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Values of K,, were determined for three purified sialyltransferases and the corresponding recombinant
enzymes. The enzymes were Galpl-4GlcNAc o2-6sialyltransferase and Galf1-3(4)GicNAc a2-3sialyltrans-
ferase from rat liver; these enzymes are responsible for the attachment of sialic acid to N-linked oligosac-
charide chains; and the Galf1-3GalNAc a2-3sialyltransferase from porcine submaxillary gland that is
responsible for the attachment of sialic acid to O-linked glycoproteins and glycolipids. A procedure for the
large scale expression of active sialyltransferases from recombinant baculovirus-infected insect cells is
described. For the liver enzymes values of K, were determined using rat and human asialo,, acid glycoprotein
and N-acetyllactosamine as variable substrates; lacto- N-tetraose was also used with the Galf1-3(4)GlcNAc
o2-3sialyltransferase. Antifreeze glycoprotein was used as the macromolecular acceptor for the porcine
enzyme. Values for K, were also determined using CMP-NeuAc as the variable substrate.
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Abbreviations: NeuAc, N-acetylneuraminic acid; Gal, galactose; GlcNAc, N-acetylglucosamine.

Enzymes: Galp1-4GIcNAc a2-6sialyltransferase, EC 2.4.99.1; Galp1-3(4)GlcNAc a2-3sialyltransferase, EC

2.4.99.5; GalB1-3GalNAc a2-3sialyltransferase, EC 2.4.99 4.

Introduction

The sialyltransferases constitute a group of enzymes that
are capable of adding sialic acid to terminal positions of
oligosaccharide chains of glycoproteins and glycolipids.
The nucleotide sugar CMP-NeuAc acts as the donor for
all of these enzymes. The sialyltransferases are highly
specific recognizing the sequence of the oligosaccharide
acceptor substrate and the anomeric linkage of the sugar
to which it is attached. Several sialyltransferases have
been isolated, characterized, and in some cases purified
to homogeneity [1-11], and the c¢cDNA cloning and
expression of many of these enzymes have been reported
recently [12-29]. Of the sialyltransferases which have
been purified to homogeneity, only three have also been
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expressed from recombinant sources in large quantities.
These enzymes are the Galf1-4GlcNAc o2-6sialyltrans-
ferase of rat liver [11, 22, 30] which forms the terminal
NeuAca2-6Galf1-4GIcNAc structures on N-linked gly-
coproteins; the GalB1-3(4)GIcNAc a2-3sialyltransferase
of rat liver [29] which attaches sialic acid to either
GalB1-4GlcNAc or Galf1-3GIcNAc to form terminal
NeuAca2-3GalB1-3GlcNAc or NeuAca2-3GalBl1-4Gle-
NAc structures on N-linked glycoproteins, and the
GalB1-3GalNAc a2-3sialyltransferase from porcine sub-
maxillary glands [14]; this enzyme adds sialic acid in a2-3
linkage to GalB1-3GalNAc terminal positions on O-
linked glycoproteins or glycolipids.

As more glycosyltransferases derived from recombi-
nant sources will become available in the future, it was of
interest to make a direct comparison of the kinetic
properties of the recombinant sialyltransferases men-
tioned above to the corresponding native enzymes. We
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report here the results of these studies using macro-
molecular and oligosaccharide acceptors and CMP-
NeuAc as substrates.

Materials and methods

MATERIALS

CMP-[4,5,6,7,8,9-1*C] NeuAc (247 mCimmol ') was ob-
tained from New England Nuclear Corp., Triton CF 54,
lacto-N-tetraose and N-acetyllactosamine were from
Sigma Chemical Co., St Louis, MO. Human «; acid
glycoprotein was a gift from K. Schmidt, Boston Univer-
sity School of Medicine, rat o, acid glycoprotein was
prepared as previously described [31]; sialic acid was
removed from the human protein by treatment with
neuraminidase as before [6] and from the rat protein by
hydrolysis with dilute acid as described previously [31].
Native GalpB1-4GlcNAc o2-6sialyltransferase and Galpl-
3(4)GlcNAc a2-3sialyltransferase were prepared from rat
liver by Weinstein ef al. [32], and were stored in 50 mm
cacodylate, buffer, pH 6.0, in the presence of 50%
glycerol at —20°C. Native Galp1-3GalNAc a2-3sialyl-
transferase from porcine submaxillary glands was pre-
pared by Sadler et al. [7], and was stored as above;
antifreeze glycoprotein was the substrate for this enzyme;
this was anti-freeze glycoprotein 3 [33]. Recombinant
enzymes were the secreted forms of the Galf1-4GIcNAc
a2-6sialyltransferase [34], the Galf1-3(4)GlcNAc a2-
3sialyltransferase [14], and the GalB1-3GalNAc a2-
3sialyltransferase [29].

EXPRESSION AND PURIFICATION OF THE
Galp1-3GalNAc a2-3STALYLTRANSFERASE

Galp1-3GalNAc «o2-3sialyltransferase was expressed in
large quantities using a recombinant baculovirus expres-
sion system. A DNA fragment containing the untransl-
ated and coding sequences for the insulin signal/catalytic
domain chimeric protein was produced from the vector
pSVL-spST [14] by PCR employing amplimers containing
terminal Nhe 1 sites:

5’ primer:
5'-GGGCTAGCATGGCCCTCTGGATGCG;

3’ primer:
5'-CCGCTAGCTCATCTGCCCTTGAAGATCC.

The resulting DNA was digested with Nhel, and the
fragment was cloned at the unique Nhel site in pBlue-
Bac, a baculovirus expression system transfer vector,
under the control of the baculovirus polyhedrin promoter
(Invitrogen; San Diego, CA). The nucleotide sequence
of the insert DNA was determined, and was found to be
identical to the original template DNA. All recombinant
DNA manipulations were performed under the condi-
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tions recommended by the enzyme manufacturers’ in-
structions using standard protocols [34]. Creation of
recombinant baculovirus was done using the MaxBac
expression system (Invitrogen) following exactly the
protocols recommended by the manufacturer, as de-
scribed previously [35]. Briefly, Sf-9 insect cells were
co-transfected with the transfer vector and wild type viral
DNA, and the resulting mixture of wild-type and recom-
binant virus was shed into the culture medium. Recombi-
nant viruses were isolated by repetitive plaque purifica-
tion at limiting dilution and analysed by sialyltransferase
assays. One clonal plaque was chosen for high levels of
secreted enzyme, designated rBv2,30ST, and was
expanded to 500 ml by infection of fresh Sf-9 cells. Large
amounts of sialyltransferase were produced by infecting
S{-9 cells in monolayer culture with the recombinant
virus. Medium was removed from confluent cells, the
number of cells was estimated, and fresh medium con-
taining five plaque forming units per cell was added.
After 1h, the inoculum was removed, fresh medium was
added, and the culture was returned to the incubator.
Typically after 72h, =25U of sialyltransferase had
accumulated per litre of medium. The medium was then
collected, and the recombinant sialyltransferase was
purified.

Purification method I

Two hundred ml of media containing the Galf1-3Gal-
NAc o2-3sialyltransferase was filtered and diluted to
400 ml with 200 ml of 50 mm cacodylic acid, 50 mMm NaCl,
pH 6.5. Samples were then applied to a column
(1.5 x 12.0 cm) of CDP-hexanolamine-agarose (14 mmol
CDPml™). After washing with 50 mm cacodylic acid,
0.1 M NaCl, pH 6.5, the column was eluted with 50 mm
cacodylic acid, 1.0m NaCl, pH 6.5. A single peak of the
activity was observed. Fractions containing Galf1-3Gal-
NAc o2-3sialyltransferase activity were pooled and dia-
lysed overnight against 1 litre of 50 mm cacodylic acid,
0.1 M NaCl, 50% glycerol, pH 6.5, and stored at 20 °C.

Purification method 11

Two hundred ml of media containing the Galfp1-3Gal-
NAc «2-3sialyltransferase was filtered and diluted to
400 ml with 200 ml of 50 mm cacodylic acid, 50 mm NaCl,
pH 6.5. Samples were then applied to a column
(1.0 x 10.0 cm) of CDP-hexanolamine-agarose (14 mmol
CDPmI™). After washing the column with 50 mm caco-
dylic acid, 0.15 m NaCl, pH 6.5, the column was eluted
with 50 mm cacodylic acid, 0.1 m NaCl, 1 mm CTP, pH
6.5. Two peaks of the activity were observed. Fractions
containing &2,3-sialyltransferase activity from each peak
were pooled separately and dialysed overnight against 11
of 50 mm cacodylic acid, 0.1 M NaCl, 50% glycerol, pH
6.5, and then stored at —20 °C.
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SDS-GEL ELECTROPHORESIS

Samples were boiled in a Laemmli sample buffer prior to
loading on the 8-16% SDS-polyacrylamide gel (Novex).
Protein bands were visualized by Coomassie Blue.

STALYLTRANSFERASE ENZYME ASSAYS

Sialyltransferase was assayed based on methods de-
scribed by Paulson ef al. [6]. The assay mix contained
appropriate acceptor substrate, 50 ug bovine serum albu-
min, 50 mm cacodylate buffer, pH 6.0, 0.5% Triton
CF-54, 0.15-0.4 mU of appropriate sialyltransferase [32]
and 9 nmol CMP[*C]NeuAc in a total volume of 60 ul.
Sialyltransferase activity was defined as the amount of
enzyme transferring 1 umol of sialic acid per min to
acceptors defined by Weinstein er al. [10] for the
N-glycan sialyltransferases (using asialo «; acid glycopro-
tein substrate) and Rearick et al. [36] for the Galfl-
3GalNAc a2-3sialyltransferase. Samples were incubated
for 20 min at 37 °C. At the end of incubation samples
were treated in two ways. When human and rat asialo a;
acid glycoprotein and antifreeze glycoprotein were used
the reaction was stopped with 0.2ml ice cold 0.15M
Na(l, 5 mm NaN; and transferred to ice; the solution was
applied to a 0.7 x 13 cm column of Sephadex G-50 (fine
grade) equilibrated with NaCl solution and allowed to
soak in and then the column was washed with a further
1.2 ml NaCl which was discarded; the labelled protein
which eluted in the next 1.5ml was collected in a
scintillation counting vial and the radioactivity deter-
mined. When N-acetyllactosamine or lacto-N-tetraose
were used as substrates the incubation conditions were as
described above, but the reaction was stopped by addi-
tion of 1 ml cold 5 mm sodium phosphate buffer, pH 6.8,
and the solutions applied to 2.5 cm columns of Dowex-1
X 8(POY) [6]. Effluents were collected in scintillation
vials, the incubation tube was washed with 1ml of
phosphate buffer which was applied to the column and
the effluent collected as above. When CMP-NeuAc was
used as the variable substrate a series of eight solutions
were prepared each containing the same amount of
radioactive CMP-NeuAc (54500 cpm); the final concen-
trations varied from 10 to 70 um. The substrates were
saturating concentrations of N-acetyllactosamine for
Galp1-4GIcNAc a2-6sialyltransferase and lacto- N-tetra-
ose for Galf1-3(4)GleNAc a2-6sialyltransferase. For the
GalpB1-3GalNAc a2-3sialyltransferase, the concentrations
of CMP-NeuAc ranged from 2.5 to 20 um, and a saturat-
ing concentration of anti-freeze glycoprotein (equivalent
to 75 nmol of Gal) was used as acceptor. Values for
relative K, were determined from intercepts of double
reciprocal plots; in all determinations five different
substrate concentrations were used above and below the
K, values for the acceptors with two or three assays for
each point; reproducibility was within £8%. In all assays
the consumption of CMP-NeuAc was limited to less than
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10% under these conditions. The amount of sialyltrans-
ferase varied with acceptor between 0.1-1.0 mU.

Results

Production and purification of recombinant, secreted
forms of sialyltransferases

c¢DNA clones encoding the Galf1-4GIcNAc a2-6sialyl-
transferase, the Galf1-3(4)GIcNAc¢ o2-3sialyltransferase
and the Galp1-3GalNAc a2-3sialyltransferase have been
isolated, and the nucleotide sequences of the clones were
determined [11, 14, 29]. To produce the enzymes in more
readily purified forms, DNA constructions were made to
create clones encoding chimeric proteins containing se-
cretion signal sequences fused to the C-terminal catalytic
domains of the enzymes downstream of mammalian cell
promoters. Cells transfected with these constructions
were shown to produce active enzyme that was secreted
into the tissue culture medium [14, 29, 30]. Amplified
CHO cell lines produce reasonable amounts of enzyme,
and the Galf1-4GIcNAc «o2-6sialyltransferase used in
this study was purified by affinity chromatography from
CHO cell supernatant [30].

To produce larger quantities of secreted Galfl-
3(4)GlcNAc a2-3sialyltransferase and GalB1-3GalNAc
«2-3sialyltransferase, it was necessary to use the chimeric
DNAs encoding the enzymes to create recombinant
baculoviruses. A recombinant baculovirus encoding a
secreted form of the GalB1-3GalNAc a2-3sialyltrans-
ferase was made by inserting the DNA construction
encoding the dog pancreas preproinsulin signal sequence
fused to the C-terminal catalytic domain of the enzyme
[14] into a baculovirus DNA transfer plasmid vector
under control of the strong polyhedrin {polh) promoter.
This vector was mixed with wild-type Autographa califor-
nica nuclear polyhedrosis virus (AcNPV) DNA, and the
DNAs were used to transfect Sf-9 insect cells. The
transfer vector contains sequences allowing recombina-
tion with wild-type virus, producing recombinant baculo-
virus encoding secreted sialyltransferase. The recombi-
nant virus was purified by sequential plaque purification
at limiting dilutions, then expanded to approximately
500 ml of high-titre virus, and this virus stock was used
to infect confluent monolavers of Sf-9 cells. Enzyme
accumulation was monitored over time, and a peak of
activity was found approximately 72h post infection
(data not shown). Typically, Galf1-3GalNAc «2-3sialyl-
transferase activity accumulated to 25 mUml™! of cell
supernatant.

To purify the Galpl1-3GalNAc a2-3sialyltransferase
from conditioned media produced by cells infected with
rBv2,30S8T, the media was applied to a column of
CDP-hexanolamine-agarose. Enzyme strongly adsorbed
to the column during application and subsequent wash
steps in buffers containing 0.1 M NaCl. The enzyme was
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eluted by buffer containing 1 M NaCl (Fig. 1), but yields
were unacceptably low. CTP has been shown to be a
potent inhibitor of the sialyltransferase [7], thus 1 mm
CTP was used instead to elute the enzyme from the
affinity column. Chromatography in this condition
yielded two overlapping peaks (Peak A and B) of activity
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Figure 1. Analysis of the purification of the Galf1-3GalNAc
a2-3sialyltransferase by SDS-gel electrophoresis. The cloned
Galpl-3GalNAc «2-3sialyltransferase DNA was expressed in
519 cells using a baculovirus vector. The culture media (lane A
and D) and the purified fractions from the CTP elution (lane B
from Peak A and lane C from Peak B) and the Na(l elution
(lane E) were diluted with Laemmli sample buffer and boiled
prior to loading on the gel as deseribed in Methods. Coomassie
blue-stained proteins are compared with standards (Stds) indi-
cated to the left.
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(data not shown). The fractions corresponding to each
peak were pooled into peak A and peak B preparations,
and Fig. 1 shows that the molecular weight of the enzyme
from Peak A (33 kDa: lane B) is slightly larger than that
of the enzyme from Peak B (32 kDa: lane C). The total
recovery of activity resulting from this chromatography
procedure is high (=90% ), and the specific activity across
both peaks is roughly constant at 3.1 Umg™ for both
Peak A and Peak B preparations. The reason for the
difference in molecular weights is presently unclear but is
possibly due to heterogeneity in the structure of the
N-linked carbohydrate moiety.

The production of recombinant baculovirus encoding
Galf1-3(4)GIcNAc o2-3sialyltransferase and the partial
purification of enzyme has been described previously
[35].

Determination of sialyltransferase enzyme kinetic values

Values have been reported for apparent K of native
GalpB1-4GlcNAc  a2-6sialyltransferase,  GalfB1-3(4)-
GlcNAc a2-3sialyltransferase [10] and Galf1-3GalNAc
o2-3sialyltransferase [36] with the substrates used in the
current work. However, there is no kinetic data on the
recombinant enzymes corresponding to these native
forms. Since the recombinant forms of these enzymes are
now available it is possible to make a direct comparison
of the kinetic properties of the native and recombinant
enzymes where the assays have been done under ident-
ical conditions. Table 1 shows the values found for
apparent K, for the native and recombinant forms of the
three enzymes under study using macromolecular and
oligosaccharide substrates. Table 2 shows values for K,
with CMP-NeuAc as the variable substrate. Literature

Table 1. Kinetic constants for sialyltransferases, apparent K, values in mm?

Acceptor Gualf1-4GlcNAca2- Galfl-3(4)GIcNAca2- Galpl-3GalNAca2-
osialyltransferase 3sialyltransferase 3sialyltransferase
Native Recombinant  Native Recombinant  Native Recombinant

Rat asialo o acid glycoprotein 0.24 0.18 0.18 0.15 - -

{Galp1-4GicNAcRandGal1-3GIcNAcR)

Human asialo «; acid glycoprotein 0.21 (0.18) 0.10 0.26 (0.29) 0.10 - -

(Galf1-4GlcNACR)

N-acetyllactosamine 1.78 (1.62) 2.38 2.43 (2.66) 2.63 - -

(Galp1-4GleNAc)

Lacto- N-tetraose - - 0.11 (0.09) 0.22 - -

(Gaip1-3GleNAcS1-3Gal f1-4Gle)

Anti-freeze glycoprotein - - - - 0.84 (0.39) 1.18

(Galp1-3GalNAc-O-)

*Values for Ky, for the macromolecular acceptors are expressed in mum relative to the terminal Gal residues (see e.g. [32]); on average human asialo
& acid glycoprotein contains 18 mol Gal per mol and the rat asialo a; acid glycoprotein used in these studies contains 10 residues per mol {47]; it
should be noted that the rat protein has been shown to contain both Galfi-4GlcNAc and GalpBl-3GIcNAc acceptor positions {37]. Values in
parenthesis are literature values for the GalB1-4GlcNAca2-6sialyltransferase and the GalS1-3(4)GlcNAca2-3sialyltransferase from rat liver {10] and
for the GalB1-3GalNAc a2-3sialyltransferase from porcine submaxillary gland [36].
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Table 2. Kinetic constants for sialyltransferases with CMP-
NeuAc as variable substrate, apparent K, values in um*

GalB1-4GlcNAca2-6sialyltransferase

Native 33.3 (50)
Recombinant 4.7
(Gal 81-3(4)GleNAca2-3sialyltransferase
Native 57.3 (70)
Recombinant 74.1
Galf1-3GalNAca?2-3sialyltransferase
Native 5.3 (3.0)
Recombinant 5.1

*CMP-NeuAc concentrations were varied as described in the text;
values in parenthesis are literature values [48].

values of K, for the native enzymes as determined by
others are given in parenthesis in the Tables.

As can be seen in Tables 1 and 2, K, values for the
native enzymes as determined in the present studies
differed little from literature values in most cases. There
were two exceptions; the first was with Galf1-3GalNAc
«2-3sialyltransferase where the value for K, of 0.84 mm
using anti-freeze glycoprotein compared with a literature
value of 0.39 mm. The reason for this is unclear, but the
higher value obtained in the current work is comparable
to a value of 1.18 mm found for the corresponding
recombinant. The second exception occurred with the
K, values found with CMP-NeuAc as the variable
substrate. In the present work the K, for native Galpl-
4GlIcNAc a2-6sialyltransferase was 33.3 um compared to
a literature value of 50 um and for the native Galfl-
3(4)GIcNAc a2-6sialyltransferase the K, was 57.3 um
compared to 70 um reported in the literature, and for the
native GalpB1-3GalNAc o2-3sialyltransferase the K, was
5.3 ym compared with a literature value of 3.0 um. Again
it is unclear why these differences exist, but the variance
is not large and may simply reflect differences in experi-
mental technique between the two sets of determina-
tions.

Of greater interest are the values for K, found for the
native enzymes when compared with X, values for the
corresponding recombinants. This is particularly impor-
tant in order to ensure that the recombinant enzymes are
mimicking the catalytic properties of the native enzymes
as far as possible. Differences might be expected since
the recombinant enzymes are expressed in different cell
types compared to their native counterparts. With the
oligosaccharide acceptors it was found that the native
enzymes generally had lower K, values than the cor-
responding recombinants indicating that the native en-
zymes have a higher affinity for the oligosaccharide
acceptors. This was particularly noticable with Galpl-
3(4)GlIcNAc a2-3sialyltransferase when lacto-N-tetraose
was the acceptor; the K, for the native enzyme was
0.11 mm, half that found for the recombinant. With the
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macromolecular acceptors there were also differences in
values for K, between the native and corresponding
recombinant enzymes. The greatest difference was with
the a2-3 and «2-6 sialyltransferases for N-linked struc-
tures with human asialo «; acid glycoprotein as acceptor.
It was found that K values for the recombinants were
about half those found for the native enzymes using this
acceptor (Table 1). With the rat acceptor there was only
a small difference in values of K, between the native and
recombinant enzymes, but it should be noted that values
of K, found for the Galp1-3(4)GlcNAc «2-3 enzyme will
be a mixed K, since the rat acceptor contains both
terminal GalfS1-3 and Galf1-4 positions [37]. There was
only a small difference in K, between native and
recombinant forms of Galfl-3 GalNAc a2-3sialyltrans-
ferase acid with anti-freeze glycoprotein as acceptor
(Table 1). Similarly, with CMP-NeuAc as variable subs-
trate and sialyltransferases for N-linked structures if was
found that both recombinants had a lower affinity for the
substrate based on their K, values while the sialyltrans-
ferase for the O-linked structures had little difference in
K, (Table 2}.

Discussion

Prior to 1992, more than 320 genes had been expressed
through recombinant baculovirus vectors [38], and at
least twice that number have now been reported to have
been expressed in recombinant baculovirus-infected in-
sect cells. The popularity of this system is likely due to
the high yields of protein expression reported in infected
cells (0.01-1 gl™! of tissue culture medium) while main-
taining eukaryotic post-translational modification. In this
work, sialyltransferases purified from tissues were com-
pared to genetically engineered versions of the same
proteins produced in recombinant CHO cells and by
recombinant baculovirus-infected cells. The dog pancreas
preproinsulin signal sequence, cloned in place of the
normal N-terminal signal/anchor and cytoplasmic do-
mains of the sialyltransferases so as to direct secretion of
the catalytic COOH-terminal domain, was recognized
and processed by recombinant baculovirus-infected insect
cells in order to produce secreted enzyme. The secreted
enzymes contained N-linked carbohydrate chains (data
not shown), but the carbohydrate structure may be more
heterogeneous than protein secreted from recombinant
mammalian cells. Based on K, values given in Tables 1
and 2 it is clear that some differences exist when the
native enzymes are compared with the corresponding
recombinants. The recombinants generally express a
lower affinity for small molecular weight oligosaccharide
acceptors and a higher affinity for macromolecular accep-
tors except for the a2-3sialyltransferase and anti-freeze
glycoprotein; in addition, the recombinants for N-linked
carbohydrate substrates have a lower affinity for CMP-
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NeuAc. The differences found in K, values between the
native and recombinant enzymes are unlikely to result in
major changes in the way these recombinants can be used
for glycosylation of glycoproteins. However, the altered
affinities found for the recombinants may affect the way
they bind to affinity columns; for example, we have
found that the recombinant Galf1-3(4)GlcNAc a2-3sia-
lyltransferase does not bind as well to CDP-hexanola-
mine affinity columns (unpublished work) which is con-
sistent with the higher K, value found for this enzyme
using CMP-NeuAc as variable substrate. While some
recombinant enzymes have identical biological properties
and have similar kinetic parameters when compared with
their native counterparts (e.g. tyrosine hydroxylase
[39, 40]); some behave differently; for example, recombi-
nant human cathepsin L. which has a K, value that is
about half of that for the corresponding native protein
using a peptide substrate, is less stable and has a higher
pH optimum [41].

It is not clear why the recombinant sialyltransferases
used in the present study have slightly different kinetic
properties compared to the native enzymes. The recom-
binant sialyltransferases represent secreted forms devoid
of the membrane anchor and stem regions [11, 14, 29];
the native enzymes have also lost these regions during
preparation [10, 32, 36, 42] so there is little or no differ-
ence between the recombinants and native enzymes as
far as amino acid sequence is concerned. However, all
three enzymes are glycoproteins and it is known that the
lack of carbohydrate chains or the presence of carbo-
hydrate chains that differ in structure from those present
on the native molecule can influence the biological
properties of the proteins in question, presumably be-
cause the carbohydrate chains affect protein folding as
well as charge in the case of those molecules carrying
sialylated chains. The importance of carbohydrate chains
for the behaviour of a wide range of biomolecules has
recently been reviewed [43], and there is a recent study
on native Galf1-4GlcNAc «a2-6sialyltransferase which
showed that enzyme activity is reduced on sequential
removal of sugar residues from the glycoprotein and that
the completely deglycosylated enzyme is inactive [44].

The Galfl1,3GalNAc a2 3sialyltransferase purified
from recombinant-baculovirus-infected insect cells de-
scribed in this work was determined to have a specific
activity of 3.1 Umg™!, comparable to the reported value
of 10.6 Umg™! for enzyme purified from porcine sub-
maxillary glands [7]. In contrast, Galf1,4GlcNAc
o2, 6sialyltransferase expressed in E. coli was found to
accumulate in an insoluble, inactive form [45]. Denatura-
tion/refolding experiments recovered enzyme with a
specific activity of 0.15 Umg™! [45]. Expression of full
length Galf1,4GIcNAc o2, 6sialyltransferase in Saccharo-
myces cerevisiae has been shown to result in accumula-
tion of sialyltransferase activity [46], suggesting that
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sufficient carbohydrate addition and maturation occur in
yeast to allow folding of the enzyme into an active form.
Taken together, these results indicate that eukaryotic
host cells capable of glycosylation of the enzyme are
required for efficient expression of active sialyltrans-
ferases, and show that recombinant baculovirus-infected
insect cells are an efficient expression system for produc-
tion of large amounts of enzyme with specific activity
similar to the native enzyme. Although the recombinant
sialyltransferases used in this work were expressed in
eukaryotic cell lines which possess the biosynthetic ma-
chinery for glycosylation there is no definitive informa-
tion on the extent or structure of the carbohydrate chains
attached to the enzymes; clearly, further work is needed
to determine whether the activities of the recombinant
sialyltransferases may be altered by modification of the
oligosaccharide chains’ structure.
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