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Using sialyl-methylumbelliferyl e-glycoside as substrate, sialidase in horse liver was detected as a membrane-bound
enzyme. A yield of about 50% of sialidase activity was found in supernatant when solubilized in 0.1 M sodium-phosphate
buffer pH 5.5, containing 0.15M NaCl, 0.25 M sucrose, and 0.5% Triton X-100. Sialidase in the solubilisate could be
activated by incubating in acidic pH at 37 °C. Incubation of this solubilized enzyme at 37 °C for 1.5 h at pH 5.0 led to 10%
increase of activity and to the precipitation of about 50% of contaminating protein. Using cation-exchange chromatogr a-
phy on S-Sepharose FF and affinity chromatography on p-aminophenyl oxamic acid-agar ose following solubilization and
activation, about 6% of total sialidase activity was recovered with the purification factor of about 500. The pH and
temperature optimum were measured at pH 4.3 and between 37-45 °C, respectively. Neu5Ac2en was a strong inhibitor,
while p-aminophenyl oxamic acid had only a weak inhibitory effect.

INTRODUCTION

Sididases(EC 3.2.1.18) play animportant rolein metabolism
of sialic acid, an amino sugar with pyranose structure and 9-
atom carbon and posseses a negative charge due to the
carboxyl group at C-atom 1. It catalyzesthe release of the o-
glycosidically bound sialic acids from terminal sialo-
oligosaccharides, gangliosides, or sialo-glycoproteins
(Corfield & Schauer 1982). In eucaryotic cells, sialidase can
befound in almost all of subcellular components, i.e. cytosol,
intra-lysosomes and lysosomes (Miyagi et al. 1992), nuclear
membrane (Saito et al. 1996), and Golgi membrane (Kishore et
al.1975).

Purification of sialidase, in particular lysosomal sialidase,
was proven difficult because it usually was associated with
B-galactosidase (EC 3.2.1.23), carboxypeptidase A
(EC 3.4.16.1), and N-galactosamin-6-sulfate sulfatase
(EC 3.1.6.4) sulfatase, besides this enzyme was also
membrane-bound characteristic and less stable if it was
separated from the membrane (Pshezhetsky & Potier 1996).
Some lysosomal sialidases can be activated in vitro by
incubating glycoprotein fraction in acidic buffer at 37 °C
for 1-2 hours. The endogenous protease activities were
believed to involve in the activation phenomenon of the
sialidase (Hiraiwaet al. 1993).

Inthe case of sialidase, acetylation of the hydroxyl group
at C-4 of the substrate molecule (sidic acid) was shown to
block most of the enzyme activity except for some virus
sididases (Kleineidam et al. 1990). Therefore, itisinteresting

*Alamat kini: Laboratory of Chemistry and Biochemistry,
Agricultural Faculty of Mulawarman University, Jalan Tanah Grogot,
Samarinda 75123

*Penulis untuk korespondensi, Tel. +62-541-749347,

Fax. +62-541-738341, E-mail: kcandra_99@yahoo.com

to understand the sialic acid metabolism (catabolism) of
outstanding sialic acids like O-acetylated sialic acid. The
finding that horse liver sialidase was unable to hydrolyse
Neu4,5Ac,, even though high levelsof Neu4,5Ac, are present,
leads the first report for the existence of esterase in horse
liver, which is involved in the 4-O-acetylated sialic acid
catabolism (Schauer et al. 1988).

Studying sialidase from horse liver is still interesting
because sialidase, in particular, lysosomal sialidase has not
been characterized. The protein component of lysosomal
sialidase following purification performed by some groups
still cannot elucidate the catalytic subunit of this protein
(Hiraiwaet al. 1996). | solation, purification, and determination
of factors affecting horse liver lysosomal sialidase activities
need to be conducted in order to further investigate the
properties of thisenzyme. Thisreport described localization,
isolation and activation of lysosomal horse liver sialidase.

MATERIALSAND METHODS

Enzymeand Protein Assays. Sidlidaseand f-galactosidase
were assayed as procedure described by Potier et al. (1979)
using MU-Neu5Ac in acetat buffer pH 4.3 and MU-Gal in
acetate buffer pH 4.0, respectively. N-acetylgal actosamine-6-
sulfate sulfatase was assayed using MU-Gal-6-S as described
by Pshezhetsky and Potier (1996). The protein content was
determined using spectrophotometer at 280 nm or by the
Bradford method (Bradford 1976).

L ocalization of SialidaseActivity. The homogenate of 65 g
frozen horseliver was centrifuged at 100,000 g for 60 minutes
following homogenizationin 240 ml water with an ultraturrax
(3 x 1 minute) and homogenization for 10 strokes in Potter-
Elvehjem apparatus.



88 CANDRA ETAL.

Solubilization of Sialidase. A 0.5 ml of membrane
preparation of 20 mg/ml protein concentration was added to
an Eppendorf cap (end protein concentration was 10 mg/ml),
to it some other reagents such as water, buffers (acetate and
phosphate), detergents (Triton X-100, cholic acid, and
taurocholic acid) and sucrose were added. This mixture was
first mixed well and after that salt (NaCl or KCI) was added.
The end volume of this solution was 1 ml, where end
concentration of each substance in the buffer showed in
legend of Figure 1 and 2. The solution was then shaken gently
at 4°C, and after 1 hwas ultra-centrifuged. Sodium phosphate
buffer of 0.1 M pH 5.5 containing 0.15M NaCl, 0.25 M
sucrose, and 0.5% Triton X-100 (buffer A) was applied for
further experiment.

Activation. The 100,000 g supernatant (solubilisate) of
membrane fraction following solubilization wastitrated with
2 M HCI in order to obtain pHs between 4.8 and 5.6, the
suspension wasthen incubated at 37 °C. After agiventime of
incubation, the suspension was centrifuged at 12,000 g for
30 min. Three incubation times of 1, 1.5, and 2 hours were
observed. As a control, suspension with pH of 5.6 was also
incubated on ice.

I solation and Purification of Sialidase. All isolation and
purification procedures were carried out at 4 °C unless
otherwise specified.

Solubilization and activation of sialidase: Aproximately
65 gramsof frozen horseliver washomogenized 3 times, each
for 1 minin 240 ml cold water with an Ultraturrax and then
centrifuged at 100,000 g for 1 hour to obtain araw membrane
preparation (pellet). The pellet was solubilized in buffer A
using a Potter-Elvehjem apparatus (10 strokes) and then
centrifuged at 100,000 g for 1 hour. The solubilisatewastitrated
with 2 M HCI to pH 5.0 and incubated at 37 °C for 1.5 hours
followed by centrifugation at 12,000 g for 30 minutes. The
activated soluble sialidase was dialyzed over night against
10 mM sodium phosphate buffer pH 5.0 (buffer B).

Cation-exchange chromatography on S-Sepharose FF: The
dialyzed sample described in step 1 wasapplied at aflow rate
of 1 ml/mintoa50 ml S-Sepharose FF column (3.5x 5.2 cm)
that had been equilibrated with buffer B. The column was
washed with 150 ml buffer B, followed by washing with 150 ml
0.3 M sodium phosphate buffer pH 5.0 and then again with
150 ml buffer B. The sialidase was then eluted using a
concentration gradient of 300 ml sodium phosphate buffer
pH 7.0 from 10 to 500 mM. The sialidase was €eluted at the
phosphate buffer concentration of about 200 mM, whereby
5 mi-fractionswere collected. The sialidase positivefractions

Table 1. Distribution of the sialidase activity in horse liver
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were pooled and dialyzed over night against 10 mM sodium
phosphate buffer pH 5.5 (buffer C).

Affinity chromatography on PAOX-agarose: Thedialyzed
sample described in step 2 was added with MnCl, and CaCl,
to get afinal concentration of the divalent cations of 1 mM,
and was then applied at a flow rate of 0.5 ml/minto a7 ml
PAOX-agarose column (1.4 x 4.5 cm) that had been equilibrated
with buffer C containing 1 mM of MnCl, and CaCl, (buffer D).
The column waswashed with 50 ml of buffer D. The siaidase
was eluted by shifting the pH and concentration with
bicarbonate buffer (NaHCO,) pH 9.1 using a concentration
gradient of the buffer (80 ml) between 10 and 300 mM, and
4 ml-fractions were collected. Four ml of 300 mM sodium
phosphate buffer pH 5.0 was added to each fraction prior the
elution started to adjust the basic eluate to a pH-value of
about 6.0. The fractions containing sialidase activity were
pooled and dialyzed over night against buffer B, and used for
characterization for temperature-, pH-optimum and inhibitory
effects.

RESULTS

L ocalization of Sialidase. About 20-30% of total sialidase
activity wasfound in supernatant while the main activity was
detected in the pellet fraction (Table 1). Theoretically, the
enzyme activity found in the supernatant after ultra
centrifugation should be a soluble enzyme, however the
sialidase activity from the supernatant could be totally
pelleted after re-ultra-centrifugation for 60 minutes. These
results strongly suggest that the sialidase in horse liver is a
membrane-bound enzyme, or alarge soluble complex.

Solubilization of Sialidase. The effective of kinds of
solubilization buffers to bring the sialidase activity in the
supernatant is presented in Figure 1. In phosphate buffer
system, about 20% of the sialidase activity could befoundin
supernatant following solubilization, thiswasincreased to 30
and 35% with addition of 0.15 M NaCl and 1% Triton X-100,
respectively. The sialidase activity found in the supernatant
wasincreased of approximately 45% with addition of 0.15 M
NaCl and 1% Triton X-100 in the phosphate buffer. In the
acetate buffer system about 5% of the sialidase activity could
be solubilized from membrane preparation of horseliver, this
wasincreased to 25% with the addition of 0.15 M NaCl. Fifteen
percent of the sialidase activity wasrecovered with the addition
1% Triton X-100, and 40% when 0.15 M NaCl and 1% Triton X-
100 were added. Other detergents i.e., cholic acid and
taurocholic acid, showed the same effects on solubilization
of sialidase as Triton X-100 being used. Potassium chloride

Total sialidase activity? Specific activity of the

Homogenization in water

% sialidase (WU/mg protein)
Homogenate 128 + 10 100 40 + 6
After centrifugation at 100,000 g for 60 minute
Supernatant fraction 23 + 2 18 13+2
Pellet fraction 82+8 64 59 + 4

Mean + SD from 5 separate experiments, 2Sialidase was assayed with MU-NeuSAc at 37 °C for 1 h, *Activity was absent in supernatant after a

second ultra-centrifugation step



Vol. 12, 2005

0.1 M Rodivm PhosphatapH 5.5
01 M Sodiven Phosphate buyffer pH 6 0 cortaivang

SOLUBILIZATION, ACTIVATION AND PURIFICATION HORSE LIVER SIALIDASE

89

20

(.15 M NaCl
e

L% T ton X100

]

.15 MMNaCl, 1.0% Taton X-100

015 MNaCl, 0.25 M sperse 1.0% Taton X-100

0153 M NaCl, 023 M sverose, 0.5% Taton X-

0.1 M 2 odivm Acstat pH 3.5
O M Sodivm dccgate byffer pH 60 corg@ning,

0.15 MNaCl

L.0%% T on X100

n
a1 X-100

C 13 MNaCl, 1.0% Taton

(.15 M MaCl, 0.25 M Sveroee 1.0% T ton X-100

0.15 M MaCl, 0.25 M Sveroee 00.3% Toton X-100

128
135
145
152
148
— 17
124
14
139
152
147
T T T T T 1
0 10 20 30 40 50 60

Percentage of sialidase activity in solubilisate

Figure 1. Sialidase activity found in solubilisate following 100,000 g centrifugation of enzyme solution in different solubilization buffers
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Figure 2. Specific activity of sialidase found in solubilisate following 100,000 g centrifugation of enzyme solution in different solubilization

buffers.

and NaCl of the same concentration showed the same effect
on solubilization of sialidase.

Itisvery important to see the specific activity of sialidase
in solubilisate because the highest specific activity will lead
the easier purification step, however theyield isa so become
consideration. The specific activity of sialidase solubilized
was outlined in Figure 2.

Activation of Sialidase. The sialidase activity detected
prior to centrifugation at 12,000 g (solubilisate) increased by
approximately 10% upon incubation at 37 °C, pH 5.0 (Figure
3a). Removal of precipitated proteins via centrifugation
resulted in a slight loss of activity in the soluble fraction
(Figure 3b), however an increase in specific activity of
approximately 50% was obtained (Figure 3c). Incubation of
the soluble sialidase suspension at pH 5.0, 37 °C for 1.5 hours
showed the best activation condition for this sialidase. In
this step the sialidase activity was increased by about 50%
over the solubilisate with a purification factor of 1.4 and a
yield of about 40% against solubilisate.

Purification of Sialidase. In cation-exchange
chromatography step, washing with 0.3 M phosphate buffer
pH 5.0 increased the purification factor to about 2-fold in
comparison to when the wash was omitted. After this step
the sialidase was purified with purification factor of about 78
and yield of 9%. On the other hand, addition of concentrated

phosphate buffer pH 5.0 onto eluate of affinity
chromatography was very effective and easier to handle to
keep the eluate at pH around 6.0 than the method described
beforein Cuatrecasasand Illiano (1971). The chromatogram
of sialidase and B-galactosidase activity following affinity
chromatography on PAOX-agaroseisshownin Figure 4. The
B-galactosidase detected in this purification step was eluted
earlier than sialidase and the both enzymes were found to be
separate. Thisfinding suggeststhat the sialidase isolated did
not occur as an enzyme complex with B-galactosidase.
Following thispurification with PAOX-agarose, apurification
factor of 500 and yield of 6% for the sialidase were resulted
(Table?2).

Temperatureand pH Optimum. Thetemperature optimum
of the sialidase activity was detected between 37-45 °C and
the pH assay optimum was detected at 4.3 (Figure 5).

Inhibition on SialidaseActivity. Theinhibitory effect on
sialidase activity by p-aminophenyl oxamic acid (PAOX) and
Neu5Ac2en can beseenin Figure 6. PAOX wasfoundtobea
moderateinhibitor, with about 20 and 40% i nhibition occurring
at PAOX concentration at 1 mM and 5 mM, respectively.
Neu5Ac2en, on the other hand, is a strong inhibitor of
sialidase, with about 70% of sialidase activity being inhibited
by the addition of 0.1 mM Neu5Ac2en. At NeubAc2en
concentration of 1 mM only 5% of siaidase activity remained.
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Figure 3. Activity and specific activity of sialidase of solubilisate
following activation by incubating at 37 °C for 1.5 h.
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Table 2. Purification of sialidase
; Protein Specific activity Purification
Fractions Y %
(mg) (u U/mg) ield (%) factor
Solubilisate 8401 15 100 1.0
“Activation” 2494 21 41 14
S-Sepharose FF 10 1,163 9 78.0
PAOX-agarose 1 7,441 6 500.0
a 324 4
g 018
2
= 0.16 -
25 30 37 45 35
Tamperatures assay {TC)
b 0.30 q
_; o -
o (.10
?:: LUS TR
35 40 41 42 43 45 530 535 &0
pH azzaw
Figure 5. Influence of temperature and pH to the sialidase activity.

Control of pH value was stated with asterisk, solubilisate
incubated on ice for 1.5 h. a. Sialidase activity of activated
solubilisate, b. Sialidase activity found in supernatant following
12,000 g centrifugation for 30 min. of activated
solubilisate, c. Specific activity of sialidase found in
supernatant following 12,000 g centrifugation for 30 min.
of activated solubilisate.
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Figure 4. Chromatogram of sialidase and p-galactosidase activity

following affinity chromatography using PAOX-agarose.
Percentage of enzyme activity in each fraction was
calculated on the base of enzyme activity in the original
sample of (enzyme pool following ion-exchange using S-
Sepharose FF), 27.957 mU of sialidase activity and 3.368
mU of B-galactosidase activity.

a. temperature experiment, b. pH experiment.
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Figure 6. Influence of inhibitors to the sialidase activity.

DISCUSSION

Using MU-Neu5A c asasubstrate, in this study, we found
that sialidasefrom horseliver wasamembrane-bound enzyme.
Thisdatawas agreed with the sialidase from other mammalian
tissues with the exception of rat sialidase, which was also
found as a soluble form (Miyagi & Tsuiki 1986). One of the
critical steps in this purification was solubilization. When
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considering approaches for the solubilization of membrane-
bound proteins attention must be given not only to detergents
but also to the use of salts and high ionic strength buffers
such as phosphate buffer (Schagger 1994). In this study, for
example, we observed that the solubilization of sialidase
activity from membrane preparation of horseliver was, in many
cases, solubilization effects of NaCl on sialidase was better
than detergents. This was observed not only in the case of
Triton X-100 but also for cholic acid or taurocholic acid. The
concentration of NaCl usually used to solubilize membrane-
bound proteinsisaround 150 mM, however before using this
saltitisimportant to check itsinhibitory effect onthe enzyme
in question, because Na* may inhibit the activity (Tulsiani &
Carubelli 1970). KCl isanother aternative, which can be used
in solubilization experiments.

The addition of sucrose in solubilization buffers can also
be used to reduce the detergent concentration required to
solubilize membrane-bound enzymes. Sucrose can also
stabilize membrane-bound enzymes in solutions as has been
shown for glycerol (Schéagger 1994). The action of sucrosein
reducing the amount of detergent required was al so observed
for the solubilization of sialidasefrom horseliver in thisstudy.

A mild activation of sialidase activity in soluble fraction
was observed when the solubilisate was incubated under
acidic pH conditions at 37 °C for about 1.5 h. Thisactivation
maybe caused by the endogenous protease activities in the
soluble fraction as described before that |eupeptin inhibited
the activation of siaidase from the crude glycoprotein fraction
of human placenta(D’ Agarosa& Callahan 1988). Thisinvolve
of protease was clearly understood when the purified
sialidase-3-gal actosidase-carboxypeptidase A could not be
activated in acidic pH after incubated at physiological
temperature for 90 minutes unless cathepsin C was added
and this activation was also inhibited by leupeptin. This
activation by protease seems to be involved in the
physiological function in the lysosome. However, sialidases
of sometissues could not be activated with this method such
ashovine, chicken, rat, and rabbit liver sialidases (Hiraiwaet
al. 1993).

|on-exchange chromatography is frequently used as the
first step in enzyme purification becauseit givesahigh degree
of purification, even from crude extracts, and can be used
easily for membrane-bound enzymes. The“ classical” first step
in purification, ammonium sulfate precipitation, however, is
difficult to be used for membrane proteins because in many
cases the protein remains insoluble following this method,
even when the ammonium sulfate is removed. However,
ammonium sulfate together with detergents, such as cholic
acids, can be used in the purification of membrane-bound
proteins (Schagger 1994). In this study, ammonium sulfate
with 1.6% cholic acid wastrialed, but the protein containing
sialidase activity was pelleted and remained insoluble after
theremoval of ammonium sulfate, even the washed pellet was
resuspended in phosphate buffer containing 50 mM NaCl. It
may be possible that an irreversible change on the
conformation of the sialidase during ammonium sulfate
precipitation caused the insolubility of the sialidase.
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During the purification of sialidase using cation-exchange
chromatography on S-Sepharose FF, we observed that
sialidase activity bound very tightly to the beads and could
not be eluted even with 2 M NaCl in 10 mM phosphate buffer,
pH 5.5. However, sialidase activity could be successfully
eluted only when a concentrated phosphate buffer at pH 7.0
was used. An elution method using phosphate buffer
containing 50 mM citrate was also trialed but wasfound to be
unsuccessful, even though this elution method was
successful in the case of sialidase from Trypanosoma brucel
(Engstler etal. 1992).

The affinity chromatography medium PAOX-agarose was
successfully used in this study for the purification of horse
liver sialidase. According to Cuatrecasas and Illiano (1971)
Vibrio cholerae sialidase bound to this column could be eluted
using NaHCO, buffer, pH 9.1. We were also able to elute
sialidase activity using thiselution method, however, instead
of using 0.1 M HCI to lower the pH of the eluent, we used
0.3 mM phosphate buffer, pH 5.0. Thismethod allowed abetter
recovery of sialidase activity, aswell asbeing easier and more
reproducible.

There weretwo major -galactosidaseisozymesreported
inhuman tissue, a f-galactosidase A, whichisoptimally active
between pH 3.5 and 4.5 and localized in lysosomes and the
second one, which isoptimally active near pH 6.5 and referred
toas“neutral” B-galactosidase (Shows et al. 1979). In horse
liver homogenate, -gal actosi dase activity was detected with
pH optimum at 6.0. Amazingly, the 3-gal actosi dase obtained
after PAOX-agaroseisan acid -galactosidase, which hasan
optimum pH at 4.0. To elucidate the possibility whether a
sulfatase also occurs as enzyme-complex with sialidase-f-
galactosidase-carboxypeptidase A as shown in Pshezhetsky
and Potier (1996), aN-acetylgal actosamine 6-sul fate sul fatase
test was performed. The sulfatase activity was not detected
in the sialidase positive fractions following affinity
chromatography on PAOX-agarose, however it wasfound in
the homogenate of horseliver (inwater). Thesialidase positive
fraction wasfirst dialyzed against acetate buffer prior sulfatase
test because phosphate inhibited its activity.

On the other hand, the evidence that lysosomal sialidase
did not occur as enzyme complex with -galactosidase was
also reported, even the sialidase was co-purified with
B-galactosidase, both enzymes can be separated and the
sialidaseremained to beactive (Yamamoto & Nishimura1987).
This evidence is perhaps also facing for the lysosomal
sialidase isolated from this horse liver, aswas shown that 5-
galactosidase activity could be separated from sialidase.

The acidic optimum pH of the sialidase i solated suggests
that thissialidaseisalysosomal enzyme, sinceit hasasimilar
pH optimum (4.3) to lysosomal sialidases previously reported
(Hiraiwa et al. 1997), as well as the fact that the pH of
lysosomes themselves is between 4.5 and 5.0 (Koolman &
Rohn 1994).

NeuSAc2enisastrong inhibitor for the enriched sialidase.
This strong inhibitory effect has also been shown for other
sialidases (Miyagi et al. 1993), however, is less effective
towards the sialidase of T. brucei (Engstler et al. 1992).
Michalski et al. (1986) showed that for human liver sialidase
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Neu5Ac2en possessed different inhibitory characteristics
depending on thetype of substrates being used. For example,
it did not inhibit sialidase when fetuin was the substrate, but
was a strong inhibitor when 115Neu5-AcLac was used as
substrate. On the other hand, p-aminophenyl oxamic acid
(PAOX) isonly moderateinhibitory for the sialidaseisolated,
this is unlike the sialidases from T. brucei (Engstler et al.
1992) and V. cholerae (Engstler et al. 1994) which were
strongly inhibited by PAOX. However, PAOX is not an
inhibitor for rat sialidases (Miyagi et al. 1993).
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