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ABSTRACT 

Kinetic analysis of mammalian sialidases was carried out using analogs of the potent sialidase 

inhibitor, 5-acetamido-2,6-anhydro-3,5-dideoxy-D-g/~~ero-o-galacto-non-2-enonic acid (1). Substitutents 

at C-9 in place of the terminal hydroxyl group included a, 4-azido-2-nitrophenylthio group to give S-aceta- 

mido-2,6-anhydro-9-S-(4-azido-2-nitrophenyl)-3,5,9-trideoxy-9-thio-D-gll;cero-D-g~/~cto-non-2-enonic 

acid (2), and an azide group to give 5-acetamido-2,6-anhydro-9-azido-3,5,9-trideoxy-D-g~~cero-D-gu~uct~- 

non-2-enonic acid (3). Competitive inhibition kinetics were observed when 1,2, and 3 were tested with the 

lysosomal sialidase (cultured fibroblasts) and the plasma membrane sialidase (adenovirus DNA-trans- 

formed, human embryonic kidney cells), giving a K, of about 10~~ for both enzymes with all three 

compounds. In contrast, only 1 was a potent inhibitor of the microsomal sialidase (rat muscle). 

INTRODUCTION 

Mammalian sialidases (EC 3.2.1.18) have been implicated in a number of impor- 

tant metabolic processes including the regulation of cell proliferation’, clearance of 

plasma proteins’, and the catabolism of gangliosides and glycoproteins3. Concordant 

with this functional diversity is the distribution of sialidase activity in several cellular 

organelles, such as the plasma membrane4, lysosome?, and microsomes6. The lysoso- 

ma1 and microsomal proteins are the best understood of the mammalian enzymes. 

Although both have been highly purified, their characterization has been primarily 
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TABLE I 

Inhibitory constants for derivatives of S-acetamido-2,6-anhydro-3,S-dideoxy-D-gl~~o-non-2- 
enonic acid (1) 

S~al~du~e S~bCCllUlUr 
.WUiYY l#~uli~~ti~il 

Fibroblasts Lysosomal 
Adenovirus-transformed kidney cells Plasma membrane 
Rat muscle Microsomal 

’ The derivatives were tested as inhibitors of siatidases from various sources by use of 4 as the substrate as 
described in the Experimental section. The apparent inhibitory rate constant was determined from Dixon 
plots of the data. ’ Not inhibited 

1 R = OH 

2 R = N, S- 

3 R = N3 i-402 

4 Me 

Compounds 1,2, and 3 were tested as inhibitors of the mammaIian sialidase of 
several subcellular fractions {Table I). The sialidase of cultured fibroblasts, which is 
predominantly lysosomal, was inhibited by all three compounds, each having an 

identical inhibitory constant’3.‘4 of N 1 C&M. The plasma membrane enzyme from trans- 
formed human embryonic kidney cells showed a similar binding specificity, giving a 

nearly identical K, for all three inhibitors. In contrast, the microsomal enzyme was 
strongly inhibited by 1, weakly inhibited by 3+ and not inhibited by 2 over the range of 

concentrations tested. 

DISCUSSION 

A wide variety of the anhydro N-acetylneuraminic acid derivatives have been 
prepared and tested as competitive inhibitors of sialidases from both microbial and viral 

sourcesi7. These studies have provided valuable info~ation about the relative binding 
specificities of these proteins and the nature of their catalytic sites. However, a similar 
kinetic analysis using the mammalian enzyme has been lacking. Modifications of the 
inhibitor include substitution of the N-acetyl group at C-5 with carboxyl acids of 

varying size and chain length’7-‘9. A trifluoroacetamido or propylamido group at C-5 
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tion was determined by high-resolution, fast-atom-bombardment mass spectrometry 
using a JEOL I-IX1 1OHF mass spectrometer operating in the two sector mode with the 

sample suspended in a matrix of nitrobenzyl alcohol. The molecular ion of the matrix 
served as calibration standard. ‘H-N.m.r. spectra were recorded with a General Electric 
GN 500 NMR spectrometer operating at 500 MHz in the F.t. mode at ambient 
temperature. Aqueous samples were subjected to four freeze--thaw cycles in deuterium 
oxide. Acetone was the internal standard relative to external sodium 4,4-dimethyl-4- 
sila-(2,3-‘H,)-pentanoate. 

Sialidase jPom adenovirus-transformed, human embryonic kidney cells. - Human 

embryonic kidney cells, transformed with adenovirus DNA’“, were obtained from the 
Genentech ceil repository and maintained in minimal essential medium containing f % 

glutamine and penicilIin~streptomycin-Fungizone (Gibco, Inc.}, supplemented with 
10% fetal calf serum. Cells were harvested at confluency by gently tapping the surface of 

the flask. After collection by centrifugation, the cells were washed once with phosphate- 
buffered saline solution at 4” and then disrupted by suspension in IOmM phosphate 

buffer, pH 7.5, containing 1% Triton X-100 (1 g of cell pellet in 2.5 mL buffer). The 
suspension was homogenized at 4” in a glass homogenizer fitted with a Teflon pestle. 
Unbroken cells and particulate matter were removed by centrifugation at 16 OOOg for 10 
min. About 80% of the total activity was present in the supernatant fraction with a 
specific activity of about 52 nmol~h-‘~mg-“’ protein. The plasma membrane form of the 
sialidase was separated from the lysosomal form by repetitive application of the 

supernatant (5 mL) to a column (1 .O x 2.0 cm) containing concanavalin A-Sepharose 
equilibrated in the extraction buffer. About 70% of the applied activity did not bind to 

the column after five applications. Since all lysosomal enzymes known bind tightly to 
this lectin, the unbound material served as a source of the plasma membrane sialidase, 
free of the lysosomal enzyme form, in the kinetic studies reported herein. 

Sialidasefrom rat muscle. - Rat leg muscle tissue was removed from anesthetized 
animals and homogenized (1 g tissue/4 mL of buffer) in 1 OOmM phosphate buffer, pH 

6.1, containing 5mM EDTA at 4” with a Polytron homogenizer (Brinkman). The 
suspension was centrifuged at 40 OOOg for 15 min at 4”. The resulting supernatant was 
removed and served as a source of the enzyme with a specific activity of about 23.9 
nmol*mg-’ of pr0tein.h. Assays were carried out in 30mM phosphate, pH 6.1, 1 SmM 

EDTA with 1.3mM of 4 as substrate. 
Enzynze assays. - Sialidase assays were carried out by use of the procedure 

described by Warner and 0’Brien15 employing 4 as substrate. With extracts of fibro- 
blasts and transformed kidney cells, assays were conducted at pH 4.3, and with muscle 
extracts at pH 6.2. Initial experiments were carried out to evaluate the potency of the 
various inhibitors by use of standard enzyme assays at the K, value for the substrate and 

by varying the inhibitor concentration within the range of 10 to 160~~. Additional 
kinetic analysis was carried out on those compounds that gave significant inhibition (> 

20% of control) in these experiments. Inhibitory constants were determined by varying 
the concentration of the compound tested and assaying at the K, value of the substrate, 
and at concentrations above and below the K,,, value. The Ki value was obtained from 
Dixon plots of the data using linear regression analysis for curve fitting. 
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