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Abstract Using mammalian gene-overexpression system, in 
vitro catalytic activities of CMP-NeuAc: Galpl-+4GlcNAc 
a2+6sialyltransferase on glycosphingolipid acceptors were 
analyzed. We transfected the mammalian expression vector 
containing the cDNA that was cloned from Daudi cells into 
COS-1 cells, and selected monoclonal transfectants in the 
presence of G418. Although the transfecteda2+6sialyltrans- 
ferase can catalyze NeuAc transfer onto glycoprotein ac- 
ceptors more than glycolipids based on kinetic analyses, the 
substantial synthesis of IV6NeuAc-nLcOse4Cer was observed 
and the activities were 7- to 9-times higher in the transfected 
cells than in the mock transfectants. In addition, the 
transfected COS-1 cells with a2-+6sialyltransferase cDNA 
were revealed to contain a higher amount of ganglioside that 
has the terminal NeuAca2+6Gal sequence in the in situ situa- 
tion than the mock transfectants.El These results using 
transfectants, together with those using the purified enzyme 
protein, suggest that the a2+6sialyltransferase enzyme from 
Daudi cells can also catalyze NeuAc transfer in a243 linkage 
onto glycosphingolipid acceptors-Nakamura, M., A. Tsu- 
no&, K. Yanagisawa, Y. Furukawa, J. Kikuchi, A. Iwase, 
T. Sakai, G. Larson, and M. Saito. CMP-NeuAc:Gal 
01 -4GlcNAc a2+6sialyltransferase catalyzes NeuAc transfer 
to glycolipids..!. Lipid Res. 1997. 38: 1795-1806. 
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sugar residues from sugar nucleotides to an oligosac- 
charide chain attached to ceramide (10). After transfer 
from dolichol phosphate-oligosaccharides to an Asn 
residue of protein moiety and hydrolase trimming, 
elongation of the oligosaccharide chain is also con- 
ducted through the action of the sequential glycosyl- 
transferases for N-glycan. 

In leukocytes and leukemia cell lines, sugar se- 
quences are expressed in a lineage-specific manner and 
are thought to play a critical role in cell differentiation 
(11-14) as well as in the production of ligands for cell 
adhesion molecules in some cell lineages (8). In addi- 
tion, structures and functions of cell surface-differentia- 
tion antigens have been intensively studied, and some 
of them, including CD15, CDwl7, CD57, CDw60, 
CDw65, and CD77, are also classified as cell surface car- 
bohydrate determinants (15). Among them, the epi- 
topes of leukocyte differentiation antigen clusters 
CDw75 and CD76 have been proved to be generated 
through the action of CMP-NeuAc : GalPl+4GlcNAc 
a2-+6sialyltransferase [EC 2.4.99.11 (a2+6ST), (16- 
19). A recent study has shown that CD76 is an a2+6 
sialylated lacto-series motif found on glycolipids (20). 

Abbreviations: a2+6ST, CMP-NeuAc: Calpl-+4GlcNAc a2+6sia- 
lyltransferase [EC 2.4.99.11; alAGP, al-acid glycoprotein; ASalAGP, Glycosphingolipids and glycoproteins have been im- 

plicated and demonstrated to play important roles in 
cell growth, cell differentiation, Cell adhesion, morpho- 

asialo-al-acid glycoprotein; nLc4-HSA, nLcOse,-conjugated human 
serum albumin; PA, pyridylaminated; FITC, fluorescein isothiocya- 
nate;  ME, 2-mercaptoethanol: NDV. Newcastle disease virus. Glvco- 

genesis, and binding with toxins, bacteria, and viruses sphingolipids are designated according to the recommendation of 
73-9). The biosynth&is of the carbohydrate sequences 
on a ceramide moiety is accom~lished through the ac- 
tion Of sequential glycosyltransferases that transfer ‘To whom correspondence should be addressed. 

the Nomenclature Committee of the IU-PAC ( 1 )  and gangliosides are 
designated as described (2): nLc4Cer, nLcOse,Cer; nLc&er, 
nhOse,Cer; Lc,Cer, LcOse4Cer; LcsCer, hOse,Cer. 
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The a2-+6ST was purified and cloned from rat liver 
(21, 22). This sialyltransferase has been purified using 
glycoprotein acceptor and i t s  catalytic reaction on glyco- 
protein was demonstrated. However, i t  has remained 
uncertain whether the same a2-+6ST may act on both 
glycosphingolipids and glycoproteins containing the 
same sugar terminal sequence, GalP1-+4GlcNac. In 
general, some glycosyltransferases act only on glycopro- 
teins such as UDP-ClcNAc: a1 +3mannosyl glycopro- 
tein ~1+2-N-acetyIgIucosaminyltransferase I (23), 
while other glycosyltransferases act only on glycosphin- 
golipids such as UDP-GalNAc:GM3/GD3 p1-4-N- 
acetylgalactosaminyltransferase (GM2/ GD2 synthase) 
(24). In some glycosylation steps, however-, the same gly- 
cosyltransferases may catalyze reactions on both glyco- 
proteins and glycosphingolipids such as UDP-Gal : 
GlcNAcPl +%a1 01 -+4galactosyltransferase ( 2 5 ,  26). 
It is of interest to investigate in which group of thr 
above the a2+6ST is classified, and whether the sialyl- 
transferase catalyzes NeuAc transfer onto glycolipid ac- 
ceptors. Using mammalian gene-overexpression sys- 
tem, we present here experimental evidence that the 
a2-+6sialyltransferase could also catalyze NeuAc trans- 
fer onto glycosphingolipid acceptors. 

EXPERIMENTAL PROCEDURES 

Materials 

Rat liver a2+6ST was purchased from Boehr- 
inger Mannheim GmbH (Mannheim, Germany), and 
further purified by CDP-ethanolamine-conjugated agar- 
ose chromatography. CMP- [sialic-4,5,6, 7,8,9-'4C] NeuAc 
(300.9 mCi/mmol) and unlabeled CMP-NeuAc were 
obtained from New England Nuclear (Boston, MA) and 
from Sigma (St. Louis, MO), respectively. Asialo-al- 
acid glycoprotein (ASdAGP) and asialo-transferrin 
were prepared from al-acid glycoprotein (a1AGP) and 
transferrin (both from Sigma) by mild acid hydrolysis 
(27), respectively. Possible acceptor oligosaccharide 
numbers of an ASalAGP molecule were estimated as 
NeuAc free oligosaccharides comparing the NeuAc 
concentration of alAGP by resorcinol/HCl method be- 
fore and after mild acid hydrolysis. Synthetic glycopro- 
tein nLcOsed-human serum albumin (nLc,-HSA) was 
purchased from BioCarb (Lund, Sweden). nLcOse,Cer 
(nLc,Cer) and nLcOse,Cer ( nLcf,Cer) were prepared 
by desialylation of IV"NeuGc-nLc&er and VI'NeuGc- 
nLc,Cer that were purified from bovine erythrocytes 
(28). LcOse,Cer was purified from hunlan meconium 
as described (29). Pyridylaminated oligosaccharides, 
nLc4-PA, Lc,-PA, lactose-PA, GalPl+3GlcNAc-PA, and 
GalPl-+4GlcNAc-PA, were prepared as described (30). 
mAb NS-24, that recognizes a terminal NeuAca2+ 

3Gal~l+4GlcNAc sugar sequence (31 ),  was ;i gcner-oils 
gift from Dr. Yasuo Suzuki (Shizuoka University. Shilii- 
oka,Japan) . mAb 1 BY, that recognizes a terminal Neui\- 
ca2+6Gal sequence (32), was generously donated t w  
Dr. Sen-itiroh Hakomori (Biomembrane Institute, Sea I- 
tle, WA) . Newcastle disease virus (NDV) neur,;iininidasc. 
and Arthrobartrr tcreuffizciens (A.  ureujfciens) neuramini- 
dase were purchased from Sigma. FIT<:-conjug.atetl 
goat F(ab') anti-mouse IgM antibody was Ii-oni TAG0 
Inc. (Burlingame, CA), and rabbit anti-mouse IgM anti- 
body and mouse anti-human IgG mAb (class IgM) werc 
from Sigma. Guanidinium thiocyanate was purchased 
from Fluka (Buchs, Switzerland) and CsCl was from Na- 
karai Tesqiie (Kyoto, Japan) .  Biodyne I3 nylon mem- 
brane was from Nippon Genetics (Tokyo, .Japan). All 
other reagents were of the highest grade commerciall>, 
available. 

Cells and cell cultures 

Human Burkitt lymphoma cell line Daudi, human 
myeloma cell line U266, and African green monkey's 
kidney cell line COS-1 cells were cultured in RPMI-1640 
medium supplemented with 20% fetal calf serum, 
RPMI-1640 medium supplemented with 10% fetal calf 
serum, and Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% fetal calf serum, re- 
spectively. The cells were harvested, centrifuged, 
washed twice with phosphate-buffered saline, and 
stored at -80°C until use. 

PCR-cloning of human 012+6ST cDNA 
from Daudi 

Human a2+6ST cDNA was cloned from Daudi 
cDNA, that was reverse-transcribed from poly(A) -tailed 
RNA, by PCR using synthetic oligonucleotide primers 
complementary to sequences 5' and 3' of the coding 
region. The primers were as follows: 

sense: AAT-AAA-CCT-TCC-CTC-CCA-TGG-A 

antisense: TTA-GCA-GTG-AAT-GGT-CCG-GAA 

Reactions were done using AmpliTaq DNA polymerase 
(Perkin-Elmer) . Thirty cycles of amplification were car- 
ried out along the following scheme: 94°C for 1 min, 
60°C for 2 min, and 72°C for 3 min. At the final cycle, 
the reactions were completed at 72°C for 7 min. A frac- 
tion of the product was examined on a 0.8% agarose 
gel, and a part of the remaining was cloned to pCRII 
vector using T-A overhang (Invitrogen, San Diego, 
CA). The HindIII/ApaI fragment of sense-oriented 
cDNA was subcloned at the HzndIII/AfiaI sites of pRc/ 
CMV mammalian expression vector containing neomy- 
cin-resistant selection marker (Invitrogen, San Diego, 
CA) . 
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Sequencing of the cloned a2+6ST cDNA 
and transfection into COS-1 cells 

DNA sequences of the cloned a2-+6ST were deter- 
mined by the dideoxynucleotide chain-termination 
method (33) using the Sequenase version 2.0 DNA se- 
quencing kit (United States Biochemicals Co., Cleve- 
land, OH) and a Sequi-Gen apparatus (Bio-Rad, Her- 
cules, CA) . COS-1 cells were transfected with the cloned 
a2+6ST by the electroporation method as described 
(6). The transfected COS-1 cells were selected in the 
presence of G418 (GIBCO, Gaithersburg, MD) and 
cloned by the limiting dilution method. 

Construction of the staphylococcal protein A-a2+6ST 
fusion 

The cDNA fragment containing nucleotide residues 
113-1227 (see Fig. 2) of a2-+6ST was prepared by di- 
gestion with EcoRI and blunted with T4 DNA polymer- 
ase. EcoRI adaptor (New England Biolab, Beverly, MA) 

GGGCCC-5’ 

was added to the blunted fragment. The resultant se- 
quence was inserted at the unique EcoRI site of 
pPROTA2 vector (kindly provided by Dr. R. 
Breathnach) (34) to yield the expression plasmid 
pPROTA2-a26ST. For control experiment, full-length 
cDNA of a2-+6ST was prepared by digestion with BstXI 
and subcloned into BstXI site of pCDM8 vector re- 
sulting pCDM8-a26ST plasmid. Fifty pg of the each 
plasmid were transfected into 1 X lo7 COS-1 cells, and 
the conditioned medium was collected after 48 h and 
processed as described elsewhere (35). 

RNA blot analysis 

Total cellular RNA was extracted using guanidin- 
ium/CsCl method. Poly(A)-RNA was purified using 
Oligotex-d (T) according to the method described 
by the supplier (TAKARA, Kyoto, Japan). The amounts 
of total RNA or poly(A)-RNA were estimated spectro- 
photometrically. RNA was aliquoted and precipitated 
in ethanol until use. RNA blot analysis was carried out 
as described (6) using 3‘P-labeled full-length a2+6ST 
cDNA fragment or a neomycin-resistant cDNA frag- 
ment. 

Sialyltransferase assays 

The total cell membranous fractions were prepared 
as described previously (14), aliquoted, and stored at 
-80°C until use. CMP-NeuAc:nLc4Cer 012-3 and a2 
-+6sialyltransferase activities were assayed as described 
previously (14). In brief, 10 nmol of nLc4Cer and 2.5- 
10 pL of CMP- [siali~-4,5,6,7,8,9-‘~C] NeuAc were added 
in a microtube and then dried. Cold CMP-NeuAc 

(4.34-4.80 nmol), sodium cacodylate buffer (pH 6.5, 
3.75 pmol) , Triton CF-54 (75 pg) , and the enzyme prep 
aration were mixed and incubated in a total volume of 
25 pL at 37°C. The incorporation of [14C]NeuAc into 
glycosphingolipid was determined by direct identifica- 
tion of the reaction products on HPTLC plate using 
BAS 2000 bioimage analyzer (Fuji Film, Tokyo, Japan). 
The solvent system used in this assay was chloroform- 
methanol-0.2% CaCI2 50:50: 10 (vol/vol/vol). The ac- 
tivities of CMP-NeuAc :P-galactoside a2+3 and 
a2 +6sialyltransferases were also assayed using nLc4-PA 
as an acceptor substrate and HPLC system with pBonda- 
sphare C18 column (3.9 X 150 mm) as described (14) 
with slight modifications for sialyltransferase assay in- 
stead of ~1-+3-N-acetylglucosaminyltransferase assay. 
The catalytic NeuAc transfer activities of a2+6ST onto 
glycoproteins were assayed using Sephadex G-50 chro- 
matography as described (36). 

Analyses of gangliosides 

Cells for glycosphingolipid analyses were harvested 
and stored at -80°C until use. Glycosphingolipids were 
prepared by the combination of chloroform-methanol 
extraction and DEAE-Sephadex A-25 column chroma- 
tography (37). After mild alkaline treatment, dialysis 
and lyophilization, ganglioside fractions were separated 
on HPTLC plate with a solvent system of chloroform- 
methanol-0.2% CaC1,50:50: lO(v/v/v). Immunostain- 
ing was performed by the method described by Mag- 
nani, Smith, and Ginsburg (38) with slight modification 
(6). Authentic standards were visualized using the resor- 
cinol-HC1 spray method followed by heating at 105°C 
for 5 min. 

Treatment of enzyme reaction products with 
Newcastle disease Virus and A. u r e a f k  
neuraminidases 

After sialyltransferase assay using purified pPROTA2- 
a26ST fusion in the presence of CMP-[sialic- 
4,5,6,7,8,9-’4C]NeuAc and nLc4Cer, the reaction prod- 
uct was subjected to heat inactivation at 60°C for 10 min 
and NDV neuraminidase treatment as follows. Twenty- 
five pL of a2+6ST reaction product was mixed with 
NDV neuraminidase (final 20 mU/ mL concentration) 
or A. ureufuciens neuraminidase (40 mU/ mL), sodium 
taurodeoxycholate (2.5 mg/ mL), and sodium cacodyl- 
ate buffer, pH5.5 (300 mM) in a total volume of 100 pL, 
incubated at 37°C for 1.5 h, purified with SepPak C18 
reverse phase cartridge, evaporated under N2 flow, and 
separated on HPTLC plate in a solvent system of chloro- 
form-methanol-0.2% CaCI2 55:50: 10 (v/v/v). The ra- 
dioac tive products were visualized by autoradiography 
and quantitated by BAS 2000 bioimage analyzer. For the 
control reaction, an aliquot of the product was incu- 
bated in the same condition without any neuramini- 
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E dase. For another control reaction, the radioactive au- .?u 

thentic standard mixture was prepared using the 2 6 -  
membranous fraction of human B lymphoid cell line 
U266, CMP- [siali~-4,5,6,7,8,9-’~C]NeUAc, and nLc4Cer, 
and treated with NDV neuraminidase. 

Protein assay and analysis by polyacrylamide gel 
electrophoresis 

Protein was determined by an Amido-Schwarz dye- 
binding method (39) with bovine serum albumin as a 
standard. The purified rat liver a2+6ST was analyzed 
for purity by PAGE containing SDS. The enzyme was 
denatured by boiling for 5 min in the presence or ab- 0 60 120 180 
sence of 2-mercaptoethanol (2-ME), and loaded onto 
8% polyacrylamide gel containing 0.1 % SDS. After elec- A Time (min) 
trophoresis for 1 h at 20 mA, the proteins were visual- 300 r 
ized by silver staining. 

0 

RESULTS 

NeuAc transfer activities of purified a2+6ST 
onto nLclCer 

The purified a2-+6ST, that was assured to be pure 
using 1 pg of enzyme protein by PAGE analysis followed 
by silver staining (data not shown), was tested for cata- 
lyzing NeuAc transfer to glycolipid, nLc4Cer. As Triton 
CF-54 at a range of concentration 0.03-0.3% was most 
effective for detecting the enzyme activities, 0.3% Tri- 

8 
I 1 

0 0.1 0.2 0.3 0.4 
Protein (pg) B 

ton CF-54 was selected as detergent. Subsequently, the 
time course of the enzyme reaction was analyzed as 
shown in Fig. 1A. The NeuAc transfer to nLc&er was 
catalyzed linearly up to at least 2 h. As the enzyme activi- 
ties seemed to plateau after 2 h, we stopped the enzyme 
reactions at 1 h for the subsequent assays. Then we in- 
vestigated the protein concentration dependency as in- 
dicated in Fig. 1B. The purified protein was clearly 
shown exhibited to have catalytic effect on NeuAc trans- 
fer to nLc4Cer in a concentration-dependent manner 
up to 0.15-0.25 pg protein per each 25 pL assay. Be- 
yond these concentrations, the activities did not in- 
crease linearly. Furthermore, the purified a2-+6ST was 
verified to be dependent on the concentration of donor 
substrate, CMP-NeuAc ( KM value for CMP-NeuAc was 
0.05 mM), and of acceptor substrate, nLclCer (data not 
shown). 

Fig. 1. Enzymatic analyses of rat liver a2+6ST using nLc,Cer as an 
acceptor. A Effect of incubation time on the pure a2+6ST. The ac- 
tivities were assayed by incubating the enzyme in the presence of 0.3% 
Triton CF-54 for various periods of time. B: Dependency on the en- 
zyme protein concentration. The activities were assayed by incubating 
various amounts of the enzyme for 1 h in the presence of 0.3% Triton 
CF-54. Each value is the mean 2 SE (n = 4) from a representative 
experiment. Where an error bar is not shown, it lies within the dimen- 
sions of the symbol. 

strate, CMP-[”C]NeuAc, was fixed at 0.15 mM for each 
assay. While the purified enzyme had KM values around 
0.2 mM for glycoprotein acceptors, ASalAGP and asialo 
transferrin, Kh, for glycolipid acceptor nLc4Cer was 0.9 
mM and slightly higher than those for glycoprotein ac- 
ceptors. For synthetic substrates, nLc,-PA and GalPl+ 
4GlcNAc-PA, the enzyme protein had KM values of 1.5 
and 1.3 mM, respectively. However, GalPl-+4Glc-PA 
was revealed to require higher concentration to get to 
V,,,, for a2-+6ST than nLc4-PA. In addition, Lc,Cer, 
Lc,Cer, Lc,-PA, and Galpl-+3GlcNAc-PA were shown 
to be poor acceptors. 

Acceptor specificity of purified a2-6ST 
Of the purified 

a2+6ST, kinetic constant K,%, values of the enzyme 
To test the 

against various acceptor substrates were determined un- 
der the standard assay conditions (Table 1 ) .  In this ta- 
ble, K ,  value was calculated as mM concentration of a 

Transfection a~~ expression in ‘Os-’ cells 
of a2-+6ST ... 

whole molecule, glycoprotein, glycosphingolipid, or oli- 
gosaccharide. The concentration of sugar-donor sub- 

To exclude the possibility that the catalytic activities 
of a2+6ST for glycolipid acceptors were due to a mi- 
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TABLE 1. Apparent K ,  values of the rat liver a2+6ST against 
acceptor substrates 

Acceotool 
K .  Values" 

of a2 + 6ST 

Calp 1 -+ 4GlcNAc p 1 + 3Galp 1 4 4Glc-PA ( nLc4-PA) 
GalPl+4GlcNAc-PA 
Gal01 -+4Glc-PA (Lac-PA) 
GalP 1 +3GlcNAcfi 1 -+ 3GdP 1 --f 4Glc-PA ( Lc4-PA) 
GalPl+3GlcNAc-PA 
ASalAGP 
Asialo transferrin 
nLclCer 
LclCer 
LcsCer 

1.5 
1.9 

102 
D 

I' 

0.20 
0.16 
0.91 
6 

6 

Kinetic constant KM values were determined under the standard 
conditions described in Experimental with a fixed sugardonar con- 
centration of CMP-[14C]NeuAc at 0.15 mM. Plots of the data in double 
reciprocal form were constructed and slope and intercepts were de- 
termined by the method of least squares. 

'mM as whole acceptor protein or glycolipid molecules. 
hNot measurable; the substrates were poor acceptors. 

nor contamination of the other a2+6sialyltransferase 
enzyme protein, we used the mammalian overexpres- 
sion system for analyzing the sialyltransferase substrate 
specificity. As a first step, we isolated, from human Bur- 
kitt lymphoma cell line Daudi, several cDNA clones that 
encode a2+6ST protein. Among them, clones #5, #lo, 
and #20 were selected after PCR amplification followed 
by subcloning to pCRI1 vector and to pRc/CMV vector. 
By DNA sequencing, the three clones were examined 
to have no deletion or frame shift. Further, we found 
that these three clones were identical to the clone iso- 
lated from human placenta (40) rather than the se- 
quence from the same cell line Daudi reported else- 
where (41). Figure 2 summarizes identities and 
differences of deduced amino acid sequences of the 
clones to and from the previously reported sequences. 
As shown in Fig. 2A, there were three major points 
where the amino acid substitutions occurred among the 
several clones. Comparing with the sequences from 
Daudi previously reported (41), the amino acid of the 
three clones was lysine instead of leucine at the position 
27, there was no deletion at the position 72, and the 
amino acids were His-Arg at the positions of 72 and 73. 
Although the clone #20 had arginine substitution for 
lysine at the position 240, there was no substitution in 
the other two clones at this position. As indicated in Fig. 
2C, there were three additional nucleotide substitutions 
among the three clones and the previously reported se- 
quences from Daudi. However, these did not affect the 
amino acid sequences at all. Consequently, we chose the 
clones #5 and #10 for the transfection and expression 
studies, as the clone #20 had a substitution in the mid- 
dle of catalytic domain of the sequence (Fig. 2B). 

Using stable transfectants of the cDNA clones #5 and 
#lo, we analyzed expression of a2-+6ST in COS-1 cells. 

As a first step, we characterized the transfected cells by 
Southern and RNA blot analyses. Southern blot analysis 
showed that a band additional to those found in the 
parental COS-1 cells was exhibited in the transfected 
cells (data not shown). KNA blot analysis revealed that 
COS-1 cells transfected with #10 clone ligated to pRc/ 
CMV expressed significant and high amount of the sin- 
gle 4.1 kb a2-+6ST message (Fig. 3; lane 3; arrow A). 
By contrast, the parental COS-I cells and the cells 
transfected with pRc/CMVvector alone did not express 
the transcript (Fig. 3; lanes 1,2). For the message of the 
neomycin-resistant gene, the COS-1 cells transfected 
with pRc/CMV vector alone and with #10 clone ligated 
to pRc/CMV expressed neomycin-resistant gene tran- 
scripts (Fig. 3; lanes 5,6; arrow B). The cells transfected 
with #5 clone ligated to pRc/CMV also expressed a2 
+6ST message and neomycin-resistant gene message 
(data not shown). Consequently, it could be thought 
that exogenous a2+6ST gene was successfully inte- 
grated in chromosomes and expressed constitutively. 

NeuAc transfer activities of (u2+6ST 
overexpressed in COS-1 cells 

Using crude membrane fractions from the transfec- 
tants, NeuAc transfer activities on glycoprotein ac- 
ceptors were initially determined. As shown in Fig. 4, 
the membranous fraction from COS-1 cells transfected 
with the clone #10 a2+6ST cDNA catalyzed NeuAc 
transfer to ASalAGP in a dose-dependent manner. 
However, the transfectant with pRc/CMV vector alone 
did not have significant activity. In addition, the COS- 
1 cell transfectant with the clone #10 a2+6ST cDNA 
did not catalyze NeuAc transfer to alAGP. 

Subsequently, the NeuAc transfer activities of the 
transfectants to glycolipid acceptors were examined. 
Optimal conditions were determined through the sialyl- 
transferase assays using nLc4Cer as an acceptor (data 
not shown). Detergent and its concentration were se- 
lected as Triton CF-54 and at 0.3%, respectively. The 
assays were done at 37°C for 1 h using 200 pg of pro- 
tein, 1.5 mM nLc4Cer, and 0.5 mM CMP-['4C]NeuAc. 
Under these conditions, the activities for producing 
IV6NeuAc-nLc4Cer were elevated up to 7- to 9-times 
higher in the transfectants #5 and #10 than in the 
transfectant with vector alone (Fig. 5; columns 3-5) .  By 
contrast, a2-+3sialyltransferae activities to nLc4Cer 
did not show significant difference between the 
transfectants with the clone #10 a2-+6ST cDNA and 
with vector only (Fig. 5 ;  columns 1, 2). 

Acceptor specificity of the a246ST 
overexpressed in COS-1 cells 

Acceptor specificity of the crude membrane fraction 
from COS-1 cells transfected with the clone #10 cDNA 
was analyzed using various possible acceptors. To com- 
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25 66 235 
Rat Liver - - *VWK KGS. - - - .QDPKEDI P a  *..TEKRF..- 
Human Placenta - *VWKEKKKGS* - .*-QDPHRGQR-.- *--TEKRF--* 

* - -TEKRF- * - Human B lymphoma 
#5 - - .VWKEKKKGS. - * - * *  QDPHRGQR... -.-TEKRF*-* 

-..TERRF..- 

.*.QDP TGQR*-- -- - * sVWLEKKKGS * e * 

#IO - - S V W ~ ~ E K K K G S  - . - - - SQDPZGQR. - - - - -TEKRF- - 
#20 - -VW~EKKKGS- - - - --QDPHRGQR- - - 

25 69 238 

1 ////// 121 8 base 
ATG- 1TAA 

(406 AA) 

212 248 276 
* * GAPTA * * -.-YNEGI.-. *-.FFNNY*.- Human B lymphoma 

Human B lymphoma A - A - AA 4 
AAT #5 ccc 

#IO ccc GAG AAG 
AAT #20 CCA - GAA - 

GAA 

Fig. 2. Structure and deduced amino acid sequence of' a2+6ST cDNA. (A) The partial deduced amino acid sequences of a2-+6ST clone 
#5, #IO, and #20 from human Burkitt lymphoma cell line Daudi and the comparison with those from rat liver (22), human placenta (40), ancl 
human B lymphoma cell line (41). The numbers at the top ancl the bottom of the seqnences represent the amino acid positions from the N- 
termini of the rat liver sequence and the clone #LO, respectively. (B) Schematic illustration of the cloned human a246ST cDNA from Daudi. 
The numbers at  the top of the illustration represent the nucleotide positions. The closed and the open boxes represent the transmembrane 
and the catalytic domains, respectively. The bar at the bottom ofthe open box represents the position of the first sialyl motif. (C) The partial 
deduced amino acid sequences of a2-+6ST cDNA from human B lymphoma cell line (41) and the respective nucleotide sequences of the 
reported and the cloned cDNA, #5,  #IO, and #20. The numbers at the top of the amino acid sequences represent the positions from the fi 
terminus of that from the human B lymphoma a2-+6ST. 

pare specific activities of a2+6ST on glycoprotein and 
glycosphingolipid on the basis of possible acceptor con- 
centrations, the relative activity values were calculated 
as mole NeuAc transfer/moie acceptor oligosaccha- 
rides per mg enzyme protein per h, and expressed as 
ratios to the NeuAc transfer activity to nLc,Cer (Table 
2). While Lc4Cer and LcgCer did not accept NeuAc in 
a2+6 linkage, nLc4Cer, nLc,Cer, and synthetic nLc4- 
PA were shown to be good acceptors using a2+6ST 
overexpressed in COS-1 cells. For glycoprotein ac- 
ceptor, ASalAGP was proved to be an &fold better ac- 
ceptor than glycolipids in this overexpression system. As 
ASalAGP has various types of possible acceptor sites on 
its molecule (47 oligosaccharides per one molecule of 
ASalAGP), we studied the NeuAc transfer activities on 
a synthetic neoglycoprotein, nLc,-HSA, that has only 
nLc,Ose on the protein molecule as acceptor sites (15 
oligosaccharides per one molecule of nLc,,-HSA) . Strik- 
ingly, the overexpressed crude enzyme preparation was 
demonstrated to have greater catalytic activities on 
nLc,-HSA than on ASalAGP as presented in Table 2. 

Apparent K,u values of a2+6ST overexpressed in 
COS-1 cells for acceptor substrates, ASalAGP and 

nLc,Cer, were determined under the standard assay 
conditions with fixed CMP- [ 'IC] NeuAc concentration 
at 0.15 mM. In Table 2, K*,values were calculated in two 
different ways; K,J, mM as whole acceptor molecules of 
glycoprotein or glycolipid; K,$, mM as acceptor oligo- 
saccharide molecules. &l for ASollAGP was 0.28 mM, 
and there was little difference between the purified en- 
zyme preparation and the crude enzyme fraction from 
COS-I cells transfected with the clone #10 a2+6ST 
cDNA. Likewise, K,,l against nLc4Cer was 0.82 mM, and 
this value was almost the same as of the purified 
a2+6ST. However, Kn,2 against ASalAGP and nLcI- 
HSA were calculated as 13.1 and 3.3 mM as they had 
47 and 15 possible acceptor oligosaccharides on each 
protein molecule, respectively. Using the KL12 values, 
v,ay/K,,f ratios of the a2-+6ST overexpressed in COS-1 
cells for acceptor substrates were also determined and 
calculated under the standard assay conditions; the ra- 
tio was designated as V,,L,/K,v2 ratio in Table 2. The 
crude membranous fraction from the transfectants re- 
vealed that a2+6ST had 0.59 and 0.75 as V,,JKnl ratios 
for nLc.+Cer and nLc4-PA, respectively. Although the ra- 
tios for glycolipid acceptors were lower than those for 
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Fig. 3. RNA blot analyses of the COS-I cells transfected with a 2 4  
6ST cDNA. Each 20 pg total RNA from COS-I cells (lanes 1, 4, and 
5 ) .  COS-I cells transfected with the vector pRc/CMV alone (lanes 2. 
5.  and 8). and from COS-1 cells transfected with the a2+6ST cDNA- 
containing plasmid # I O  (lanes 3. 6, and 9) was electrophoresed in 
0.75% agarose gel, blotted to nylon membrane, Biodyne B (Nippon 
Genetics, Tokyo, Japan), hybridized with "P-labeled a 2 4 6 S T  cDNA. 
and detected with autoradiography (lanes 1, 2. and 3). The mem- 
brane was rehybridized with '2P-labeled neomycin resistant cDNA 
fragment (lanes 4, 5, and 6). The ribosomal RNA was stained with 
ethidium bromide (lanes 7, 8, and 9). The arrows indicate the posi- 
tions of RNA markers 9.5, 7.5, 4.4, 2.4, and 1.4 kb, and 28s and 18s 
ribosomal RNA bands. Arrows A and B indicate the positions of the 
messages from the transfected cDNA, a2+6ST and neomycin- 
resistant selection marker, respectively. 

glycoprotein acceptors ASalAGP (0.95) and nLc4-HSA 
(5.12), the a2+6ST had substantial activities for glyco- 
lipid acceptors as well as for glycoproteins on the basis 
of acceptor oligosaccharide concentration levels. 

Product identification of NeuAccu2+6Gal 
structures 

Figure 6A and B demonstrate the results of product 
identification on HPTLC plate using a2+6ST overex- 
pressed in COS-1 cells as crude enzyme preparation 
and nLc,Cer as an acceptor substrate. While the 
transfected cells with vector alone catalyzed NeuAc 
transfer to nLc4Cer in only a2+3 linkage (Fig. 6A; lane 
l) ,  the transfectant with the clone #10 a2+6ST cDNA 
was clearly demonstrated to generate IV'NeuAc- 
nLc4Cer along with WNeuAc-nLc4Cer (Fig. 6A lane 
2). The structure of W'NeuAc-nLc,Cer was not only 
estimated by the mobility on HPTLC plate comparing 
with the authentic standard, but also proved to have 
NeuAca2+6Gal structure at the non-reducing end by 
TLC-immunostaining using a mAb antibody 1B9 (Fig. 

n AS alAGP; mock 
t d  

n AS alAGP; mock 

alAGP; #10 t 
0 50 100 150 

Acceptor protein (Crg) 

Fig. 4. Relative activities of the transfected a2+6ST against glyce 
protein acceptors. The sialyltransferase activities were assayed by incu- 
bating the crude membranous enzyme preparations (200 pg protein 
per assay) from COS-I cells transfected with the clone # I O  and with 
the vector only (designated as mock) in the presence of kSalAGP 
or a l  ACP. The detergent and sugar donor substrate concentrations 
were Triton CF-54 at 0.3% and CMP-NeuAc at 0.5 mM. respectively. 
The values were expressed as relative activities comparing with those 
without acceptor protein (100% = 19.9 nmol/mg protein/h) and 
means of two determinations. Similar results were obtained in repli- 
cate assays using replicated cell cultures. 

2 200 fl 

1 2 3 4 5  

Fig. 5. Activities of the transfected a2+6ST against glycolipid ac- 
ceptors. The sialyltransferase activities were assayed by incubating 
the crude membranous enzyme preparations from COS-I cells 
transfected with the clone #5. # I O ,  and the control vector (mock trans- 
fection) in the presence of glycolipid acceptor nLc4Cer. The catalytic 
activity on nLc4Cer was determined by direct identification of the re- 
action products on HPTLC plate using BAS 2000 bioimage analyzer. 
Cmlumn 1; a2+3sialyltransfera%e activities from the mock transfec- 
tion, column 2; a2+3sialyltransfera~e activities from the clone #IO,  
column 3; a2+6sialyltransferae activities from the mock. column 
4; a2-&ialyltransferase activities from the clone #5, column 5: a 2  
-&ialyltransferase activities from the clone #IO. 
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TABLE 2 .  Acceptor specificity of the enzyme fraction froni <: (%I  tule that would determine aP-+6ST activities o i l  glyco- 
sphingolipids by interaction with an  endogerious g~tic'. 
transcript, or protein, we fused the catalytic and stc'ni 

Acceptor .4crivities K,!,I" R,P i:,,,,, ~ ~ i ( l  .~ domain of the predicted polypeptide to a secrt.tec1 f o r i i  I 

ASalAGP 8.29 0.28 19.1 12.4 0.05 of the IgG binding domain of staphylococcal protrin ,\. 

cells transfected with cDNA encoding n'L-tiiST 

Relative ,;,,,,y/A,2 

nLc4-HSA 11.3 0.22 3.30 16.9 5.12 
nl,c,Crr 1 0.82 0.82 0.4H 0.59 
n LqjCer 1.11 11.d. I d .  I 1 . d .  nxi. 
nLc4-PA 1.85 1 . 1  1.1 0.82 0.75 
Lc,(:er <0.01 11.d. 1l.d. iid. i i d .  

I .c.,<:cr <0.01 n.d. l1.d. l1.d. l 1 . d .  

Activities of the transfected a2+6ST into (;OS1 cells in the opti- 
mal condition were measured as described in Experimental section. 
The relative activities were calculated comparing each activity ;is 
mole N r d c  transler/mole acceptor oligosaccharides/ mg e n ~ y i n r  
protein/h and expressed as ratios to the NeuAc transfer activities to 
nL,c,Cer. The units of f& are expressed in two ways; i i i ~  as a whole 
acceptor molecule (K,,I) and mM as acceptor oligosaccharide mole- 
cules (K , ,2 ) .  The r/,,l, unit is expressed as nmole NcirAc transfei-ling 
protein/h and the data vn,J&2 ratio is presented. Kinetic coiisti i i it~ 

were determined by plotting the data in double reciprocal form,  and 
by calculating slope and intercepts by the method of  least squares; 
n.d., not determined. 

"mM as whole acceptor prorein or glycolipid n~r~lrcule.s. 
"mM as acceptor oligosaccharide molecules. 
'nmole Net~Ac transferlmg enzyme protein/h. 

6B, lane 3 ) .  The specificity of 1B9 mAb has been charac- 
terized to be the terminal NeuAca2+6GalPl+ ( 3 2 ) .  
These results suggested that the NeuAca2+6Cal-bear- 
ing reaction product observed in the assay mixtures 
containing nLc,Cer was due to the action through 
a2+6ST cDNA transfected into COS-1 cells. 

Analyses of NeuAccw2-+6Gal structure-containing 
gangliosides in the transfected COS-1 cells 

To further confirm the effect of the a2+6ST cDNA 
action on the transfected cells, we characterized the 
COS-1 cells transfected with the cDNA in the in situ 
situation. The NeuAca2-+6Gal structure-containing 
gangliosides in the transfectants were analyzed by TLC- 
immunostaining method using a mAb antibody 1B9 
(38) .  As shown in Fig. 7, an 1B9-reactive ganglioside in 
the transfected COS-1 cells with the clone #5 arid #10 
of a 2 4 6 S T  cDNA was clearly detected by the analysis 
(lanes 2 and 3 ) ,  while those in the mock transfectan t 
were faint (lane 1).  Compared to the positions of the 
authentic IV'NeuAc-nLc ,Cer, the structure of the 
main 1 BS-reactive ganglioside in the tr-ansfected cells 
was not IV6NeuAc-nLc4Cer. The TL<:-iminunostainiiig 
data indicated that at least a ganglioside containing the 
terminal NeuAca2+6Gal structure was generated by 
the action of a 2 4 6 S T  cDNA transfected in COS-1 cells 
in the in situ situation. 

Analyses using a soluble staphylococcal protein 
A-a2+6ST fusion protein 

To exclude the possible contamination of the other 
sialyltransferase or  involvement of a tram-acting mole- 

Conditioned media prepared from COS- 1 cells trans- 
fected with pPROTA2-a26ST or with pCDM8-a26ST 
contained substantial cxP-+(iST activities on glycosphin- 
golipids as shown in Table 3. However, the released ac- 
tivity generated by pPROTA2-a26ST was specifically I X -  

tained by the IgG-Srpharose, whereas the activity by 
pCDM8-a26ST was n o t  bound. Thesr results show that 
the protein encoded by the a'L-6ST directly catalyzes 
NeuAc transfer on to glycosphingolipids. 

Using the soluble a2+6ST fusion, sequence specific 
NDV neuraminidase (42),  and sequence nonspecific A. 
urpufaripns neuraminidase, the enzyme product was fiir- 
ther identified on the HPTIX plate as shown in Fig. 6(: 
(43). While NetlAcaP+SGal-specific NDV neuramini- 
dase could not catalyze the piirified pPROTA2-a26ST 
reaction product (lane 7), A .  uru#zc.icn.r neuraminidase 
hydrolyzed a significant amount o f  the product (lane 
8); the remaining products were only 20% of the mock 
treatment (lane 6) and 13% of NDV neuraminidase 
treatment. As NDV neuraminidase could hydrolyze the 
radiolabeled authentic standard IV'NetAc-riL,c , C h -  
(lanes 9, I O ) ,  the negative result in the lane 7 was 
thought to be significant. Consequently, together with 
the results using NeuAca'L+GGal~l -+specific mAb 1BS 
(Fig. 6; panel R) , the linkage of sialyl-paragloboside 
fornmed by the cloned sialyltransferase was considered 
as NetAca:!-+(iGal instrad of NcwAcaP-+,.'(Gal. 

DISCXJSSION 

To date over 10 sialyltransferases have been cloned 
from various cells or tissues. Among them, GalPl-+3- 
GalNAc a2~3sialyltransferase (44), GalNAc a2-+6sia- 
lyltransferase (45), and GalPl+3GalNAc (GalNAc spe- 
cific) a2-+6sialyltransferase (46) were reported to be 
Oglycan specific or preferable. While CMP-NeuAc : 
GM3 a2+8sialyltransferase (GD3 synthase) (47) is gan- 
glioside specific a2+8sialyltransferase, polysialyltrans- 
ferase-1 from hamster (48) and a developmentally reg- 
ulated member of the sialyltransferase family (STX) 
(49, 50) were reported to catalyze NeuAc transfer onto 
polysialic acid and onto N-linked oligosaccharides in 
a243 linkage, respectively. On the other hand, GalPl 
+ 3 /  1 -+4GlcNAc a2-+3sialyltransferase (51), GalPl 
-+ 3GalNAc / GalP 1 +4GlcNAc a2 -+ 3sialyltransferase 
( 5 2 ) ,  and GalPl +3GalNAc a2-+3sialyltransferase ( 5 3 )  
catalyze their reaction both on glycoprotein and on gly- 
cosphingolipids. The latter two, however, were demon- 
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Fig. 6. Product identification of a2+6ST from the transfected COS1 cells. (A) The reaction products from 
the assay using the crude membranous enzyme preparations form COS1 cells transfected with the control 
vector (lane 1) or with the clone # I O  (lane 2) in the presence of glycolipid acceptor nLc4Cer were purified 
by reverse phase column chromatopphy and separated on the HPTLC plate using the solvent chloroform- 
methanol-0.2% CaClp 50:50: I O  (v/v/v) (see Experimental section for the details). The arrows indicate the 
positions of IV'NeuAc-nLcOse,Cer (a) and IV"euAc-nLcOse,Cer (b). (B) The reaction products from the 
several assay mixtures using the enzyme preparation from COS-I cells transfected with the clone #10 in the 
presence of nLc4Cer were prepared, separated on the HPTLC plate using the same solvent system, and detected 
by TLC-immunostaining method using 1BS mAb (lane 3) and an irrelevant mAb against human I g C  (lane 4). 
Lane 5; authentic standards IV'NeuAc-nLcOse4Cer (arrow c) and IVNeuAc-nLcOse,Cer (arrow d )  visual- 
ized by resorcinol-HCI spray. (C) The reaction products from the a s a y  using the purified pPROTA2-a26ST 
fusion protein in the presence of radioactive sugar nucleotide donor and acceptor nLc,Cer were treated 
with NDV and A. unaJiitimc neuraminidases, purified by SepPak C18 reverse phase cartridge, evaporated, 
separated on the HPTLC plate using the solvent sptem of chloroform-methanol-0.2% CaCI2 55:5010 
(v/v/v), and detected by autoradiography. Lanes 6, 7, and 8 are mock treatment, NDV neuraminidase treat- 
ment, and A. unn/nrim neuraminidase treatment, respectively. Lane 9 is the authentic standard mixture 
[sialic-4,5,6,7,8,9-"C] IV'NeuAc-nLcO~e~Cer (arrow e) and [sialic-4,5,6.7,8.9-"C] WNeuAc-nLcOse,Cer 
(arrow f) .  Lane I O  is the NDV neuraminidase-treated authentic standard mixture. 

strated to preferen tially sialylate the terminal Gal of gly- 
cosphingolipids in a2+3 linkage rather than of 
glycoproteins. 

By contrast, it has been still uncertain whether glyco- 
sphingolipids could be good acceptors of the a2+6ST 
(22) or whether there could be another different 
a2+6sialyltransferase specific for glycosphingolipids. 
In our present study, cDNAs, that encode a2+6ST, 
were cloned from human Burkitt lymphoma cell line 
Daudi and sequenced. Although our clones had se- 
quence heterogeneity different from that reported else- 
where (41). the transfected COS-1 cells were revealed 
to express a2+6ST activities not only on glycoprotein 
but also on glycosphingolipid acceptors. According to 
the elevated activities, the acidic glycolipid fraction in 
the transfectants contained a greater amount of NeuAc- 
a2+6Gal-containing component than the fraction 
from the mock transfectants. Our results from the analy- 
sis in this in situ situation suggested that the in vitro 
observations found in kinetic experiments were not due 
to a minor contamination of the other a2+6sialyl- 
transferases specific for glycosphingolipids or due to an 
artifactual specificity of the enzyme. Instead, the obser- 

vations can be thought as the results of the action of 
a2+6ST cDNA transfected into the cells. Furthermore, 
staphylococcal protein A-a2+6ST fusion protein was 
shown to exhibit substantial activity on nLc4Cer. This 
indicates that the protein encoded by the a2+6ST di- 
rectly catalyzes NeuAc transfer onto glycosphingolipids 
instead of in a trans-acting manner. 

For sequence heterogeneity of a2+6ST, two tran- 
scripts have been identified in cells with a mature B- 
cell phenotype and in placenta (40, 41). These were 
reported to differ considerably in a part of their 5' 
untranslated regions (54). However, we cloned and 
sequenced three cDNA transcripts from Burkitt 
lymphoma cell line Daudi and showed that the se- 
quences were the types of placenta rather than those of 
B-cells in spite of the cloning source. As shown in Fig. 
2, all three clones had Lys instead of Leu at the position 
of 27 and His-Arg instead of Thr at the position of 72- 
73. The heterogeneity at the position 240 was supposed 
to be due to an error of AmpliTaq DNA polymerase 
during PCR reaction, as only clone #20 had Arg instead 
of Lys. On the other hand, the other heterogeneity at 
the positions of 27 and 72-73 were not due to PCR er- 
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Fig. 7. Analyses of glycosphingolipids containing NeuAcaP+BGal 
sequences in the a2+6ST-transfected COS-1 cells. Ganglioside frac- 
tions were prepared from the clone #5 and #IO-transfected COS1 
cells and the mock transfected cells. One pg of ganglioside was spot- 
ted in each lane, separated on HPTLC plate, and stained sequentially 
with 1B9 monoclonal Ah or  an irrelevant mAh against human I&;, 
with rahhit anti-mouse IgM Ah, and with ""I-labeled protein A. Liane 
1; the mock transfected COS-1 cells, lane 2; the clone #5-transfected 
cells, lanes 3-4: the clone #IO-transfected cells. Lanes 1-3 stained 
with mAh 1B9, lane 4; stained with mAb against human I*. Arrow 
a indicates the position of the detected signals. Lane 5; the authentic 
standard WNeilAc-nLc,Cer (arrow b) visualized hy the resorcinol- 
HCI spray method. 

Tors, because these sequences were in good agreement 
among the three clones. It would be of interest to inves- 
tigate the reason and mechanism why our cell line 
Daudi generates the placenta type instead of B-cell type 
transcript. 

a246ST has been demonstrated to play crucial roles 
generating leukocyte cell surface-differentiation anti- 
gens; CDw75 and CD76 ( 16). In addition, CD76 was re- 

TABLE 3. Affinity chromatographical analyses of soluble 
staphylococcal protein Aa2+6ST fusion released 

from transfected COSl cells 

NenAc Transfer Acti\irv 10 nI.c,Cxr 

1gGSepharw.e Srpharose 

Vector Applied Sap Round Applied Sap Round 
~ _ _ _ _  

pmol /h / lO m L  rnlturt- i n d i u m  

pCDMPrcl26ST 5.8 4.9 n.d. 5.8 5.4 n.d. 
pPROTA2a26ST 20.3 n.d. 9.2 20.3 21.1 n.d. 

COSl cells were transfected with pCDMPrcl26ST or  pPROTA2- 
a26ST and culture media were subjected to chromatography on IgG 
Sepharose or Sepharose. Catalytic activity of " A c  transfer onto 
nlr,Cer was then determined using the matrix supernatants (Sap) 
and the washed matrices (Bound). Assay conditions were the same 
as Fig. 5;  n.d., no  detectahle activity. 

ported to be an a2+6 sialylated lacto-series motif 
found on glycolipids (20). Our current results support 
that the same a2+6ST could possibly generate cell sur- 
face carbohydrate epitopes CDw75 on glycoproteins 
and CD76 on glycosphingolipids. In fact, our recent o b  
servations using human myelogenous leukemia cell line 
HL-60 cells revealed the roles of a2+6ST during cell 
differentiation. i) The activities of the a2+6ST are up- 
regulated during monocytic and granulocytic differenti- 
ation (14) ii) The message of the a2+6ST is also up- 
regulated during differentiation into both lineages (M. 
Nakamura, A. Tsunoda, Y. Furukawa, T. Kudo, H. Nari- 
matsu, and M. Saito, unpublished results). iii) Together 
with the up- and down-regulations of the most u p  
stream glycosyltransferases in the total metabolic flow 
of glycosphingolipid biosynthesis (14) the a2+6ST 
generates CDw75-reacting glycoprotein in monocytic 
differentiation and CD76-reacting glycosphingolipids 
in granulocytic differentiation (M. Nakamura, A. Tsu- 
noda, Y. Furukawa, T. Kudo, H. Narimatsu, and M. 
Saito, unpublished work). I t  is not yet uncertain 
whether the location of CDw75-carbohydrate determi- 
nant is on 0-glycans or N-glycans. However, our prelimi- 
nary study implies that CDw75 epitope exists, at least in 
part, on 0-glycans (M. Nakamura, A. Tsunoda, Y. Furu- 
kawa, T. Kudo, H. Narimatsu, and M. Saito, unpub 
lished results). This suggests that the a246ST could 
utilize 0-glycans as acceptors as well as N-glycans and 
glycosphingolipids. However, the precise and further 
elucidation is required. 

Synthetic neoglycoprotein nLc4-HSA, that has only 
the same terminal oligosaccharide moieties as nLc,Cer 
and nLc&er, accepted more NeuAc in a2+6 linkage 
than native glycosphingolipid acceptors and synthetic 
nLc,-PA (Table 2). At least for the a2+6ST, glycopro- 
teins can therefore be thought of as better acceptors 
than glycosphingolipids. As conformation of a protein 
moiety was supposed to influence the structure of their 
sugar chains and the activities of glycosyltransferases 
that act on the sugar chains (55), some conformational 
influence of the protein moieties or ceramides may re- 
flect the activity preference. However, it is possible that 
we have not so far obtained an ideal and optimal condi- 
tion for glycosyltransferase assay using glycosphingolip 
ids as acceptors or there could be an additional compu- 
nent, such as an activator protein for glycosidases (56), 
for the complete enzymatic function of the a2+6sialyl- 
transferase. To clarify these points, further studies 
would be required. Although we do not exclude a possi- 
bility that there could be another a2+6sialyltransferase 
for glycosphingolipids distinct from the a246ST used 
in this study, at least the a2+6ST gene from Daudi was 
suggested to be one of the responsible sialyltransferase 
enzymes for generating NeuAca2+6Gal~l+4GlcNAc 
sequence on glycosphingolipids.iA 
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