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CMP-NeuAc:(NeuAca2 > 8)n (colominic acid) 
sialyltransferase activity in rat brain and in tumour 
cells that express polysialic acid on neural cell 
adhesion molecules 
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A method for the assay of CMP-NeuAc:(NeuAcol2 --0 8)n (colominic acid) sialyltransferase activity was 
developed. Using a 1-day-old rat brain membrane fraction as an enzyme preparation optimal activity was 
obtained at pH 6.5, 0.3% Triton X-100, and 5 mM MnC12. However, no absolute cation requirement was 
found as EDTA only partially inhibited the activity. Within a concentration range of 0.3-3 mg colominic acid 
(which consists of a mixture of oligomers of ol2 --o 8-1inked sialic acid) per 50 ~tl a V of 0.61 nmol per mg 
protein h -~ was estimated while a half-maximal reaction velocity was obtained at a concentration of 1.75 mg 
per 50/A. High performance anion-exchange chromatography of the radioactive products formed in the 
reaction showed that sialic acid oligomers ranging in size from a degree of polymerization (DP) of 2 up to at 
least DP 9 could serve as acceptor substrates. Comparison of the acceptor properties of DP 3 and DP 6 
showed that the larger oligomer was acted upon with a 10-fold higher efficiency. Periodate oxidation of the 
products followed by reduction and hydrolysis yielded the C7 analogue of NeuAc as the only radioactive 
product, indicating that under the conditions of the assay only a single sialic acid residue was introduced into 
the acceptor molecules. Using the assay it appeared that in rat brain the activity of this sialyltransferase 
decreased six-fold during postnatal development to the adult stage. The assay method was also applied to 
lysates of several neuroblastoma and small cell lung tumour cell lines, which differ in the expression of 
polysialic acid as well as of the neural cell adhesion molecule NCAM, a major carrier of this polymer. 
Activity of the sialyltransferase appeared to be correlated with the expression of polysialic acid present on 
NCAM. These results indicate that this sialyltransferase might function in the process of poly-sialylation. 
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Abbreviations: DP, degree of polymerization; HPLC, high-performance liquid chromatography; NeuAc, 
N-acetylneuraminic acid; NCAM, neural cell adhesion molecule; PSA, polysialic acid, Sia, sialic acid. 

Introduction 

In mammals  a polymer  of o~2--0 8-1inked NeuAc  was 
described for the first t ime in developing rat brain as a 
unique N-linked carbohydrate  unit [1]. These units were 
specifically demonst ra ted  on the neural  cell adhesion 
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molecule (NCAM) [2, 3], which functions in embryonic 
development  by mediating cell-cell adhesive interactions 
in processes like neurite fasciculation, neuromuscular  
interaction and cell migration [4-6].  The embryonic  form 
of N C A M  is particularly rich in polysialic acid (PSA). 
Upon  maturat ion,  however,  the degree of sialylation 
gradually decreases and the adult form of N C A M  con- 
tains significantly reduced amounts  of  sialic acid [2, 7]. 
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This reduction in PSA has been postulated to increase 
homophilic adhesion between cells [8]. 

Although polysialylated NCAM is most abundant in 
nervous tissue, it is not confined to it. For example, 
temporal expression of the polysialylated form of this 
molecule has also been reported in rat kidney [9] and 
muscle [10]. While the amount of polysialylated NCAM 
is generally highly reduced in adult tissue [2, 7], re- 
expression of the polysialylated form has been reported 
in the case of several human tumours such as medullo- 
blastomas [11] and nephroblastomas (Wilms' tumour) 
[12]. In addition high expression of polysialylated NCAM 
has been described in human neuroblastoma cells [13, 14] 
and in small cell lung carcinoma cells [14-16]. High 
expression of PSA on sublines of the latter cells has 
recently been demonstrated to be correlated with 
reduced cell-cell adhesion and a higher incidence of 
metastasis in nude mice [17]. Thus PSA on NCAM has 
appeared to be an onco-developmental antigen that, as a 
result of a decreased homotypic interaction between 
NCAM molecules when they are polysialylated, may 
enhance the metastatic potential of malignant cells 
[17, 18]. 

In order to study the control of the expression of PSA, 
methods to assay the activity of the sialyltransferase(s) 
involved in the synthesis of this polymer have been 
developed. In one assay endogenously present NCAM or 
exogenously added NCAM was used as an acceptor [19]. 
The formation of PSA chains was demonstrated by using 
a prokaryotic probe (endo-neuraminidase). Applying this 
assay a developmentally regulated expression of poly- 
o:2 ~ 8-sialyltransferase activity in rat brain was found 
[19, 20]. More recently an assay was described that 
permits the formation of sialic acid oligomers of DP i> 10 
catalysed by the rat brain enzyme to be estimated [21]. In 
addition an assay has been described for the determina- 
tion of poly-o:2 ~ 8-sialyltransferase activity in unfertil- 
ized eggs [22] and ovaries [23] of the rainbow trout by the 
use of fish egg poly-sialoglycoproteins as exogenous 
acceptors. Although it has been found that colominic 
acid (a mixture of oligomers of 0~2 --~ 8-1inked sialic acid) 
is an acceptor for the poly-sialyltransferase of Esherichia 
coli K1 in vitro [24], it was reported that this oligomeric 
substrate is not an acceptor for either the fetal rat brain 
or the trout ovary enzymes [19, 23]. 

We have re-investigated the possibility of using colo- 
minic acid as an exogenous acceptor for sialyltransferase 
in mammalian tissues and cells because of its ready 
availability. Using 1-day-old rat brain membranes as an 
enzyme preparation a convenient assay system was 
developed with which the enzymatically catalysed trans- 
fer of sialic acid from CMP-NeuAc to this acceptor could 
be demonstrated. Assay conditions were optimized and 
the product of the reaction was characterized. The 
method was used to assay CMP-NeuAc:(NeuAco:2 ~ 8), 

(colominic acid) sialyltransferase activity in rat brain 
during postnatal development as well as in several 
neuroblastoma and small cell lung carcinoma cell lines, 
that vary in the expression of PSA and NCAM. 

Experimental procedures 
Materials 

Colominic acid was purchased from Sigma. CMP- 
[3H]NeuAc (specific radioactivity 28Cimmo1-1) was 
obtained from Du Pont-New England Nuclear. Un- 
labelled CMP-NeuAc was prepared as described previ- 
ously [25] and was used to dilute the labelled sugar 
nucleotide to the desired specific radioactivity. Mono- 
clonal antibody 123C3, directed against NCAM, was 
obtained as described previously [14]. Monoclonal anti- 
body 735, directed against oc2 ~ 8-polysialic acid [26], 
was kindly provided by Dr Bitter-Suermann, Hannover, 
Germany. Rat brains were obtained from litters of white 
laboratory animals of mixed sex at different ages and 
from adult females. Brains were homogenized at 0 °C in 
10 mM sodium cacodylate, pH 7.0 using a Potter-Elveh- 
jem system with a teflon pestle rotating at 1500 rpm twice 
for 0.5 min. The homogenates were centrifuged for 
10 min at 500 x g and the resulting supernatants were 
centrifuged for 60 rain at 120.000 x g. The pellets were 
then re-homogenized in buffer to yield membrane frac- 
tions at a protein concentration of 14-38 mg of protein 
per ml. These preparations were stored frozen at -20 °C 
until use. The neuroblastoma cell line of CHP-212 was 
kindly provided by Dr Schlessinger, Philadelphia, PA 
[27]. The small cell lung cancer cell lines H69 and Alc-3 
were generous gifts of Drs Carney (Dublin, Ireland) and 
Jongsma (Amsterdam, The Netherlands), respectively. 
The neuroblastoma cell line SK-N-SH, the human 
ovarian cancer cell line OVCAR-4, and the monkey 
kidney cell line COS 5/7 cells were obtained from the 
ATCC (Rockville, MD) .  All cell lines were maintained 
in Dubecco's modified Eagle's medium supplemented 
with 10% fetal calf serum and antibiotics. Cells were 
homogenized as described above for rat brain to give cell 
lysates containing 15-35 mg of protein per ml. 

Standard sialyltransferase assay 

Standard assay mixtures contained in a total volume of 
50#1 i mg colominic acid, 25 nmol CMP-[3H]NeuAc 
(3.8 Cimol-1), 5/tmol sodium cacodylate buffer pH 6.5, 
0.25/~mol MnC12, 0.15/~1 Triton X-100 and brain mem- 
branes (0.2-0.6 mg protein). Incubations were conducted 
for 4-5 h at 37 °C. Sialyltransferase activities in cell 
lysates (0.3-0.8 mg protein per incubation) were assayed 
using the standard incubation system except for the use 
of 10 mg colominic acid and an incubation time of 16 h. 
Reactions were stopped by the addition of 200 ~1 0.05 M 
ammonium acetate, pH 5.4, and cooling in ice. Samples 
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were then centrifuged in an Eppendorf centrifuge for 
4 min at maximal speed. Pellets were washed once with 
the same amount of buffer and centrifuged again. To 
separate the excess CMP-[3H]NeuAc from the 
[3H]NeuAc incorporated into colominic acid the com- 
bined supernatants were passed over a column 
(0.7 x 50 cm) of Bio-Get P-4 (200-400 mesh) equili- 
brated and eluted with 0,05 M ammonium acetate, pH 
5.4, at a flow of 10 ml h -I at room temperature. Fractions 
of 0.5 ml were collected and assayed for radioactivity by 
liquid scintillation counting. Incorporation was calculated 
from the sum of counts in the colominic acid containing 
fractions (see Fig. 1). The values were corrected for the 
incorporation into endogenous acceptors by running 
incubations lacking colominic acid and subtracting the 
counts found in these samples. 

Product characterization 
To obtain sufficient product for analysis by HPLC a 
reaction mixture was prepared containing membranes 
from 1-day-old rat brains (0.8 mg protein) and 10 mg 
instead of i mg colominic acid. Incubation was conducted 
for 16 h at 37 °C, whereafter the sample was centrifuged 
and passed over a column of Bio-Gel P-4 as described 
above. Fractions containing the products were pooled 
and aliquots were analysed by HPLC (modified from 
[28]) on a column (4.7 x 110 ram) of Partisphere 5 Sax 
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Figure 1. Isolation of the product of the sialyltransferase from 
1-day-old rat brain from an incubation mixture (A) with 
colominic acid as acceptor substrate and (B) without exogen- 
ously added acceptor. Mixtures were applied to a column of 
Bio-Gel P-4 as described under Experimental procedures. 
Fractions were assayed for radioactivity by liquid scintillation. 
170, fraction 11; products, fractions 10-18; oligomer DP 3, 
fraction 18; excess precursor label (CMP-pH]NeuAc), fractions 
19-29 (top 23-24); Vt, fraction 33. 
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(particle size 5 #m; Whatman) using a Kratos Spectro- 
flow 400 solvent delivery system, equipped with a Rheo- 
dyne 7105 injection valve. Elution was with 20mM 
KH2PO4, pH 5.4, for 10 min at a flow of 1 mlmin -I after 
which a discontinuous, convex gradient was applied 
increasing the buffer concentration to 400ram at 
t = 140 min. Detection of oligomers of sialic acid was 
performed with a Kratos Spectroflow 757 absorbance 
detector operating at 195 nm connected to a Hitachi 
D-2000 integrator. Radioactivity was detected by liquid 
scintillation counting of the etuate which was collected in 
fractions of i ml. 

Flow cytometry 
Cells were dispersed in PBS, pH 7.2, containing 2 mM 
EDTA, and incubated with excess unlabelled antibody in 
PBS containing 0.2% BSA at 4 °C. Unbound antibody 
was washed away with PBS-0.2% BSA and cells were 
subsequently incubated with a 1:30 dilution of FITC 
labelled goat anti-mouse antibody (Nordic, Tilburg, The 
Netherlands). The cells were then washed three times 
and analysed with a FACS IV cell sorter (Becton and 
Dickinson, Sunnyvale, CA). 

Results 
Assay of CMP-NeuAc:(NeuAca2 --> 8)n (colominic acid) 
sialyltransferase 
A membrane preparation of 1-day-old rat brains was 
used to set up and to optimize the assay of CMP-NeuAc: 
(NeuAca~2 ---> 8). (colominic acid) sialyltransferase. 
Using the standard incubation conditions, radioactive 
products were formed which could be separated from the 
excess CMP-[3H]NeuAc by filtration on Bio-Gel P-4 
(Fig. 1). Little product was formed when colominic acid 
was absent from the incubation. No product was found 
when the enzyme preparation was omitted, ruling out the 
possibility of a non-enzymatic transfer. Under sterile 
conditions as well as in the presence of 0.02% NaN3 the 
incorporation of sialic acid appeared unimpaired indicat- 
ing that the transfer was not due to a contaminating 
bacterial enzyme. Hence colominic acid appeared to be 
an acceptor for a sialyltransferase in young rat brain. 
Although it is known that colominic acid is subject to 
intramolecular self-cleavage at pH <~ 5.0 at 37 °C [29], no 
degradation was observed at the pH and temperature 
employed during the gel filtration step (pH 5.4, 20 °C). A 
pH of 5.4 was chosen as buffer solutions with a higher 
pH resulted in a poorer separation of products and excess 
CMP-[3H]NeuAc. 

Optimal assay conditions 
Incorporation of sialic acid into colominic acid catalysed 
by the rat brain preparation was detected between pH 
5.5 and 8.0 with an optimum at pH 6.5 (Fig. 2). Triton 
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Figure2. pH dependency of the activity of CMP-NeuAc: 
(NeuAcol2 --~ 8), (colominic acid) sialyltransferase from 1-day- 
old rat brain. 

X-100 up to a concentration of at least 1.5% stimulated 
the enzyme activity, but also made an endogenous 
acceptor (presumed to be NCAM) available to the 
sialyltransferase resulting in an increase in incorporation 
into this acceptor as the detergent concentration raised 
(Fig. 3). Subtraction of the values obtained without 
exogenous acceptor from those obtained with colominic 
acid added showed that 0.3% Triton X-100 was the 
optimal concentration to assay the sialyltransferase activ- 
ity. The sialyltransferase did not appear to have an 
absolute requirement for divalent cations as E D T A  did 
not abolish the enzyme activity (Table 1). Some cations 
at a concentration of 5 mM, however, were slightly 
stimulatory, Mn 2+ being the most effective, while Zn 2+ 
was strongly inhibitory (Table 1). Varying the concentra- 
tion of MnC12 indicated that a maximal stimulatory effect 
was reached at 5 mM and was maintained up to at least 
25 mM (Fig. 4). 

Kinetics of the reaction 

In order to estimate the lowest level of sialyltransferase 
activity that could be assayed with reasonable accuracy it 
was investigated whether increased incubation times and 
increased amounts of enzyme would still yield reliable 
kinetics. It was found that the reaction proceeded linear 
with time up to at least 7 h of incubation (Fig. 5A). 
Proportionality with enzyme concentration was less but 
acceptable within the limits of the amounts of enzyme 
protein added (Fig. 5B). Higher acceptor substrate con- 
centrations also increased the sensitivity of the assay 
(Table 2). By plotting 1Iv against 1/[colominic acid] it 
was found that the reaction did not follow simple 
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Figure 3. Effect of Triton X-100 concentration on the activity 
of CMP-NeuAc:(NeuAco~2--~ 8)n (colominic acid) sialyltrans- 
ferase of 1-day-old rat brain membranes. Activity toward 
endogenous acceptors, (A); total activity upon addition of 
exogenous acceptor (colominic acid) (O); incorporation into the 
exogenous acceptor solely (0) calculated by subtraction. 

Table 1. Effect of divalent cations and EDTA on the activity of 
CMP-NeuAc:(NeuAco:2 ~ 8), (colominic acid) sialyltrans- 
ferase of 1-day-old rat brain. The standard assay conditions 
were used except for the omission of MnC12 and the addition of 
the salts indicated 

Addition Sialyltransferase activity 
(5 mM) (%) 

None 100 
MnC12 166 
MgC12 149 
CaC12 130 
ZnC12 7 
EDTA 71 

Michaelis-Menten kinetics. However, Lineweaver-Burk 
plots yielded straight lines when the acceptor concentra- 
tion was varied between 0.3 and 3.0 mg per incubation 
(not shown). Within these limits a V of 0.61 nmol per mg 
proteinh -1 was found while a half-maximal reaction 
velocity was obtained at a concentration of 1.75 mg 
acceptor per 50 #1. The anomalous kinetics at concentra- 
tions beyond these limits are probably explained by the 
heterogeneous nature of colominic acid, which is known 
to consist of a mixture of oligomers of NeuAc differing in 
size [29] (see also Fig. 6A). Indeed Michaelis-Menten 
kinetics were followed with defined oligomers; with DP 3 
and DP 6 Km values of 15 and 23 mM and V values of 
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0.19 and 3.45nmol per mg proteinh -i, respectively, 
were estimated. From these values kinetic efficiencies 
(V. Km ~) of 0.013 and 0.15 were calculated for DP 3 and 
DP 6, respectively, showing that the larger oligomers of 
NeuAc are the better substrates. 

Product characterization 

Prolonged incubation of 1-day-old rat brain membranes 
with colominic acid and CMP-[3H]NeuAc yielded a 
radioactive product that separated into a number of 
3H-labelled peaks upon high performance anion- 
exchange chromatography (Fig. 6B). Each peak coin- 
cided with a peak of an oligomer of NeuAc contained in 
the colominic acid preparation used as detected by 
absorption at 195 nm (Fig. 6A). Comparison of the two 
profiles indicated that a fragment as small as DP 2 could 
serve as an efficient acceptor. This was confirmed with 
isolated DP 2 which appeared to be an acceptor. 

Mild periodate oxidation and subsequent NaBH4 
reduction [30] and hydrolysis (0.1 M trifluoroacetic acid, 
80 °C, 1 h) of the product yielded a radioactive monosac- 
charide that could be identified as the C7 analogue of 
NeuAc in two HPLC systems [31, 32] (not shown). No 
intact (C9) [3H]NeuAc, that would have been found 
when the sialyltransferase had repeatedly acted on a 
single acceptor molecule (whether yielding o:2--~ 8- or 
ol2-* 9-linkages [33]), could be detected. 

CMP-NeuAc:(NeuAco~2 --~ 8)n sialyltransferase activity in 
developing rat brain 

Brain membrane preparations from rats at different 
stages of postnatal development were assayed for sialyl- 
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Figure 5. Linearity with time (A) and with enzyme (B) of the 
reaction catalysed by CMP-NeuAc:(NeuAc0L2 --> 8)~ (colominic 
acid) sialyltransferase of 1-day-old rat brain membranes. Assay" 
conditions were as described under Experimental procedures 
except for the variation in time and amount of enzyme. 

transferase activity using the method developed. A 
six-fold decrease in activity was observed from new born 
to adult (Fig. 7). 

Activity of  CMP-NeuAc:(NeuAco:2 ~ 8)n 
sialyltransferase and expression of  NCAM and polysialic 
acid (PSA) by tumour celt lines 

Several tumour cell lines, differing in the expression of 
NCAM and PSA, were assayed for sialyltransferase 



834 Easton et al. 

Table 2. Effect of the amount of colominic acid as acceptor for 
CMP-NeuAc:(NeuAccr2-~8)n (colominic acid) sialyltrans- 
ferase of 1-day-old rat brain 

Colominic acid Enzyme activity 
(mg per 50 pl) (nmol per mg protein h -z) 

0.1 0.074 
0.3 0.091 
1.0 0.23 
3.0 0.40 
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Figure 6. Characterization of the product formed in the reac- 
tion with 1-day-old rat brain sialyltransferase using colominic 
acid as acceptor. The product was isolated (see Fig. 1) and 
analysed by high performance anion-exchange chromatography 
on a column of Partisphere Sax as described under Experi- 
mental procedures. The eluate was monitored for absorbance at 
195 nm (A) and fractions of 1 ml were collected and assayed for 
radioactivity (B). 

activity. High activities were found in the neuroblastoma 
cell line SK-N-SH and the small cell lung cancer cells 
H69 and Ale-3, whereas the other cells showed much 
lower activities (Table 3). Expression of NCAM was high 
in SK-N-SH, CHP-212 and H69 cells and intermediate in 
Ale-3 cells, while PSA was abundantly expressed in 
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Figure 7. Postnatal developmental changes in the expression of 
CMP-NeuAc:(NeuAco:2 --> 8), (colominic acid) sialyltrans- 
ferase in rat brain membranes. 

SK-N-SH and H69 cells and intermediate to low in Alc-3 
cells (Table 3, Fig. 8). CHP-212 cells along with two 
unrelated control cell lines (OVCAR and COS cells) 
were essentially devoid of PSA. 

Discussion 

We have developed a method to assay the activity of 
CMP-NeuAc:(NeuAc~2--~ 8)n sialyltransferase by using 
colominic acid as an acceptor. With this method activity 
could be readily demonstrated in newborn rat brain a n d  
in cells that express PSA on NCAM. Colominic acid is 
generally considered not to be an acceptor for (poly-) 
sialyltransferases of eukaryotes such as those present in 
rat brain [19] and trout ovaries [23]. Also the recombi- 
nant form of a developmentally regulated sialyltrans- 
ferasc, cloned from a newborn rat brain eDNA library, 
was reported to be unable to act on this acceptor [34]. 
On the other hand colominic acid has been demonstrated 
to be a substrate for the sialyltransferase of E. coli K1 
[24]. Although it cannot conclusively be ruled out that we 
detected a novel sialyltransferase, it is more likely that 
the assay conditions developed in this study allow the 
activity of a previously described sialyltransferase(s) to 
be assayed. An obvious advantage of this method is that 
colominic acid is a readily available substrate. 

It could be estimated that even with the most active 
enzyme preparation used in this study << 0.1% of the 
acceptor molecules were acted upon by the sialyltrans- 
ferase. Therefore the chance that the sialyltransferase 
would act for a second time on the same sialic acid 
otigomer yielding a [3H]-NeuAc-[SH]-NeuAc linkage was 
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Table3. Expression of CMP-NeuAc:(NeuAcoc2--~ 8)n (colominie acid) sialyl- 
transferase, NCAM and polysialic acid (PSA) in some tumour cell lines 

Cell l ine Sialyltransferase activity NCAM PSA 
(pmol per mg protein h -1) 

Mean relative fluorescence intensity 
(% of cells positive above control) 

SK-N-SH 28 43 (98) 105 (96) 
CHP-212 0.7 20 (99) 4 (12) 
H69 110 28 (93) 80 (97) 
Alc-3 35 12 (56) 9 (29) 
OVCAR-4 5.9 6 (5) 5 (6) 
COS 5/7 9.2 19 (2) 21 (1) 
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Figure 8. Flow cytometry of cells. Cells were analysed for the 
expression of NCAM and PSA using the antibodies mentioned 
under Experimental procedures. 

concluded to be extremely small. This explains why only 
the C 7 analogue of sialic acid was found in the analysis of 
the products by periodate oxidation. Hence it appears 
that due to competition by the excess of acceptor 
molecules only a single sialic acid residue was introduced 
into the different sialic acid oligomers. 

In this respect the rat brain CMP-NeuAc: 
(NeuAco:2 ~ 8)n (colominic acid)sialyltransferase seems 
to differ from the sialyltransferase(s) of E. coli K1 that 
acts on an undecaprenyl carrier to yield a sialic acid 
polymer of DP 40-45 by the repeated action of the 
enzyme(s) on a single acceptor molecule [18, 30]. The E. 
coli poly-siatyltransferase can also act on an acceptor 
present in a membrane fraction of human neuroblastoma 
CHP-134 cells to yield sialic acid oligomers of DP/I-3  
[13]. Whether the E. coli enzyme catalyses mono- or 
poly-sialylation when colominic acid is used as an exo- 
genous acceptor, however, has not been established [24]. 
Also embryonic rat brain has been demonstrated to 
contain a sialyltransferase that is capable of synthesizing 
PSA on endogenous and exogenously added NCAM [19]. 
Similarly, unfertilized trout oocytes have been reported 
to contain a poly-sialyltransferase that can catalyse the 
production of oligomers of sialic acid with a DP > 7 on 
fish egg sialoglycoproteins [23]. The mono-sialylatiofl 
reaction catalysed by rat brain membranes using the 
method of this study, might have to be explained by 
postulating that poly-sialylation requires the presence of 
a lipid or protein aglycon that ffmctions as a scaffold on 
which the poly-sialic acid chain can be formed. When 
such a scaffold, with which the poly-sialyltransferase 
would interact during the elongation reaction, is absent, 
the enzyme-product complex would dissociate after each 
transfer step leading to competition between individual 
acceptor molecules resulting in mono-sialylation only. 
Our data thus do not permit us to assess unequivocally 
whether the incorporation of sialic acid into colominic 
acid is due to the action of a novel (mono)-sialyltrans- 
ferase or a poly-sialyltransferase. 

Evidence is accumulating for the existence of a group 
of o:2--~ 8-sialyltransferases that act only once on an 
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acceptor carrying a terminal sialic acid residue to give a 
single Siao:2 ~ 8Sia disaccharide unit. Examples are the 
recently cloned GD3 synthase that adds sialic acid in 
o:2 ~ 8 linkage to the NeuAco:2 --~ 3Gal unit in ganglio- 
side GM3 [35-37] and a sialyttransferase in trout ovaries 
that acts on a Siao:2--> 6GalNAc unit to yield a Siao:2 

8Siao:2 ~ 6GalNAc sequence [23]. Such 'initiases' 
have to be distinguished from the actual 'polymerases' 
that only act on acceptors carrying at least one Siao:2 

8Sia disaccharide unit [23]. Since we found transfer to 
sialic acid residues that are in an oligomeric sequence 
rather than linked to galactose or GalNAc, it seems less 
likely that the enzyme activity found with colominic acid 
as an acceptor is due to an 'initiating' sialyltransferase. 

The decrease in CMP-NeuAc:(NeuAcoL2 ~ 8)n (colo- 
minic acid) sialyltransferase activity that we observed 
during postnatal development in rat brain is similar to the 
decrease in fictivity of the poly-sialyltransferase assayed 
with NCAM as an acceptor [20]. This decrease is 
correlated with the decrease in PSA expression in the 
nervous system during maturation [2, 7]. In addition~ we 
found a correlation between PSA expression and CMP- 
NeuAc:(NeuAco:2--~ 8)n sialyltransferase activity in the 
neuroblastoma SK-N-SH and CHP-212 cells and in the 
small cell lung carcinoma H69 cell line. The low expres- 
sion of PSA in the Ale-3 cell line on the other hand 
appears to be due to a low expression of NCAM rather 
than a low sialyltransferase activity. These results would 
suggest that the CMP-NeuAc:(NeuAcol2---> 8)n (colo- 
minic acid) sialyltransferase assayed in rat brain and the 
turnout cells functions in the process of polysialylation. 
Therefore, the possibility that the activity found is in fact 
due to a poly-~2 --* 8- or poly-o:2 --~ 9-sialyltransferase is 
left open. It will, therefore, be of interest to apply the 
assay method in further studies on the sialyltransferases 
of fish eggs [22] and oocytes [23] and the recombinant 
form of the developmentally regulated sialyltransferase 
from rat brain [34] as well as that of a recently cloned 
poly-sialyltransferase [37]. This will help to more defin- 
itely answer the question of the identity of the sialyltrans- 
ferase assayed in this study. 

References  

1. Finne J (1982) J Biol Chem 257: 11966-70. 
2. Hoffman S, Sorkin BC, White PC, Brackenbury R, Mail- 

hammer R, Rutishauser U, Cunningham BA, Edelman GM 
(1982) J Biol Chem 257: 7720-29. 

3. Finne J, Finne U,  Deagostini-Bazin H, Goridis C (1983) 
Biochem Biophys Res Commun 112: 482-87. 

4. Edelman GM (1985) Annu Rev Biochem 54: 135-69. 
5. Cunningham BA, Hemperly JJ, Murray BA, Prediger EA, 

Brackenbury R, Edelman GM (1987) Science 236: 
799-806. 

6. Rutishauser U, Acheson A, Hall AK, Mann DM, Sunshine 

J (1988) Science 240: 53-57. 
7. Rothbard JB, Brackenbury R, Cunningham BA, Edelman 

GM (1982) J Biol Chern 257: 11064-69. 
8. Hoffman S, Edelman GM (1983) Proc Natl Acad Sci USA 

80: 5762-66. 
9. Roth J, Taatjes DJ, Bitter-Suermann D, Finne J (1987) 

Proc Natl Acad Sci USA 84: 1969-73. 
10. Rieger F, Grumet M, Edelman GM (1985) J Cell Biol 101: 

285-93. 
11. Figarella-Branger DF, Durbec PL, Rougon GN (1990) 

Cancer Res 50: 6364-70. 
12. Roth J, Zuber C, Wagner P, Taatjes DJ, Weisgerber C, 

Heitz PU, Goridis C, Bitter-Suermann D (1988) Proc Natl 
Acad Sci USA 85: 2999-3003. 

13. Livingston BD, Jacobs JL, Glick MC, Troy FA (1988) J 
Biol Chem 263: 9443-8. 

14. Moolenaar CEC, Muller EJ, Schol D J, Figdor C, Bock E, 
Bitter-Suermann D, Michalides R JAM (1990) Cancer Res 
50: 1102-6. 

15. Kibbelaar RE, Moolenaar CEC, Michalides RJAM, Bitter- 
Suermann D, Addis BJ, Mooi WJ (1989) J Pathol 159: 
23-28. 

16. Komminoth P, Roth J, Lackie PM, Bitter-Suermann D, 
Heitz PU (1991) Am J Pathol 139: 297-304. 

17. Scheidegger EP, Lackie PM, Papay J, Roth J (1994) Lab 
Invest 70: 95-106. 

18. Troy FA (1992) Glycobiology 2: 5-23. 
19. McCoy RD, Vimr ER, Troy FA (1985) J Biol Chem 260: 

12695 -99. 
20. Breen KC, Kelly PC, Regan CM (1987) J Neurochem 48: 

1486-93. 
21. Halberstadt JB, Flowers H, Glick MC (1993) Anal Bio- 

chem 209: 136-42. 
22. Ito F, Inoue S, Inoue Y, Troy FA (1991) Gtycoconjugate J 

8: 153. 
23. Kitazume S, Kitajama K, Inoue S, Inoue Y, Troy FA 

(1994) J Biol Chem 269: 10330-40, 
24. Kundig FD, Aminoff D, Roseman S (1971) J Biol Chem 

246: 2543-50. 
25. Van den Eijnden DH, Van Dijk W (1972) Hoppe Seyler's Z 

Physiol Chem 353: 1817-20. 
26. Frosch M, Goergen I, Boulnois GJ, Timrnis KN, Bitter- 

Suermann D (1985) Proc Natl Acad Sci USA 82: 1194-98. 
27. Schlesinger HR, Gerson JM, Moorhead PS, Maguire H, 

Hummeler K (1976) Cancer Res 36: 3094-100. 
28. Hallenbeck PC, Yu F, Troy FA (1987) Anal Biochem 161: 

181-86. 
29. Manzi AE, Higa HH, Diaz S, Varki A (1994) J Biol Chem 

269: 23617-24. 
30. Rohr TE, Troy FA (1980) J Biol Chem 255: 2332-42. 
31. Bergh MLE, Koppen P, Van den Eijnden DH (1981) 

Carbohydr Res 94: 225-29. 
32. Easton EW, Schiphorst WECM, Van Drunen E, Van der 

Schoot CE, Van den Eijnden DH (1993) Blood 81: 
2978-86. 

33. Haverkamp J, Schauer R, Wember M, Kamerling JP, 
Vliegenthart JFG (1975) Hoppe-Seylers Z Physiol Chem 
356: 1575-83. 

34. Livingston BD, Paulson JC (1993) J BioI Chern 268: 
11504-7. 



Colominic acid sialyltransferase activity in rat brain and tumour cells 837 

35. Sasaki K, Kurata K, Kojima N, Kurosawa N, Ohta S, 
Hanai N, Tsuji S, Nishi T (1994) J Biol Chem 269: 
15950-56. 

36. Nara K, Watanabe Y, Maruyama K, Kasahara K, Nagai Y, 
Sanai Y (1994) Proc NatlAcad Sci USA 91: 7952-56. 

37. Haraguchi M, Yamashiro S, Yamamoto A, Furukawa K, 
Takamiya K, Lloyd KO, Shiku H (1994) Proc Natl Acad 
Sci USA 91: 10455-59. 

38. Eckhardt M, Mt~hlenhoff M, Bethe A, Koopman J, Frosch 
M, Gerardy-Schahn R (1995) Nature 373: 715-18. 


