlcNAc/?l-4GlcNAc-PA, was a powerful tool for
purifying glycosyltransferases such as GnT-HI and GnT-V
(25, 26). But this PA-sugar cannot be used as a substrate
for the enzymes which recognize its reducing end, because
of the destroyed structure of the reducing end GlcNAc. In
order to keep the reducing end GlcNAc intact, a new
fluorescent component, 4-(2-pyridylamino)butylamine
(PABA), was employed in the preparation of a fluorescent
glycopeptide.

The difficulty in assaying the activity of <zl-6FucT is due
to the following reasons. First, an ordinary method requires
the radio-labeled GDP-Fuc and lectin chromatography to
isolate the enzymatic product (5), and the procedure is
complicated and takes much more time than a procedure
that involves a fluorescence labeled oligosaccharide. Sec-

|
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Fig. 9. Elution profile of al-6FucT of
human serum on a GDP-hexanolamine
column (5 mm X 50 nun), linear gradient
elution (the starting point is indicated by
an arrow) with 20 mM phosphate potas-
sium buffer, pH 7.0, containing 3.0 M KCI
being performed.
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ond, although <a-l-6FucT requires the pyranose structure of
the reducing end GlcNAc, an ordinary glycopeptide labeling
method, such as the 3H labeling method, requires the
reduction of the oligosaccharides, and in the case of N-
linked oligosaccharides, the reducing end GlcNAc structure
is destroyed on reduction. Third, it is difficult to isolate
fucose-containing oligosaccharides from non-containing
ones except for the analysis of pyridylamination (27, 28).

Optimum pHs of al-6FucTs of various rat tissues are
different from each other (Fig. 7). tfl-6FucTfromahuman
fibroblast cell line required the Mg2"1" cation, and did not
bind to a GDP-hexanolamine column (6). However, al-
6FucT of human serum required no cations for its activity
(data not shown), and bound tightly to a GDP-hexanolamine
column (Fig. 9). <zl-6FucT in rat liver has an optimum pH
of 5.6. On the contrary al-6FucT in rat brain has an
optimum pH 7.0 (Fig. 7). These results suggest that at least
two kinds of al-6FucTs might exist and that al-6FucT
gene families may exist like the «l-3FucT and sialyltrans-
ferase families {29, 30). To solve this, cloning of the
al-6FucT gene is essential. The present method involving
PABA-labeled oligosaccharide has become a powerful tool
for the purification of <*l-6FucT.
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