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SUMMARY 

The aim of the present study was to evaluate the fl-mannosidase activity 
(fl-D-mannoside mannohydrolase, EC 3.2.1.25) of human synovial fluid. It  was shown 
to have a pH requirement of 3.5-4.0 and a Km value of 3.4" lO-3 M using a p-nitro- 
phenyl-fl-mannopyranoside as the substrate, fl-Mannosidase is significantly more 
heat-labile than mammalian a-mannosidase; substrate competition studies suggest 
it is an independent glycosidase; and p-nitrophenyl-fl-galactoside is observed to in- 
hibit this enzyme. A wide distribution of fl-mannosidase activity in mammalian tissue 
was demonstrated. 

I NTRODUCTION 

Several of the lysosomal acid hydrolases have been studied in synovial flnid 
and tissue. Of these the glycosidases evaluated in synovial fluid include fl-glucuroni- 
dasel, ~, fl-N-acetylglucosaminidase ~-5, fi-galactosidase ~, and a-mannosidase 6. The 
purpose of the present study is to evaluate fl-mannosidase activity in synovial fluid 
and to (i) develop a microassay system for this enzyme, (2) delineate its kinetic 
properties in human synovial fluid, and (3) show that fl-mannosidase activity is in- 
dependent of the activity of other lysosomal hydrolytic glycosidases. 

MATERIAL AND METHODS 

Enz3~me sources 
The source of enzyme activity consisted of freshly aspirated synovial fluid 

from patients with osteoarthritis or rheumatoid arthritis. The samples were frozen at 
-18 °C and used for study as desired. Synovial fluid proved to be a stable source of 
fl-mannosidase activity with eight repeated freezing-thawing procedures over a period 
of two weeks showing a variation of enzyme activity of less than ± lO%. These 
results were not influenced by detergents, e.g. Triton X-IOO. Samples from mouse 
organs and human synovial tissne or cell preparations were surveyed for fl-mannosi- 
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dase activity. These samples were homogenized in a Ten-Brock glass homogenizer, 
frozen and thawed, re-homogenized and centrifuged at 35 ooo × g to produce a cell- 
free crude enzyme preparation. 

Malerial used 
The compounds used in this investigation, p-nitrophenyl-/~-~nannopyranoside, 

mannono-(I-~4)-lactone , p-nitrophenyl-/~-N-acetylglucosaminide, p-nitrophenyl-~- 
galactopyranoside, p-nitrophenyl-/5-glucuronide and p-nitrophenyl-~-mannopyrano- 
side were obtained commercially. 

Assay conditions 
The optimal microassay system had a volume of 125 F1 containing: 25 ~moles 

of sodium acetate buffer, pH 3.5; 1.5/~moles, p-nitrophenyl-/~-mannoside; and IO- 
4 °/~1, synovial fluid. The incubation time was 3o-12o rain at 37 °C. The reaction was 
terminated with 2°/~ Na2CO3 in o.i M NaOH; and the chromophore of free p-nitro- 
phenol was measured at 400 nm in a Beckman DU-2 spectrophotometer.  Enzyme 
activity was expressed as/~moles of p-nitrophenol released per ml of synovial fluid, 
or IO mg of protein, per h of incubation at 37 °C. Protein concentrations were deter- 
mined by the method of Lowry e~ al. ~. 

RESULTS 

In developing the optimal microassay system, the kinetic properties of synovial 
fluid fl-mannosidase were evaluated. Fig. I illustrates the pH and buffer system re- 
quirements of this enzyme. No difference was noted between sodium and potassium 
salts or their concentration, and no metal  ion requirement was observed (Mg 2+, Ca 2+, 
Mn 2+, Fe ~+, Fe 3+, Zn 2+, or Coe+). The enzyme activity was unaffected by  the addition 
of EDTA. Under these optimal assay conditions, a linear response was noted for 
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Fig. I. Buffer and p H  requi rements  of ~-mannosidase activity.  Three buffer sys tems were evalu- 
ated; sodium acetate-acet ic  acid ( × ) ;  glycine-HC1 ( . ) ;  and sodium ci trate-ci t r ic  acid (O). The 
incubat ion mixtures  were as indicated under  methods  except  t ha t  25/~moles of the various buffers 
were used. Product  format ion  is expressed a s / ,mo le s  of p-ni t rophenol  released per  ml of incuba- 
tion mix ture  per h of incubation.  
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Fig. 2. The  re la t ionship  of s u b s t r a t e  concen t r a t ion  to p r o d u c t  fo rmat ion ,  (0),  wi th  a supe r im-  
posed Km plot  of  IS]IV versus IS], (C)). P r o d u c t  f o rma t ion  V is expressed  a s /~moles  of  p -n i t ro -  
phenol  released per  ml  of  i ncuba t i on  m i x t u r e  per  h of  incuba t ion .  I n c u b a t i o n  cond i t ions  are as 
unde r  m e t h o d s  excep t  for s u b s t r a t e  concen t r a t i on  and  ind iv idua l  control  s u b s t r a t e  incuba t ions .  

both time (at least 12o min) and enzyme concentration. The latter was unaffected 
by the modestly variable protein concentration of synovial fluid. 

A substrate saturation curve is shown in Fig. 2 for fl-mannosidase activity in 
synovial fluid. Superimposed is an IS]IV versus [SI plot for the determination of the 
Km value by the method of Lineweaver and Burk s. 

The microassay system and kinetic properties make possible the characteri- 
zation and quantitation of synovial fluid fl-mannosidase but do not establish it as a 
distinct synovial fluid enzyme. To establish its individuality, indirect methods were 
employed including the heat stability properties of both the a- and fl-mannosidases 
(Fig. 3). Substrate competition experiments are illustrated in Table I. The additive 
results suggest that synovial fluid ~-mannosidase activity is independent of B-N-ace- 
tylglucosaminidase, ~-glucuronidase and a-mannosidase activity, and that p-nitro- 
phenyl-fl-galactoside inhibits fl-mannosidase activity. In a synovial fluid and a serum, 
both with negligible fl-galactosidase activity, p-nitrophenyl-~-galactoside (8.o mM) 
was found to inhibit fi-mannosidase activity 82 and 76°/'0 respectively. 
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Fig. 3. H e a t  s t ab i l i t y  s tud ies  c o m p a r i n g  a- and  f l -mannos idase  ac t iv i ty  of  synov ia l  fluid. B o t h  
s tud ies  were pe r fo rmed  on t he  s ame  e n z y m e  p repa ra t i on  unde r  op t ima l  condi t ions .  
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TABLE 1 

SUBSTRATE COMPETITION EXPERIMENTS 

The assay conditions used in this experiment  are those optimal for synovial fluid fl-mannosidase 
activity, and all the synthet ic  glycosides used were at  substrate  saturat ion concentrations for 
their individual enzyme activities. Control substrate  incubations were performed in each case. 
Results are expressed as / ,moles  of p-nitrophenol released per ml of synovial fluid per h of incu- 
bation. 

Competing subslrate 

p-Nitrophenyl-fl-N-acetylglucosaminide 
p-Nitrophenyl-fl-glucuronide 
p-Nitrophenyl-fl-galactoside 
p-Nitrophenyl-a-mannoside 

t, moles/ml p-Nitrophenyl-fl-mannoside 
subslrale 

o ltmole/rnl r2 l~moles/ml 

o ~.6o 
8 2 .2  4 3.7 8 
6 2.20 3.78 
4 0.72 I.IO 
8 1 . 2 7  2 . 7 9  

TABLE 11 

J-MANNOSIDASE I N H I B I T I O N  STUDIES 

The synovial fluid enzyme preparation employed contained negligible fi-galactosidase activity, 
and incubation conditions xvere as outlined under methods and in the text.  

Inhibitor Concentration Enzyme activity 
(l~moles/ml) (% of original) 

- -  - IOO 

Mannono-(i  -+4)-lactone 67 4.5 
Galactose 2.5 i oo 
Mannose -'.5 98 
Lactose 2.5 ioo 
p-Nitrophenyl-fl-galactoside ~ 59 
p:Nitrophenyl-fl-galactoside 4 47 
p-Nitrophenyl-fl-galactoside 8 23 

TABLE 111 

DISTRIBUTION OF /~-MANNOSIDASE IN MAMMALIAN TISSUES 

Enzyme activity is expressed as/~moles of p-nitrophenol released per lO mg protein per h incu- 
bation. Assay conditions were as described in methods  and xvere performed at two enzyme con- 
centrations. (M) represents tissues obtained from mice while (H) denotes a huma n  source. (RA) 
represents an average of four patients  with rheumatoid arthrit is and (PVNS) a pat ient  with pig- 
mented villous nodular synovitis. 

_ 

Enzyme source Enzl'me activity Enzyme source Enzyme activity 

Liver (M) 0.30 Lymphocytes  (H) o.71 
Spleen (M) 0.92 Fibroblasts (H) 3.92 
Kidney (M) 1.22 Polymorphonuclear  cells (H) o.43 
Brain (M) o.28 Synovium (RA) (H) 1.7o 
Lung (M) 0.62 Synoviuin (PVNS) (H) 3.65 
Muscle (M) o.o 5 Serum (H) o.i i 

L e v y  a n d  co-workers% 1° d e m o n s t r a t e d  t h e  g l y c o n o l a c t o n e s  [ ( I -+4)  a n d  (1-->5) ] 

i n h i b i t  t h e i r  c o r r e s p o n d i n g  g l y c o s i d a s e s .  T a b l e  I I  s h o w s  t h e  r e s u l t s  in  e x p e r i m e n t s  

e m p l o y i n g  m a n n o n o - ( I - - > 4 ) - l a c t o n e  a n d  o t h e r  p o t e n t i a l  i n h i b i t o r s  o f  t h e  f l - m a n n o -  
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sidase ac t iv i ty .  The inh ib i t ion  wi th  mannono- ( I -~4) - l ac tone  was only appa ren t  af ter  
p re - incuba t ion  wi th  the  enzyme (o .o2-o . lo  M for lO-2O min) pr ior  to the  add i t i on  of  
the  subs t r a t e  and  buffer. The d a t a  demons t r a t e  inhib i t ion  b y  mannono- ( I -+4 ) -  
lac tone and p-n i t rophenyl - f l -ga lac topyranos ide ,  bu t  not  b y  galactose,  mannose  
or lactose.  

f l -Mannosidase a c t i v i t y  is widely  d i s t r i bu t ed  in m a m m a l i a n  tissues and cell 
types ,  as shown in Table  III ,  with its highest  concent ra t ions  being present  in syno-  
via l  t issue, f ibroblasts  and  kidney.  

DISCUSSION 

~-Mannosidase  a c t i v i t y  has been s tud ied  from var ious  sources including 
mol lusks  n- la ,  yeas t  t~, seminal  fluid and sperml~; and  recent ly  hen oviducO ~. Certa in  
c o m p a r a t i v e  observa t ions  are of interest .  The K m  of synovia l  fluid ~-mannos idase  is 
s imilar  to t ha t  from hen oviduct ,  bu t  a p p a r e n t l y  different  t han  was observed  in 
mollusks.  The present  s tudy  suggests  a somewhat  lower p H  requ i rement  and  a higher  
enzyme a c t i v i t y  wi th  the  use of an  ace ta te  buffer. Hea t  s t ab i l i ty  s tudies  were s imilar  
to those prev ious ly  repor ted  and non - iden t i t y  wi th  o ther  synovia l  fluid glycosidases  
(subs t ra te  compe t i t i on  studies) was observed.  Of pa r t i cu la r  in teres t  was the  concen- 
t r a t ion  dependen t  inh ib i to ry  ac t i v i t y  of p-n i t rophenyl - f l -ga lac tos ide  not  shared  b y  
galactose  or lactose,  and  the wide d i s t r ibu t ion  of f i -mannosidase ac t i v i t y  wi th  the  high- 
est  levels being found in synov ium and  f ibroblasts .  The possible role of  f l -mannoside 
in connect ive  t issue metabo l i sm or i n f l ammato ry  jo int  disease deserves fur ther  s tudy.  

ACKNOWLEDGEMENTS 

This s t u d y  was suppo r t ed  b y  g ran t s  from Smith ,  Kl ine  and  French  F o u n d a t i o n  
and  the  Na t iona l  I n s t i t u t e  of Ar th r i t i s  and  Metabol ic  Diseases, AMII563 .  

REFERENCES 

I JaCOX, R. F. and Feldmahn, A. (I955) J. Clin. Invest.  34, 263-267 
2 Bartholomew, B. A. (1972) Scan& J .  Rheum.  I, 69-74 
3 Caygill, J. C. and Jevons, F. R. (1965) Clin. Chim. Acta. I1, 233-237 
4 Caygill, J. C. and Jevons, F. R. (I966) Clin. Chim. Acta I3, 61-66 
5 Caygill, J. C. and Pitkeathly, D. A. (I966) A nn .  Rheum.  Dis.  25, 137-i44 
6 Bartholomew, B. A. and Perry, A. L. (i97 o) Acta Rheum.  Scand. I6, 3o4-3Io 
7 Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R. S. (I95I) J. Biol. Chem. I93, 

265-275 
8 Lineweaver, H. and Burk, D. (1934) J .  A m.  Chem. Soc. 56, 658-666 
9 Conchie, J., Hay, A. J., Strachan, I. and Levvy, G. A. (I967) Biochem. J .  lO2, 929-94 I 

Io Levvy, G. A., Hay, A. J. and Conchie, J. (1964) Biochem. J.  9 I, 378-384 
II Muramatsu, T. and Egami, F. (I967) J .  Biochem. 62, 7oo-7o9 
I2 Nagaoka, T. (I949) J .  Exp .  Med. ( T o h u k u )  5~, I3I-I38 
I3 Sugahara, Ix2., Okumura, T. and Yamashina, I. (I972) Biochim.  Biophys.  Acta 268, 488-496 
14 Adams, M., Richtmyer, N. I~. and Hudson, C. S. (I943) J.  A m .  Chem. Soc. 65, i369-I38o 
15 Conchie, J. and Mann, T. (I957) Nature  i79, II9o-I19I 
t6 Sukeno, T., Tarentino, A., Plummer, T. and Maley, F. (I972) Biochemistry I I ,  I493-I5oI 


