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Summary 

A method for the assay of neuraminidase in human cultured fibroblasts has 
been worked out. The substrates, all naturally occurring, were: sialyloligo- 
saccharides (a(2 ~ 3)sialyUactose, a(2-~ 6)sialyllactose, disialyllactose), sialyl- 
glycolipids (disialogangliosides GDla and GDlb), sialylglycoproteins and sialyl- 
glycopeptides (ovine submaxillary glycoprotein and its pronase-glycopeptides). 
The method was based on the determination of the enzymically liberated 
N-acetylneuraminic acid (NeuAc) by a chromatographic-colorimetric micro- 
procedure. 

The enzyme acted on sialyloligosaccharides and, in the presence of Triton 
X-100, on gangliosides, while it did not appreciably affect sialylglycoproteins 
and sialylglycopeptides. The optimum pH was 4.0 for all tested substrates; the 
Km values were higher for sialyloligosaccharides (about 10 -3 M), lower for 
gangliosides (about 10 -4 M); the apparent maximum velocity was higher with 
a(2 -* 3)sialyllactose (400 mU/mg protein); the reaction rate was linear with 
time for up to 2 h, and with up to 0.6 mg of enzymic protein. 

The assay method proved to be sufficiently sensitive (3--4 nmol liberated 
NeuAc), simple, and reproducible (mean activity on pooled fibroblasts with 
a(2 -~ 3)sialyllactose: 400 mU +6 S.E.). 

I n t r o d u c t i o n  

The metabolism of sialylglycoconjugates appears to be impaired in a variety 
of syndromes linked with the general term of mucolipidoses [1--9]. Assuming 

Abbreviation: NeuAc, N-acetylneuraminic acid. 
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an inborn error of metabolism as the cause of these diseases, several investiga- 
tors at tempted to characterize the missing enzyme and demonstrated the 
occurrence of a sialidase (neuraminidase) deficiency in several forms of muco- 
lipidosis. 

The extent of neuraminidase deficiency appeared to be depending of the 
type of  disorder (higher in mucolipidosis I, lower in mucolipidosis II and III) as 
well as of the assay conditions, namely the substrate used for the enzyme 
determination [24]. In fact in cases of  mucolipidosis I the neuraminidase 
deficiency was evident only using a substrate carrying a a(2 -~ 6)sialyl linkage 
[9]; in mucolipidosis II and III the deficiency was evident with various sub- 
strates. However, the data given by different laboratories were at variance, and 
the question whether the neuraminidase deficiency is the primary or secondary 
lesion in these diseases remains open. 

In our opinion most of  the controversy is due to the different methodology 
used for the neuraminidase assay. Furthermore in the only study so far pub- 
lished [10] on the standardization of  neuraminidase assay in fibroblasts, an 
artificial substrate was used. Therefore, relying on our experience in the study 
of brain neuraminidases, we decided to set up a sensitive and reproducible 
method for assaying neuraminidase in cultured fibroblasts. 

The strategy of  our approach was as follows: (a) to use as substrates 
naturally occurring sialylglycoconjugates of different nature, carrying all types 
of  known sialyl linkages; (b) to measure the enzyme activity in all cases in 
terms of  released sialic acid (N-acetylneuraminic acid); (c) to determine 
released sialic acid by a chromatographic microprocedure accomplishing the 
removal of occurring contaminants.  

Materials and Methods 

Chemicals and other products 
Commercial chemicals were of analytical or of the highest available grade. 

Solvents were redistilled before use; the routinely used water was freshly 
redistilled in a glass apparatus. Triton X-100, N-acetylneuraminic acid (NeuAc) 
and crystalline bovine serum albumin were obtained from Sigma Chemical Co. 

Dowex 2-X8 resin, 200--400 mesh (Bio-Rad) was prepared in acetate form 
according to Svennerholm [11]. Silica gel H and precoated silica gel thin-layer 
plates were provided by Merck. 

Human fibroblast lines 
Skin biopsies were obtained by the punch technique from normal adult 

individuals and fibroblast cultures were initiated and maintained according to 
Leroy et al. [12] using 72-cm 2 Falcon plastic flasks. Fibroblasts, which had 
been grown for at least three weeks, and of the same number of subcultures, 
were collected by trypsinization, washed three times with 10 ml 0.15 M NaC1 
and pelleted (1000 X g, 15 min). If  necessary, the pellets were stored at --80°C. 
Prior to use, each pellet (containing 2--4 mg of protein) was suspended in 0.5 
ml distilled water and sonicated (MSE sonicator, five treatments to 15 #m, 15 s 
each, with a 30-s interval in between, in an ice bath). In some cases the treated 
fibroblast suspensions were pooled together and homogenized with a glass- 
Teflon homogenizer. 

t 
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T A B L E  I 

C H E M I C A L  A N D  P H Y S I C O - C H E M I C A L  C H A R A C T E R I S T I C S  O F  T H E  S I A L Y L G L Y C O C O N J U G A T E S  

E M P L O Y E D  F O R  T H E  N E U R A M I N I D A S E  A S S A Y  

Sialylglycoconjugate Sialyl linkage * Physico-chemical properties 

Sialylo l igosaccharid es 
~(2  --* 3)S ia ly l lac tose  
~( 2 ~ 6) Sial lylacto se 
Dis ia ly l lacto  se 

S ia ly lg lycol ip ids  
Dis ialogangl io  side G D I a  

Disialogangl io  side G D l b  

Sia ly lg lycopro te ins  
Ovine submaxiUery  g lyco-  

prote in  
Pronase-digested ov ine  sub- 

maxillarY g l y c o p r o t e i n  

cx(2 --* 3 )Ga l  
~(2  --~ 6 )Ga l  
c~(2 -~ 3)Gal  

~(2  --* 8 ) N e u A c  

a ( 2  -~ 3)Gal  

c~(2 --* 8 ) N e u A c  
a ( 2  --* 3)Gal  

a ( 2  -~ 6 ) G a l N A c  

~(2  -+ 6 ) G a l N A c  

Soluble  free m o l e c u l e :  6 3 3  d a l t o n s  
So luble  free m o l e c u l e :  6 3 3  da l to ns  
Soluble  free m o l e c u l e :  9 2 4  da l to ns  

as m o n o m e r s :  inso luble (? )  free m o l e c u l e s :  
1800 dal tons  

as micel les:  soluble  m u l t i m o l e c u l a r  aggregates: 
200 0 0 0 - - 3 0 0  0 0 0  da l to ns  

So luble  free m o l e c u l e :  394  0 0 0  d a l t o n s  

Soluble  free m o l e c u l e :  5 0 0 0 - - 6 0 0 0  da l to ns  

* Gal,  ga lac tose ;  N e u A c ,  N - a c e t y l n e u r a m i n i c  acid; G a l N A c ,  N-ace tYlga lac tosamine .  

Preparation of substrates 
Three different series of  sialylglycoconjugates were used as neuraminidase 

substrates: sialyloligosaccharides, sialylgiycolipids (gangliosides), sialylglyco- 
proteins and sialylglycopeptides. 

(a) Sialyloligosaccharides. Monosialylactose, a(2 -+ 3)- and a(2 -~ 6)isomers, 
and disialyllactose were prepared from cow colostrum according to Ohman and 
Hygsted [13] .  The purity of  the used sialyloligosaccharides, assessed by 
chromatographic and chemical methods (see Ghidoni et al. [ 16] ) was over 95%. 

(b) Sialylglycolipids. Disialogangliosides GDla  and GDlb  * were prepared as 
the potassium salts from bovine brain according to Tettamanti et al. [15] .  
Their identification and purity (over 97%) was assessed by the criteria specified 
by Ghidoni et al. [16] .  

(c) Sialylglycoproteins and sialylglycopeptides. Ovine submaxillary glyco- 
protein (mucin) (30% bound NeuAc) was prepared according to Tettamanti 
and Pigman [17] .  The pronase glycopeptides (40% bound NeuAc) were 
prepared from the same ovine submaxillary glycoprotein as described by 
Carubelli et al. [18] .  

Some chemical and physicochemical characteristics of  the used sialylglyco- 
conjugates are schematically presented in Table I. 

Neuraminidase assay 
The incubation mixtures contained aliquots of  sonicated fibroblast prepara- 

tion, given amounts (see later) of  substrates, 0.05 M sodium acetate/acetic acid 
buffer, of  a given pH, in a final volume of  0.2 ml. All substrates and Triton 
X-100 {when present) were added in aqueous solution. The incubation 

* Gangl ios ide  n o m e n c l a t u r e  ac c or d in g  to  S v e n n e r h o l m  [ 1 4 ] .  
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mixtures, prepared at 0°C in an ice bath, were placed in an incubator shaker, 
and incubated at 37°C. The enzyme reaction was stopped by immersing the 
tube in an acetone/solid CO2 bath. The liberated NeuAc was determined by the 
chromatographic method of Preti et al. [19], with some modifications. Briefly, 
0.8 ml of 0.05 M H2SO4 was added to each frozen sample and the thawed mix- 
ture poured on a 0.5 X 1.0 cm Dowex 2-X8 column, provided with a sintered 
glass disc and adaptable to a plastic centrifuge tube. The column was centri- 
fuged to dryness (1000 X g, 5 min), washed with 10 ml of  distilled water and 
centrifuged again. NeuAc was eluted by addition of 2.0 ml of 2 M sodium 
acetate/acetic acid buffer, pH 4.6, and centrifugation as above. 0.4 ml of 
Warren's [20] periodate reagent was added and the reaction carried on 
according to the original procedure [20]. The yield, checked each time with 
pure standard NeuAc, resulted to be higher than 92% and reproducibility good 
(+2%) for a NeuAc range of 3--50 nmol. The absorbance of  0.100 (as corrected 
absorbance, see Warren [21]) corresponded to 14--14.5 nmol free NeuAc. The 
control incubation mixtures (blanks) were set up using complete incubation 
mixtures using a boiled (20 min) enzyme preparation. Nonspecific chemical 
hydrolysis of  the sialylglycoconjugate used as substrate, was always cheked and 
found to be practically negligible (less than 0.1% of the total bound NeuAc) 
within a 2-h incubation period. 

The effect of neuraminidase on endogenous substrates was assessed with 
incubation mixtures lacking of any added substrates, with or without  Triton 
X-100. No interference of NeuAc aldolase, assessed as reported elsewhere [22], 
could be detected in the assay system. One unit  (U) of neuraminidase is defined 
as the amount  of enzyme which liberates, under the assay conditions, 1 nmol 
NeuAc/min. 

Other analytical methods 
Bound NeuAc was determined by the method of Svennerholm [11]. The 

protein content  of the enzyme preparation was determined by the method of 
Lowry et al. [23], bovine serum albumin being used as the reference standard. 

Results 

(1) Action of  fibroblast neuraminidase on endogenous substrates 
Human fibroblasts contain sialylglycoconjugates (an average of 5 nmol 

totally bound NeuAc/mg protein, as reported by Cantz et al. [3]); therefore in 
the fibrobalst preparation we used, substances were present which might act as 
endogenous substrates for neuraminidase. Upon incubation for 2 h at pH 4.0 
(the pH opt imum for the enzyme, see later) under standard assay conditions, 
without  added substrates, the fibroblast preparation (0.5 mg protein) released a 
product which, by direct assay with Warren's reaction [20], gave origin to a 
chromogen characterized by a single and sharp absorption peak at 532 nm, not  
corresponding to NeuAc. If the reaction mixture was run on a Dowex 2-X8 
column before treatment with Warren's reaction no chromogen at all was 
formed, thus indicating that  no appreciable liberation of  NeuAc occurred from 
endogenous sialylglycoconjugates upon incubation. 

Other experiments showed that  in the pH range from 3.5---6.5 and for 
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Fig. 1. E f fec t  of  increas ing  c o n c e n t r a t i o n s  of  T r i t on  X-100  on the  ac t iv i ty  of  f ibroblas t  n eu ramin id a se  
using ganglioside G D l a  a n d  G D l b  as subs t ra tes :  (A)  w i th  a f ixed  (0.2 raM) c o n c e n t r a t i o n  of  ganglioside;  
(B) w i th  a f ixed gang l ios ide /Tr i ton  X*100 m o l a r  ra t io  (1 : 2).  E x p e r i m e n t a l  condi t ions :  p H  4.0,  incuba-  
t ion  t ime:  2 h; e n z y m e  pro te in :  0 .4 m g  (A)  and  0.5 m g  (B). 

incubation periods up to 6 h, with or without  Triton X-100 (final concentra- 
tion 0.05--0.8 mM), no measurable activity or endogenous sialylglycoconjugates 
could be detected.  

(2) Action o f  fibroblast neuraminidase on different sialylglycoconjugates 
(a) Requirements for activity. Using ~(2 -~ 3)monosialyllactose (2 mM) as a 

substrate in standard incubation conditions the enzyme released a product  
which, after colorimetric reaction, provided a nice peak at 549 nm. Substantial 
activities were also measured using ~(2 ~ 3)monosialyllactose and disialyl- 
lactose, under standard assay conditions. In order to act on gangliosides G D l a  
and G D l b  fibroblast neuraminidase required the presence of  Triton X-100 and 
exhibited apparent maximum activity at a given and optimal ganglioside/Triton 
X-100 ratio (1 : 2 on a molar ratio) (See Fig. la) .  Maintaining fixed this 
opt imum ganglioside/Triton X-100 ratio, for both  G D l a  and GDlb ,  the v/s 
curve resulted to  be hyperbolic (see Fig. lb ) ,  indicating regular Michaelis- 
Menten enzyme-substrate interactions. Triton X-100 at the used concentrations 
did not  affect  the enzyme activity on a(2 -~ 3)monosialyllactose. The activity 
of  fibroblast neuraminidase on ovine submaxillary glycoprotein and ovine 
submaxillary glycopeptides was very poor  under a wide range of experimental 
conditions. Measurable enzyme activities were displayed only after prolonged 
(more than 12 h) incubation. Because these conditions do not  grant for enough 
precision, no quantitative and kinetic studies on sialylglycoproteins and sialyl- 
glycopeptides were undertaken. 

(b) pH optimum, v/s, v/t, v/enzyme relationships. All experiments on 
gangliosides were performed in the presence of  0.4 mM Triton X-100. As 
shown in Fig. 2 the opt imum pH (as the pH of the added buffer  *) was 4.0 for 
all substrates; the shape of  the v/pH curves was similar with all substrates 
except  for ~(2 ~ 3)monosialyllactose. All v/s curves followed regular hyper- 

* The  ac tua l  pH ,  in the incubat ion  mixt t t re ,  was  0 .2 - -0 .3  units  greater and remained  unchanged through 
the  i n cuba t i on .  
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Fig. 2. Act iv i ty  o f  f ibroblast  neuraminidase  on  d i f f erent  substrates  versus: (A)  p H;  (B) incubat ion  t i m e ;  
(C) e n z y m e  p ro te in ;  (D) substrate  c o n c e n t r a t i o n .  With gangl ios ides  the  e n z y m e  act iv i ty  was  d e t e r m i n e d  
in the  presence  o f  0.4 m M  T r i t o n  X-100.  E x p e r i m e n t a l  condi t ions :  ( A )  w i t h  ~(2 --~ 3 )monos ia lyUac tose  1 
h incubat ion  and 0.4  m g  e n z y m e  prote in ,  for o th e r  substrates  2 h i n c u b a t i o n  and 0.6 m g  e n z y m e  prote in;  
(B) pH 4.0,  wi th  ~(2 --* 3 )monos ia lyUac tose  0 .19  mg  e n z y m e  prote in ,  w i t h  the  o ther  substrates  0.59 m g  
prote in;  (C) pH 4.0 ~(2 --~ 3 )monos ia ly l l ac tose ,  i n c u b a t i o n  t i m e  30 rain,  w i t h  the  o t h e r  substrates  2 h; (D) 
pH 4.0,  w i th  ~(2 -~ 3 )monos ia lyUac tose ,  1 h incubat ion  and 0.26 m g  e n z y m e  prote in ,  w i t h  the  o ther  sub- 
strafes  2 h incubat ion  and 0 .45  mg  e n z y m e  pro te in .  MSL, monos ia ly l l ac tose ;  DSL,  dis ia ly l lactose .  

bolic kinetics and exhibited, in the case of  gangliosides, apparent inhibition by 
excess substrate. The enzyme activity was linear with time for up to 2 h with 
all substrates and a linear activity response was obtained from 0.1--0.6 mg of  
protein. 

Of the various tested buffers (acetic acid/sodium acetate; citric acid/sodium 
citrate; citric acid/disodium phosphate; Tris-HC1) acetic acid/sodium acetate 
gave, with all substrates, the highest activity. The optimal molarity was in the 
range 0.03--0.07 M. 

(c) Apparent maximum hydrolysis rates of different sialylglycoconjugates. 
The values of  apparent Km and maximum hydrolysis rate (V) of  the various 
substrates by fibroblast neuraminidase are reported in Table II. The affinity of  
the enzyme appeared to be higher for gangliosidic (Kin = 10 -4 M) than for 
oligosaccharidic (Km = 10 -3 M) substrates; conversely the highest rates of  
hydrolysis were recorded on sialyloligosaccharides, ie., ~(2-* 3)monosialyl- 
lactose. No appreciable difference in both Km and V was observed using fresh 
or stored (at --80 ° C) fibroblasts. 
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T A B L E  I I  

A P P A R E N T  K m V A L U E S  A N D  M A X I M U M  R A T E S  OF  H Y D R O L Y S I S  OF  D I F F E R E N T  S I A L Y L G L Y -  

C O C O N J U G A T E S  BY F I B R O B L A S T S  N E U R A M I N I D A S E  

The  h y d r o l y s i s  r a t e s  are exp re s sed  in  m U / m g  p ro t e in .  

Subs t r a t e  A p p a r e n t  K m A p p a r e n t  m a x i m u m  
(M) h y d r o l y s i s  r a t e  

Sialylolig o sac char id  e s 
a ( 2  -* 3 ) m o n o s i a l y l l a c t o s e  0 . 4 3  • 10-3  400  

~(2  -+ 6 ) m o n o s i a l y l l a c t o s e  0 .95  • 10 -3  100  
d i s ia ly l lac tose  0 .45  • 10 -3 40  

S ia ly lg lyco l ip ids  * 

G D l a  0 .54  • 10 -4 60 
G D l b  0 . 9 6  • 10 -4  50 

* Assa y ed  in the  p resence  o f  0 .4  m M  T r i t o n  X-100.  

T A B L E  I I I  

M E A N  V A L U E S  ± S.E. OF  T H E  F I B R O B L A S T S  N E U R A M I N I D A S E  A C T I V I T Y  A S S A Y E D ,  U N D E R  

O P T I M I Z E D  C O N D I T I O N S ,  O N  D I F F E R E N T  S U B S T R A T E S  

A p o o l  o f  f i b rob la s t s  was  used  and  15 d e t e r m i n a t i o n s  o n  each  subs t r a t e  w e r e  p e r f o r m e d  us ing  e n z y m e  

c o n c e n t r a t i o n s  (as p ro t e in )  r ang ing  f r o m  0.2 t o  0 .5  m g .  

Subs t r a t e  N e u r a m i n i d a s e  ac t iv i ty  
( m U / m g  p r o t e i n  ± S.E.)  

Sialylo lig o sacchar ide  s 
~(2--* 3 ) m o n o s i a l y l l a c t o s e  4 0 0  ± 6 

~(2  ~ 6 ) m o n o s i a l y l l a c t o s e  100  ± 2 
d is ia ly l lac tose  40 -+ 0 .30  

S ia ly lg lycol ip ids  
G D l a  60 ± 0 .40  
G D l b  50 +- 0 .31 

(3) Reproducibility of the assay procedure of fibroblast neuraminidase 
Using optimal assay conditions, the procedure for the assay of  fibroblast 

neuraminidase proved to be quite reproducible, as indicated by the data 

T A B L E  I V  

L E V E L S  O F  N E U R A M I N I D A S E  A C T I V I T Y ,  M E A S U R E D  W I T H  V A R I O U S  S U B S T R A T E S ,  IN  F I B R O -  
B L A S T S  OF  D I F F E R E N T  L I N E S  

N u m b e r  o f  e x a m i n e d  l ines;  16.  T h e  values  are  m e a n s  _+ S.D. M i n i m u m  and  m a x i m u m  va lues  are g i v e n i n  
b r a c k e t s  

Subs t r a t e  N e u r a m i n i d a s e  ac t iv i ty  

( m U / m g  p r o t e i n )  

Sialylo lig o sa cchar id  e s 
~(2--* 3 ) m o n o s i a l y l l a c t o s e  397 ± 79  ( 2 7 0 - - 5 3 0 )  
~(2  ~ 6 ) m o n o s i a l y l l a c t o s e  109 + 36  ( 7 0 - - 2 1 0 )  
d i s ia lyHac tose  41 +- 8 ( 2 6 - -  55)  

S ia ly lg lycoHpids  

G D l a  59 + 9 ( 4 4 - -  75)  
G D l b  5 1 ±  11 ( 3 2 - -  70)  
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reported in Table III. But as expected, a marked variation of  the enzyme activ- 
ity with all substrates was observed using different fibroblast lines (see Table 
IV). 

(4) Suggested optimized method for the assay of fibroblast neuraminidase 
Mixtures containing in a final volume of 0.2 ml 0.05 M sodium acetate/acetic 

acid buffer (pH 4.0) aliquots of  sonicated fibroblast preparation (0.15--0.6 mg 
protein), 2 mM a(2 -~ 3)monosialyllactose; or 2 mM a(2 -* 6)monosialyllactose; 
or 2 mM disialyllactose; or 0.2 mM ganglioside G D l a  or G D l b  in the presence 
of  0.4 mM Triton X-100 are incubated at 37°C for 2 h in an incubator shaker. 
The enzyme reactions are stopped and released NeuAc determined by the 
chromatographic procedure described in Materials and Methods. 

Discussion 

Neuraminidase (sialidases) in human cultured fibroblasts have recently 
become of special interest since a number  of  investigators [ 1--9] have reported 
a severe deficiency of  these (or one of  these) enzymes in fibroblasts and leuko- 
cytes of  patients with mucolipidoses. Since the results obtained in different 
laboratories were partially at variance, a reliable method for the enzyme deter- 
mination in fibroblasts is mandatory.  

The present work was aimed at setting up a reproducible, precise and reason- 
ably sensitive method for the determination of  neuraminidase(s) in fibroblasts 
from human skin explants. For this purpose we employed,  as enzyme sub- 
strates, different naturally occurring sialylglycoconjugates (sialyloligosac- 
charides, sialylglycolipids, sialylglycoproteins, sialylglycopeptides), carrying 
one or two of  the sialyl linkages present in natural compounds  (NeuAc 
a(2-* 3)Gal; NeuAc a(2-~ 6) Gal; NeuAc a(2-+ 8)NeuAc; NeuAc a(2 ~ 3)- 
GalNAc). For technical convenience the assay method was based on the deter- 
mination, by  the thiobarbituric acid reaction of  Warren [20],  of  released 
NeuAc. 

Fibroblast neuraminidase was shown to split sialic acid from sialyloligo- 
saccharides ( ~ ( 2 ~  3)sialyllactose, ~ ( 2 ~  3)sialyllactose, disialyllactose) and 
from sialylglycolipids (ganglioside G D l a  and GDlb) ,  while no appreciable 
activity was displayed with the sialylglycoproteins (ovine submaxillary glyco- 
protein) and sialylglycopeptides (ovine submaxillary glycopeptides) used. For 
the enzyme action on gangliosides the presence of  Triton X-100 in a ganglio- 
side/detergent ratio (1 : 2 in molar terms) was required for maximal activity. 
Since the enzyme did not  appreciably split gangliosides in either the 
monomeric and micellar forms, and Triton X-100 did not  influence the enzyme 
action on sialyloligosaccharides, it is likely that  the best substrate for the 
neuraminidase is a mixed micelle formed by ganglioside and detergent with a 
given molar ratio between these components.  In this respect fibroblast 
neuraminidase resembles the neuraminidases from other mammalian tissues. 
For  practical reasons, however, we suggest to maintain Triton X-100 at a fixed 
concentration (for instante 0.4 mM) and to choose the ganglioside concentra- 
tion yielding maximal activity (0.2 mM). 

The enzymic liberation of  NeuAc from all the sialylglycoconjugates (in the 
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presence of  0.4 mM Triton X-100 with gangliosides) had opt imum pH 4.0, 
followed apparently regular Michaelis-Menten kinetics at varying substrate con- 
centration, and had a linear (up to a certain level) relationship with time of 
incubation and with enzymic protein concentration.  The apparent rate of  
hydrolysis varied with the different substrates and was greatest with ~(2 ~ 3)- 
sialyllactose. 

The minimum amount  of  sialic acid which could be detected by the proce- 
dure was 3--4 nmols: this means that  the method is acceptably sensitive. In 
order to get fairly measurable extinction readings, one should use at least 0.2-- 
0.25 mg of  fibroblast preparation (as protein) with an incubation time of  1 h or 
0.1--0.15 mg of  protein with an incubation time of  2 h. Fh the repro- 
ducibility of  the procedure as shown in Table III was good. 

Thus all the fundamental  requirements for reliability were fulfilled for a 
neuraminidase assay in fibroblasts. We strongly recommend to remove all inter- 
fering materials by column chromatography on Dowex 2-X8 column, prior to 
determination of  released NeuAc. The procedure described here based on 
facilitated elution by centrifugation renders the method reasonably simple and 
accurate. 

With regard to the procedures of  neuraminidase assay in fibroblasts which 
were employed until now [1--5],  the method described by  us is at least as 
sensitive (in terms of  minimum amounts  of  enzyme protein needed for the 
assay) and surely more accurate. It has also the advantage of  using the same 
procedure for determination of  the reaction products  obtained from different 
substrates. Thus it may be helpful in investigating the properties, subcellular 
location, and possible multiplicity of  fibroblasts neuraminidase in normal and 
in mucolipidotic patients. In the future radiolabelled unmodif ied natural 
substances may be found that  could be employed for more sensitive, yet  
acceptably simple methods of  neuraminidase assay in fibroblasts. Work on 
these lines is at present in progress in our laboratory.  
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