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P a t i e n t s  wi th  c y s t i c  f i b r o s i s  (CF) s u f f e r  from p r o g r e s s i v e  lung d i s e a s e  and a r e  
p a r t i c u l a r l y  s u s c e p t i b l e  t o  i n f e c t i o n  wi th  mucoid s t r a i n s  of Ps.aeruginosa. 
Coloniza t ion  w i t h  t h e s e  s t r a i n s  l e a d s  t o  a rap id  d e t e r i o r a t i o n  i n  pulmonary 
func t ion  and c l e a r a n c e  of t h i c k  s t i c k y  r e s p i r a t o r y  mucus becomes a s e r i o u s  
problem. Mucoid cel ls  of Ps .aeruginosa secrete a polyanionic  exopolysaccharide 
which resembles  a l g i n i c  a c i d  and forms g e l s  i n  t h e  presence of calcium and o t h e r  
d i v a l e n t  c a t i o n s .  Since i t  has  been repor ted  t h a t  ca lc ium l e v e l s  a r e  e l e v a t e d  i n  
t h e  CF lung  (Kilbourn 1984) ,  i t  i s  of importance t o  determine t h e  e x t e n t  t o  which 
Pseudomonas a l g i n a t e  c o n t r i b u t e s  t o  t h e  r h e o l o g i c a l  p r o p e r t i e s  of CF mucus, and 
whether v a r i o u s  c a t i o n s  a r e  of s i g n i f i c a n c e  i n  any i n t e r a c t i o n .  Tracheal  mucin 
from c h r o n i c  b r o n c h i t i c s  (CB) was a l s o  s t u d i e d  s i n c e  t h i s  r e p r e s e n t s  a c o n t r o l  
wi th  a similar l e v e l  of i n f e c t i o n .  
Mucin was p u r i f i e d  from CF and CB sputum by g e l  f i l t r a t i o n  and concent ra ted  by 
u l t r a f i l t r a t i o n  t o  8% w/w. 
were grown i n  s t a t i c  l i q u i d  medium (casamino a c i d s  1 % ,  potassium gluconate  2%)  
f o r  144 hours  a t  37°C. The b a c t e r i a  were removed by c e n t r i f u g a t i o n  and t h e  
a l g i n a t e  e x t r a c t e d  by caesium c h l o r i d e  i sopycnic  d e n s i t y  c e n t r i f u g a t i o n  and 
concent ra ted  t o  3% w/w. S o l u t i o n s  of calcium c h l o r i d e  (100 mM) and sodium 
c h l o r i d e  (200 mM) were prepared i n  HEPES b u f f e r  (0 .05  M ,  pH 7 . 4 )  and mixtures  of 
t h e s e  s a l t  s o l u t i o n s  (4% v/v)  w i t h  mucin (80% v / v )  p l u s  a l g i n a t e  (16% v / v )  were 
e q u i l i b r a t e d  f o r  18 h a t  4 O C .  The r h e o l o g i c a l  p r o p e r t i e s  were measured u s i n g  an 
o s c i l l a t i n g  sphere  microrheometer over  t h e  range 0 . 2  - 20.0 Hz. The v a l u e s  a t  10 
Hz, which approximates  t o  t h e  ra te  of c i l i a r y  b e a t i n g ,  were used t o  c a l c u l a t e  t h e  
percentage i n c r e a s e  i n  s t o r a g e  and lo s s  moduli (G' and G" r e s p e c t i v e l y )  of 
mucin /sa l t s  s o l u t i o n s  on a d d i t i o n  of t h e  a l g i n a t e .  These percentage i n c r e a s e s  
t o g e t h e r  wi th  t h e  s tandard  e r r o r s  (SE) are t a b u l a t e d  below. 

Treat men t % I n c r e a s e  i n  Storage and Loss Moduli 

Buffer  91.7 10.6 81.8 10.2 70.2 14.0 84.7 13.9 
4 mM CaC12 141.6 11.5 163.3 12.4 75.5 13.9 50.9 15.2 
8 mM N a C l  26.4 5 . 8  32.9 8 .3  59.2 24.2 96 .0  1 7 . 1  

C l i n i c a l  i s o l a t e s  of Ps .aeruginosa from CF sputum 

CF G '  SE CF G" SE CB G '  SE CB G" SE 

Addit ion of a l g i n a t e  caused s i g n i f i c a n t  i n c r e a s e s  i n  both  moduli which were of a 
similar magnitude f o r  CF and CB mucin. In  t h e  presence of Ca2+ t h e  e f f e c t  of 
a l g i n a t e  on t h e  e l a s t i c i t y  of CF mucin was s i g n i f i c a n t l y  enhanced, whereas f o r  CB 
mucin t h e r e  was no s i g n i f i c a n t  enhancement. E l a s t i c i t y  can be r e l a t e d  t o  t h e  
number of permanent i n t e r a c t i o n s  beween molecules and enhancement may be due t o  
d i v a l e n t  c a t i o n s  caus ing  c ross - l inks .  For CF mucin, a d d i t i o n  of a monovalent 
c a t i o n 4  Na', s i g n i f i c a n t l y  reduced t h e  i n t e r a c t i o n  between mucin and a l g i n a t e .  
The Na i o n s  may bind t o  the  same s i t e  on t h e  molecules  as t h e  d i v a l e n t  c a t i o n s ,  
but  would n o t  be a b l e  t o  c r o s s - l i n k  t h e  molecules. The monovalent c a t i o n s  would 
a l s o  n e u t r a l i s e  t h e  nega t ive  charge on t h e  molecules ,  reducing t h e  e l e c t r o s t a t i c  
r e p u l s i o n  between them leading  t o  compaction and a r e d u c t i o n  i n  t h e  p r o b a b i l i t y  
of entanglements;  t h i s  i s  shown as a reduct ion  i n  v i s c o e l a s t i c i t y .  
The r e s u l t s  c l e a r l y  demonstrate  t h a t  CF and CB mucins, a l though o s t e n s i b l y  
s i m i l a r  a s  products  of chronic  o b s t r u c t i v e  airways d i s e a s e ,  may e x h i b i t  
fundamental ly  d i f f e r e n t  c h a r a c t e r i s t i c s  wi th  t h e  former being s u s c e p t i b l e  t o  
cation-induced changes i n  i t s  i n t e r a c t i o n  with Ps.aeruginosa a l g i n a t e .  The 
r e s u l t s  a l s o  show t h a t  t h e  presence of a l g i n a t e  may c o n t r i b u t e  s i g i f i c a n t l y  t o  
t h e  t h i c k n e s s  of CF bronchia l  s e c r e t i o n s  and t o  t h e  c l i n i c a l  problem of mucus 
c learance .  
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