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In the application of enzymes to the field of synthetic 
carbohydrate chemistry,1 the use of sialyltransferase2 for enzy
matic sialylation is recognized to offer advantages over chemical 
methods3 due to its virtually complete stereoselectivity and linkage 
specificity.4 However, a major drawback of enzymatic sialylation 
in general is the rather strict acceptor substrate specificity of 
these enzymes, which allows the synthesis of a limited number 
of sialoside sequences. We report here a novel enzymatic method 
for introducing sialic acid (NeuAc) that addresses this limitation 
and is widely applicable to the synthesis of glycan chains containing 
the terminal NeuAca2—»3Gal sequence. 

This method takes advantage of a newly described trans-
sialidase enzyme from Trypanosoma cruzi,5 which has the unique 
property of catalyzing the reversible transfer of NeuAc from a 
donor substrate of the sequence NeuAca2-»3/3Gal-0-Rl to 
virtually any galactoside acceptor /5Gal-0-R2 to yield a new 
product (NeuAca2—3Gal-0-R2) (eq I).6 The primary limitation 

aNeuAc2->3|3Gal-0-R1 + (3Gal-0-R2 

Trans-slalldase (1) 

(3GaI-O-RI + otNeuAc2->3|3Gal-0-R2 

in the use of this enzyme for synthetic purposes is that the desired 
product is produced at the expense of another sialoside used as 
the donor substrate. In addition, since the transfer of NeuAc is 
a reversible process, it is difficult to drive the equilibrium in favor 
of the desired sialoside (NeuAco2-»3|8Gal-0-R2). To overcome 
these limitations, we have devised a catalytic in situ generation 
of a sialoside donor substrate (e.g., 1) using an a-2,3-sialyl-
transferase to transfer free NeuAc to its precursor galactoside 

* Address correspondence to this author at CYTEL Corporation, 
t On leave from The Institute of Physical and Chemical Research (RIKEN), 

Japan. 
(1) Reviews: (a) Toone, E. J.; Simon, E. S.; Bednarski, M. D.; Whitesides, 

G. M. Tetrahedron 1989, 45, 5365. (b) David, S.; Auge, C; Gautheron, C. 
Adv. Carbohydr. Chem. Biochem. 1991,49,175. (c) Drueckhammer, D. G.; 
Hennen, W. J.; Pederson, R. L.; Barbas, P. C, III; Gautheron, C. M.; Krach, 
T.; Wong, C-H. Synthesis 1991,499. (d) Ichikawa, Y.; Look, G. C; Wong, 
C-H. Anal. Biochem. 1992, 202, 215. 

(2) (a) Sabesan, S.; Paulson, J. C. J. Am. Chem. Soc. 1986,108,2068. (b) 
Palcic, M. M.; Venot, A.; Ratcliffe, R. M.; Hindsgaul, O. Carbohydr. Res. 
1989,190, 1. (c) Srivastava, G.; Alton, G.; Hindsgaul, O. Carbohydr. Res. 
1990, 207,259. (d) Palcic, M. M.; Hindsgaul, O. Glycobiology 1991, /, 205. 
(e) Pozsgay, V.; Brisson, J.-R.; Jennings, H. J.; Allen, S.; Paulson, J. C J. 
Org. Chem. 1991, 56, 3377. (f) Ichikawa, Y.; Shen, G.-J.; Wong, C-H. / . 
Am. Chem. Soc. 1991,113, 4698. (g) Ito, Y.; Paulson, J. C J. Am. Chem. 
Soc. 1993, 115, 1603. 

(3) Reviews: (a) Okamoto, K.; Goto, T. Tetrahedron 1990,46, 5835. (b) 
Deninno, M. P. Synthesis 1991, 583. 

(4) Ito, Y.; Gaudino, J. J.; Paulson, J. C Pure Appl. Chem. 1993,65, 753. 
(5) Schenkman, S.; Jiang, M.-S.; Hart, G. W.; Nussenzweig, V. Cell 1991, 

65, 1117. 
(6) Vandekerckhove, F.; Schenkman, S.; de Carvalho, L. P.; Tomlinson, 

S.; Kiso, M.; Yoshida, M.; Hasegawa, A.; Nussenzweig, V. Glycobiology 
1992, 6, 541. 

acceptor (e.g., 2) via the catalytic in situ regeneration of CMP-
NeuAc according to Ichikawa et al.2f The stoichiometric 
substrates of this enzymatic system are free NeuAc, phospho-
enolpyruvate (PEP), and most any galactoside acceptor substrate 
(e.g., 3) utilized by the <ra/w-sialidase (see Scheme I). 

As an example of this reaction, we have prepared the simple 
sialoside 4, which represents the oligosaccharide moiety of 
ganglioside GM4. This simple target compound was chosen to 
illustrate the utility of this system for two reasons. First, the 
corresponding galactoside 37 is a poor substrate of all known 
a-2,3-sialyltransferases and cannot be efficiently sialylated using 
these enzymes. Second, after protection of hydroxy and car-
boxylate groups and selective cleavage of 2-(trimethylsilyl)ethyl 
glycoside, the sialoside 4 is readily converted to a disaccharide 
glycosyl donor that can be used in the block chemical synthesis 
of ganglioside GM48 and more complex sialoside,' as reported 
by others. 

The reaction was performed as follows. A mixture of compound 
3 (10.5 /imol), NeuAc (10.5 junol), lacto-A'-tetraose10 (la; 1.0 
Mmol), CMP (0.9 Atmol), ATP (0.09 Mmol), phosphoenolpyruvate 
trisodium salt (46 /unol), MgCl2 (10.5 fimol), MnCb (3 iimol), 
KCl (10.5 Mmol), BSA (5%; 5 fiL), mercaptoethanol (0.03 nL), 
myokinase (15 units), pyruvate kinase (25 units), inorganic 
pyrophosphatase (1.6 units), /3Gall,3/4GlcNAc a-2,3-sialyl-
transferase11 (16 munits), T. cruzi //-a/w-sialidase (7 munits12), 
and CMP-NeuAc synthetase13 (80 munits) in 200 mM HEPES 
buffer (pH 7.4; 1.0 mL) was incubated at room temperature for 
4 days. The mixture was passed through Sep-Pack C1S cartridge 
(Waters). The cartridge was washed with 0.1 M NH4HCO3 and 
eluted with 50% MeOH. Fractions containing the product were 
collected and purified by a column of Bio-Gel P2 (0.1 M NH4-
HCO3) to afford compound 414 (3.9 mg, 65%). The same 
transformation could be achieved in a comparable efficiency by 
using a different sialyltransferase (/3GaIl,3GaINAc a-2,3-
sialyltransferase15) and its prefered galactoside acceptor (lb). 

The results demonstrate the synthetic potential of the T. cruzi 
/ra/w-sialidase. The multienzyme system can be viewed as an 
extension of the acceptor substrate specificity of sialyltransferases. 
Due to the broad specificity of the /rans-sialidase, many naturally 
occurring <*NeuAc2-»3Gal-OR sequences can be synthesized by 
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substituting different galactoside acceptor substrates. The other 
advantage of this multienzyme system is that the equilibrium of 

the fra/is-sialidase is shifted toward product formation by the 
sialyltransferase cycle. Since large-scale preparation of both 
sialyltransferase and CMP-NeuAc synthetase are now possible,l6 

further improvement of efficiency should be possible once larger-
scale preparation of a recombinant frans-sialidase is established. 
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