
Curbohyrirafe Research, 40 (1975) 119-127 
0 Elsevier Scientific Publishing Company, Amsterdam - Printed in Belgium 

iNHIBITION OF THE METABOLISM OF AMINO SUGARS WITH 
~-DEOXY-~-(~-FLUOROACETAMIDO)-~~-D-GLUCOPYRANOSE* 

ALAN M. SCHULTZ AND PETER T. MORA 

Laboratory of Cell Biology, National Cancer Institute, National Institutes of HeaW, 
BetJwsda, Maryland 20014 (U. S. A.) 

(Received August Ist, 1974; accepted in revised form, September 19th, 1974) 

ABSTRACT 

The metabolism of arnino sugars in extracts of mouse ceils was studied by the 

use of 2-acetamido-2-deoxy-a-D-glucopyranose, 2-acetamido-2-deoxy-a-D-marmo- 
pyranose, and N-acetylneuraminic acid as tracers with or without added 0.5mM 
2-deoxy-2-(2-fluoroacetamido)-a-D-glucopyranose. The accumulation of uridine 
5’-(2-acetamido-2-deoxy-r-D-glucopyranosyl pyrophosphate) and cytidine 5’-(N- 
acetylneuraminyl monophosphate) was inhibited by the ff uoro sugar. 

INTRODUCTION 

The surfaces of mammalian cells have long been known to contain complex 
carbohydrate materials that often lack clearly recognizable roles. More recently, it was 
observed that cultured cells exposed to a variety of viral or environmental agents 
‘I transform” and acquire altered in vitro and in vivo growth properties’. Glycoprotein 
and glycolipid changes in cell-surface membranes appear to accompany certain of such 
transformations2’3. Whether the structural modifications of these macromolecules 
are the causes of the new cellular behavior, or are merely secondary consequences of 
the “transformation”, has not yet been established. 

Direct modification of cell-surface carbohydrates would be a first step in an 
attempt to establish any correlation between surface carbohydrates and their biological 
function in mediating cell behavior_ Furthermore, it may be of use to resolve the ques- 
tion of causal relationship between changes in the biological properties and the carbo- 
hydrate components in the cell surface. External modification of carbohydrate 
material with glycosidases is hampered by limited access to substrate, owing to the 
apparently complex structure of the cell periphery4; moreover, glycosidases are often 
contaminated with extraneous enzymic activities. Furthermore, the enzymic modifi- 
cations may be only transitory, as cells repair their surfaces. 

Previous studies5 have shown that, up to a final concentration of OSmbr, 
2-deoxy-2-(2-fluoroacetamido)-a-D-glucopyranose is nontoxic to mouse cells in 
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tration of 1 /.Ki-ml-l, in the presence of mM adenosine 5’-triphosphate, 99.9% of the 
counts remained in the tracer after 1 h at 37”, showing that there had been no 
metabolism at all, because of competition by D-ghrcose for 2-amino-2-deoxy-cc-D- 
glucopyranose phosphorylation ’ ‘. 

DlSCUSSLON 

Cell extracts from cultivated, mouse-embryo cells are suitable to the study of a 

sequence of enzymic processes in the metabolism of amino sugars. By judicious choice 
of tracer compounds, and by omission or addition of nucleotide triphosphates, 
portions of this sequence can be studied separateIy. 

We observed that, in the presence of 0.5m~ 2-deoxy-2-(Z-lh.toroacetamido)- 
a-D-ghrcopyranose, the accumulation of “nucleotide sugars” can be iessened: with 
radioactive 2-acetamido-2-deoxy-a-D-glucopyranose, its conversion into uridine 
5’-(2-acetamido-2-deoxy-a-D-glucopyranosyl pyrophosphate) was inhibited by 50% 
(see Fig. 3A); with radioactive 2-acetamido-2-deoxy-a-D-mannopyranose, its con- 
version into cytidine 5’-(N-acetylneuraminosyl monophosphate) was also inhibited 
(Fig. 3B). There was no effect from the presence of 2-deoxy-2-(2-fluoroacetamido)- 
a-D-glucopyranose on the conversion of N-acetylneuraminic acid into &dine 
5’-(N-acetylneuraminosyl monophosphate). Therefore, the effect seen when using 
tracer 2-acetamido-2-deoxy-or-D-maMopyranose must be on its phosphorylation or 
on the synthesis of N-acetylneuraminic acid. 

With 2-acetamido-2-deoxy-a-D-mannopyranose as the tracer, it reappeared in 
4 to 8 h (see Fig. 2), coincident with the disappearance of 2-acetamido-2-deoxy-cc-D- 
mannopyranose 6-phosphate; the reappearance of the former is probably due to the 
hydrolysis of the latter metabolic intermediate_ 

The general effect of 2-deoxy-2-(2-fluoroacetamido)-a-D-glucopyranose in 
cell-free extracts is on the accumulation of the “nucleotide sugars” uridined’- 
(2-acetamido-Z-deoxy-a-D-glucopyranosyl pyrophosphate) and cytidine-5’-(N-acetyl- 
neuraminosyl monophosphate). 

The 2-deoxy-2-(2-fluoroacetamido)-a-D-glucopyranose used did not contain 
any detectable amount of 2-acetamido-2-deoxy-a-D-glucopyranose or 2-amino- 
2-deoxy-a-D-glucopyranose. Even mM I&amino-%deoxy-a-D-glycopyranose had no 
effect on the metabolism of the amino sugar, so were it produced by breakdown from 
the fluoro derivative, this compound could not account for the results. The selective 
loss of the fiuorine atom to afford 2-acetamido-2-deoxy-a-D-glucopyranose under the 
physiological conditions employed is highly unikely13. Therefore, the demonstrated 
effect of 2-deoxy-2-(2-fluoroactamido)-c+D-glucopyranose on the amino sugar 
metabolism is not attributable to trivial causes. 

Thus, it may be concluded that, in addition to a previously reported effect of 
2-deoxy-a-D-arabino-hexopyranose14, 2-deoxy-2-(2-fluoroacetamido)-a-D-glucopyra- 
nose can modify amino sugar metabolism, and can be usefully employed at nontoxic 
levels in mouse cells’ in order to explore changes in glycolipid and glycoprotein 
biosynthesis. 
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