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Serum or plasma sialyltransferase may be increased in rats and humans having 
malignant tumors* -?, but little is known about the nature or function of these en- 
zymes_ Although sialyltransferases have been isolated from other sourcess*6, none 
of the serum sialyltransferases of patients with metastasising tumours or normal 
individuals have been purified, and in most studies desialylated fetuin was employed 

as the acceptor molecule for the sialyltransferase reaction. Several sialyltransferases 
may be involved in the transfer of sialic acid to the asialofetuin molecule7~8. 

p-Nitrophenyl ~-acetamido-2-deoxy-3-O-P-D-galactopyranosyl-~-D-galactopy- 
ranoside was described recently ‘_ The parent disaccharide unit c/3-Gal-(I-3)-Gal- 

NAc], which is found in the “antifreeze” glycoproteins, as well as in several other 
glycoproteins including asialofetuins”o-“, is an efficient acceptor for certain sialyl- 
transferase enzymes found in rat-liver and rat-mammary adenocarcinoma” and in 

porcine submaxillary glandst3. 

Since p-nitrophenyl glycopyranosides can easily be linked to agarose for affinity 
chromatography’sV’s, the /?-Gal-( i-+4)-GalNAc derivative may be useful for the isola- 
tion and characterisation of the enzymes from pathological sera. 

We now report on the sialyltransferase acceptor activity of the phenyl glycoside 
of @-Gal-(l-+3)-GalNAc. This derivative was used in place of the p-nitrophenyl 

analogue due to its greater aqueous solubility. 
The disaccharide portion j&Gal-( 1 -+3)-GalNAc of the antifreeze glycoprotein, 

as well as the free disaccharide, can serve as an efficient acceptor for solubilised sialyl- 
transferases from rat-liver and rat-mammary adenocarcinomas”. The ability of the 

phenyl glycoside of this disaccharide to act as an acceptor for sialyltransferase from 
normal human serum was tested (Fig. la). When sialyltransferase was assayed in the 

presence of the glycoside, a radioactivity scan of the acid-soluble products of the 
reaction consistently showed a third peak which was not observed in the controls. 
Incorporation into the third peak was linear during incubation for 2 h. The following 
data suggest that this third peak represents a trisaccharide composed of [r4C]sialic 
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Fig. 1. Transfer of [‘JC]sialic acid to the phenyl glycoside of P-Gal-(I-+3)-GalNAc: ratfioactirity 
scans ofchromatograms WI) after incubation withsialyltransferaseand CMP-lV-acctyl-it iClneuraminic 
acid, 2 h at 37”. (b) after breakdown of the sialo-containing third peak by neuraminidasc. (c) after 
mild, acid hydrolysis of the sialo-containing third peak. 

acid attached to the phenyl glycoside. Incubation of the trisaccharide with Ifihrio 

c/zoIer-m neuraminidase (1 h, 37”; 0.1~ cacodylate buffer, pH 5.5) effected partial 

degradation and released sialic acid (Fig. lb). No degradation occurred in controls 
from which neuraminidase was omitted_ Mild, acid hydrolysis” of the trisaccharide 
under conditions (12_5m&1 HISOS, 1 h, SO”) used for preparation of sialic acid-free 
fetuin released all of the sialic acid (Fig. Ic). 

The specific serum sialyltransferase which transfers sialic acid from CMP-sialic 
acid to the phenyl glycoside showed no requirement for divalent cation. Enzyme 
activity was observed over a broad range of pH, with optimal activity occurring at 
6.0 (Fig. 2). The addition of 5mbr sialic acid to the assay medium resulted in no 
detectable alteration in enzyme activity, whereas the addition of mhl CMP completely 
abolished enzyme activity. A K, value of 20.4 /L~I was observed for the phenyl 
glycoside, using a Lineweaver-Burke double-reciprocal plot (Fig. 3). 
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Fig. 2. The efkt of pH on sialyltransferase activity with the phenyl glycoside of p-G&(1+3)- 
GaiNAc ifs acceptor. 
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Fig. 3. Lineweaver-Burk double-reciprocal plot of CMP-sialic acid transfer to the phenyl glycoside 
of ,‘?-Gal-(l-+3)-GalNAc. 

When sialyltransferase activity to asialofetuin, asialo-ovine submaxillary mucin, 
or a&do-q-acid glycoprotein (all at 3 mg/ml) was measured in the presence of the 
phenyl glycoside (also at a final concentration of 3 mg/ml), the activity was diminished 
by 28; 35, and Ox, respectively- 

The location of the sialic acid moiety was not determined and it couId be 
attached both to galactosyl and 2-acetamido-2-deoxygalactosyl residues as in the 
oligosaccharide chains of fetuin ‘. The inhibition of sialic acid incorporation into 
asialofetuin, but not into asialo-x,-acid glycoprotein, by the phenyl glycosides is 
consistent with their structures, since the carbohydrate chains of asialofetuin terminate 
in either p-Gal-(1 -+3)-GalNAc or /?-Gal-( I-+4)-GlcNAc, whereas x,-acid glyco- 
protein contains only the latter disaccharide unit. Furthermore, since the phenyl 



NOTE 353 

glycoside inhibits incorporation of sialic acid into asialo-ovine subrnasillary mucin, 
a ,olycoprotein composed preponderantly of GalNAc-z-Thr-/Scr groups’ suggests 
that at least some of the sialic acid attached to the phenyl glycoside is (2+6)-linked 
to GalNAc. The structure of the trisaccharide is being studied further. 

The ieve of sialyltransferase activity in the bloodstream may be important in 

such disease states as muscular dystrophyz7, z,-antitrypsin deficiency”, cystic 

fibrosis’ *, various liver diseases’ 9, and cancerl-A. In the last disease, serum sialyl- 

transferase levels are significantly elevated in animals and patients bearing malignant 

tumors’-5. However, in these studies, asialofetuin was the only acceptor employed 
in the sialyltransferase assays, and no attempt was made to determine which of the 
sialyltransferases present in the sera were elevated. We have begun a study aimed at 

the purification and characterisation of the sialyltransferases which contribute to 
the increased enzyme levels observed in sera from patients having mctastatic tumors. 
Attachment of such a synthetic substrate as the phenyl glycoside described above to 
a gel matrix should be useful for the purification of specific sialyl transferases. 

EXPERIMENTAL 

Human blood from normal individuals was allowed to clot. Serum was ob- 
tained by centrifugation and stored at -20”. Serum sialyltransferasc assays were 
performed by using a modification of the procedure described by Bernacki”. The 

assay media consisted of 0.1~1 cacodylate buffer (pH variously 4-S), 3.0 mg/ml of 
phenyl 2-acetamido-2-deoxy-3-~-~-D-galactopyranosy~-~-D-g~L~~~c~opyranosidc~~ l.O- 
3.0 mg of serum protein, and 9_65,~cx1 CMP-~~-acctyl-[‘JC]ncuraminic acid (259 
mCi/mmole). Incubations were performed at 37” in a shaker bath usually for 30 min. 
but occasionally up to 2 h. The results (average of 3 expts.) were as follows: 

A ccl?ptor 

Asialofetuin - 17,754 25 

f 12,sos 

Asialo-z,-acid elycoprotein - 14,490 0 
L 14,420 

Asialo-ovine submaxillary mucin - 2,360 35 
+ 1,529 

When asialofetuin was used as the acceptor. the reaction was terminated by 
the addition of I % phosphotungstic acid in 0.531 HCI. Samples were washed twice 
in loo/, aqueous trichloroacetic acid and once in 95% ethanol-ether (2: I), and 
counted in a Packard Tri-Carb /3-y liquid scintillation counter. Protein was deter- 
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mined by the procedure of Lowry et nl.“. Enzyme activity was calculated as the 
difference between the exogenous and endogenous activity and expressed as d-p-m. 
of LV-acetyl-[‘-%Z]neuraminic acid incorporated per h per mg of protein. 

When the phenyl glycoside of p-Gal-( 1 -+3)-GalNAc was used as the acceptor, 
reactions were terminated by the addition of 95% ethanol. The precipitate was 
removed by centrifugation, and the supernatant material was chromatographed on 

S + S Orange Ribbon Paper (Schleicher and Schuell) with 95 % (ethanol)+1 ammo- 

nium acetate (7 :3). Radioactivity on the chromatogram was detected by using an 
Actagraph strip scanner (Searle). 

This research was supported by Public Health Service Grants CA-15757, 
CA-19S14, CA-09072, and CA-24051. We thank Ms. Marilyn Hillman for technical 
assistance_ 
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