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T e c h n i c a l   F i e l d  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  e n z y m a t i c   d r a i n  

c l e a n e r   c o m p o s i t i o n s .   S p e c i f i c a l l y ,   the   i n v e n t i o n  

r e l a t e s   to  such   c o m p o s i t i o n s   w h e r e i n   the  c o m p o n e n t s   a r e  

mixed  w i t h   a  w a t e r   s o l u b l e   p o l y m e r   and  formed  i n t o   b e a d s  

and  wh ich   have  e n h a n c e d   e n z y m a t i c   a c t i v i t y .  

B a c k g r o u n d   of  t h e   I n v e n t i o n  

B a t h r o o m   s i n k s ,   t u b s   and  s h o w e r   d r a i n s   can  b e c o m e  

c l o g g e d   when  d e p o s i t s   c o n t a i n i n g   h a i r   a c c u m u l a t e   in  s u c h  

a r e a s   as  the   d r a i n   s i n k   t r a p ,   t h e r e b y   p r e v e n t i n g   o r  

i m p e d i n g   w a t e r   from  d r a i n i n g   p r o p e r l y .   A  wide  v a r i e t y   o f  

p r e p a r a t i o n s   are   a v a i l a b l e   fo r   d i s s o l v i n g   and  r e m o v i n g  

such  d e p o s i t s .   Most  c o n v e n t i o n a l   d r a i n   c l e a n i n g   p r o d u c t s  

c o n t a i n   c a u s t i c s ,   such   as  s t r o n g   s o d i u m   h y d r o x i d e .   T h e  

a l k a l i   s a p o n i f i e s   w h a t e v e r   f a t t y   m a t e r i a l   is  p r e s e n t   i n  

the  d e p o s i t   such  t h a t   i t   is  c o n v e r t e d   i n t o   a  w a t e r  

s o l u b l e   s o a p   or  a  s o f t e n e d ,   w a t e r - d i s p e r s i b l e   m a t e r i a l .  

If  the   c l o g   is  due  to  h a i r ,   t h e   c a u s t i c   a c t s   as  a  

d e g r a d a t i v e   a g e n t ,   bu t   is  o n l y   p a r t i a l l y   e f f e c t i v e ,   a s  

t e s t e d   in  l a b o r a t o r y   s i m u l a t i o n s .   F u r t h e r ,   c a u s t i c  

m a t e r i a l s   a re   p o i s o n o u s   and  can  damage   many  c o n d u i t  

m a t e r i a l s   and  i n j u r e   p e o p l e   on  c o n t a c t .  

A n o t h e r   d i s a d v a n t a g e   of  t h e s e   d r a i n   c l e a n e r s   is  t h a t  

t hey   are   not   s i t e   s p e c i f i c .   T h a t   i s ,   if  the  d r a i n  

c l e a n e r   has  to  p a s s   t h r o u g h   a  co lumn   of  b a c k e d - u p   w a t e r  

to  r e a c h   the   c l o g ,   as  is  o f t e n   the   c a s e ,   a  p o r t i o n   of  t h e  

a c t i v e   i n g r e d i e n t   can  d i s s o l v e   in  the  w a t e r   away  from  t h e  

c l o g .   T h i s   p o r t i o n   is  w a s t e d ,   and  the  c o n c e n t r a t i o n   o f  

a c t i v e   i n g r e d i e n t   at  the  c l o g   s i t e   is  c o r r e s p o n d i n g l y  

d i m i n i s h e d .  



A  s e c o n d   m e t h o d   for   u n c l o g g i n g   d r a i n   l i n e s   i n v o l v e s  

m e c h a n i c a l l y   c u t t i n g   t h r o u g h   the  d e p o s i t .   T h i s   m e t h o d ,  

h o w e v e r ,   is  p r a c t i c a l   o n l y   if   the  d e p o s i t   c l o g g i n g   t h e  

d r a i n   can  be  r e a c h e d   by  m e c h a n i c a l   means   w i t h o u t   h a v i n g  

to  d i s m a n t l e   p a r t   of  the   d r a i n   l i n e .  

The  h a z a r d s   and  d i s a d v a n t a g e s   of  t h e s e   c o n v e n t i o n a l  

m e t h o d s   have  l ed   to  s e a r c h e s   fo r   a l t e r n a t e   and  b e t t e r  

m e t h o d s   of  c l e a n i n g   d r a i n   l i n e s   c l o g g e d   w i t h   d e p o s i t s  

c o n t a i n i n g   h a i r .   One  a l t e r n a t i v e   r o u t e   has  i n v o l v e d   t h e  

use  of  e n z y m e - c o n t a i n i n g   c o m p o s i t i o n s .   Enzymes   c a n  

c o n v e r t   common  d r a i n   c l o g g i n g   m a t e r i a l s   to  w a t e r   s o l u b l e  

m a t e r i a l s   wh ich   can  be  r emoved   e a s i l y .   A  d r a w b a c k   t o  

t h e i r   use  has  been   t h e i r   s h o r t   s h e l f   l i f e   w h i c h ,   in  many  

c a s e s ,   is  a t t r i b u t a b l e   to  i n t e r a c t i o n   b e t w e e n   the   v a r i o u s  

c o m p o n e n t s   of  t he   enzyme  s y s t e m .   T h i s   i n t e r a c t i o n   i s  

a g g r a v a t e d   at  h i g h   t e m p e r a t u r e s ,   such   as  t h o s e   which   c a n  

be  e n c o u n t e r e d   d u r i n g   s h i p m e n t   of  t he   enzyme   p r e p a r a t i o n .  

F u r t h e r ,   for   e n z y m e s   to  be  most   e f f e c t i v e   in  t h e  

s o l u b i l i z a t i o n   of  a n i m a l   p r o t e i n s   such   as  h a i r ,   t h e i r   u s e  

must  be  p r e c e d e d   by  a  b r e a k i n g   down  of  the   p r o t e i n  

m a t e r i a l   to  e x p o s e   i t   to  e n z y m a t i c   a c t i o n .  

R e c e n t l y ,   d r a i n   c l e a n e r   c o m p o s i t i o n s   have  been  m a d e  

which   a re   s i t e   s p e c i f i c   and  p r o v i d e   a  s e q u e n t i a l   a c t i v i t y  

of  i n g r e d i e n t s   f o r   e n z y m a t i c   d i s s o l u t i o n   of  p r o t e i n .  

T h e s e   c o m p o s i t o n s   c o m p r i s e   a  p l u r a l i t y   of  w a t e r   s o l u b l e  

b e a d s ,   w h e r e i n   e a c h   bead  c o m p r i s e s   a  m i x t u r e   of  at  l e a s t  

one  a c t i v e   d r a i n   c l e a n i n g   i n g r e d i e n t   d i s p e r s e d   in  a  w a t e r  

s o l u b l e   p o l y m e r   s u c h   t h a t   c r o s s - r e a c t i v e   i n g r e d i e n t s  

c a n n o t   r e a c t   w i t h   one  a n o t h e r   p r i o r   to  d i s s o l u t i o n   of  t h e  

p o l y m e r .   T h e s e   c o m p o s i t i o n s   have  p r o v e n   e f f e c t i v e   i n  

u n c l o g g i n g   d r a i n s   c l o g g e d   w i th   h a i r   or  a  h a i r - c o n t a i n i n g  

d e p o s i t .   I m p r o v e m e n t s   a re   d e s i r e d ,   h o w e v e r ,   to  f u r t h e r  

e n h a n c e   the  a c t i v i t y   of  the   p r o t e o l y t i c   enzyme  in  t h e  

d r a i n .  



A c c o r d i n g l y ,   i t   is  an  o b j e c t   of  the   p r e s e n t  
i n v e n t i o n   to  d e v e l o p   an  e n z y m a t i c   d r a i n   c l e a n e r   b e a d  
c o m p o s i t i o n   w i th   i n c r e a s e d   e n z y m a t i c   a c t i v i t y .  
A d d i t i o n a l   o b j e c t i v e s   of  t h i s   i n v e n t i o n   w i l l   b e c o m e  

a p p a r e n t   from  the  f o l l o w i n g   d i s c l o s u r e .  

A c c o r d i n g   to  one  a s p e c t   of  t he   p r e s e n t   i n v e n t i o n ,  
t h e r e   is   p r o v i d e d   a  c o m p o s i t i o n   fo r   c l e a n i n g   d r a i n s  
c l o g g e d   w i t h   a  h a i r - c o n t a i n i n g   d e p o s i t   wh ich   c o m p r i s e s :  
(a)  a  h a i r - d i s i n t e g r a t i n g   a m o u n t   of  a  p r o t e o l y t i c  
e n z y m e ,   (b)  a  d i s u l f i d e   r e d u c i n g   a g e n t ,   and  (c)  a n  
a l k a l i   m e t a l   b i s u l f i t e   c o m p o u n d   in  an  a m o u n t   s u f f i c i e n t  
to  e n h a n c e   the   r a t e   of  a c t i v i t y   of  t he   e n z y m e ,   w h e r e i n  
t h e   c o m p o n e n t s   ( a ) ,   (b)  and  (c)  a r e   p r e s e n t   as  d i s p e r s i o n s ,  
s e p a r a t e l y   or  in  c o m b i n a t i o n ,   in  w a t e r - s o l u b l e   b e a d s ,  
e a c h   c o m p r i s i n g   a  w a t e r - s o l u b l e   p o l y m e r ,   such   t h a t  
t h e   enzyme  and  r e d u c i n g   a g e n t   c a n n o t   s u b s t a n t i a l l y  
c r o s s - r e a c t   p r i o r   to  d i s s o l u t i o n   of  the   b e a d s ,   a n d  
w h e r e i n   the   c o m p o s i t i o n   on  d i s s o l u t i o n   p r o v i d e s  
a  pH  t h a t   e n h a n c e s   h a i r   d e n a t u r a t i o n .  

D e s c r i p t i o n   of  t he   D r a w i n g  

F i g u r e   1  p r e s e n t s   two  d i s t r i b u t i o n   p l o t s   s h o w i n g  
t he   p e r c e n t a g e   of  h a i r   d e g r a d e d   in  t r i a l s  w i t h   t w o  
d i f f e r e n t   f o r m u l a t i o n s ,   one  wh ich   c o n t a i n s   s o d i u m  
b i s u l f i t e   and  one  wh ich   d o e s   n o t .  

D e t a i l e d   D e s c r i p t i o n   of  the   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  e n z y m a t i c   d r a i n  
c l e a n e r   c o m p o s i t i o n s   wh ich   a re   c a p a b l e   of  d e g r a d i n g  
h a i r - c o n t a i n i n g   d e p o s i t s   in  d r a i n   p i p e s   and  have  e n h a n c e d  
e n z y m a t i c   a c t i v i t y .  

Commonly  a s s i g n e d   U.S.   P a t e n t   A p p l i c a t i o n   S e r i a l  
Number  6 2 2 , 1 4 1 ,   f i l e d   O c t o b e r   17,  1984,   d i s c l o s e s  



e n z y m a t i c   d r a i n   c l e a n i n g   c o m p o s i t i o n s   w h i c h   c o m p r i s e   a 
p l u r a l i t y   of  w a t e r   s o l u b l e   beads   w h i c h   c o m p r i s e   one  o r  
more  p r o t e o l y t i c   e n z y m e s ,   a  d i s u l f i d e   r e d u c i n g   a g e n t ,   o r  
a  c o m b i n a t i o n   t h e r e o f ,   d i s p e r s e d   in  a  w a t e r   s o l u b l e  

p o l y m e r   such   t h a t   c r o s s - r e a c t i o n s   b e t w e e n   the   e n z y m e ( s ) ,  
the  r e d u c i n g - a g e n t ,   and  any  o t h e r   o p t i o n a l   i n g r e d i e n t s  

which   may  be  added   c a n n o t   o c c u r   p r i o r   to  t h e   d i s s o l u t i o n  

of  the  p o l y m e r .   In  t h e s e   c o m p o s i t i o n s ,   t he   d i s u l f i d e  

r e d u c i n g   a g e n t   a c t s   to  b r e a k   the  d i s u l f i d e   bonds   t h r o u g h  

wh ich   c y s t e i n e   c r o s s - l i n k s   h a i r   p r o t e i n s   i n t o   a  

c r s t a l l i n e   s t r u c t u r e .   The  c r o s s - l i n k e d   c r y s t a l l i n e   f o r m  

is  h i g h l y   r e s i s t a n t   to  p r o t e o l y t i c   e n z y m e s   a l o n e ,   b u t  

once   the   d i s u l f i d e   bonds   are  b r o k e n   the   p r o t e o l y t i c  

enzyme  can  ac t   to  b r e a k   the  c o v a l e n t   b a c k b o n e   of  t h e  

p r o t e i n   ( i . e . ,   to  h y d r o l y z e   the   p e p t i d e   b o n d s   of  t h e  

p r o t e i n ) .  

A p p l i c a n t s   now  have  d i s c o v e r e d   t h a t   t h e   r a t e   o f  

e f f e c t i v e n e s s   of  t h e s e   c o m p o s i t i o n s   can  be  e n h a n c e d   b y  

a d d i n g   an  a l k a l i   m e t a l   b i s u l f i t e   c o m p o u n d   to  t h e  

c o m p o s i t i o n .   A  p r e f e r r e d   compound  is  s o d i u m   b i s u l f i t e .  

I t   is  t h e o r i z e d   t h a t ,   w i t h i n   c e r t a i n   c o n c e n t r a t i o n s ,  

t h e s e   b i s u l f i t e   c o m p o u n d s   m o d i f y   the   p r o t e o l y t i c   e n z y m e s  
of  t he   c o m p o s i t i o n   such   t h a t   t h e i r   r a t e   of  a c t i v i t y   i s  

e n h a n c e d .   G e n e r a l l y ,   the   amount   of  b i s u l f i t e   a d d e d  t o  

e n h a n c e   the   a c t i v i t y   of  the  enzyme  is   w i t h i n   the   r a n g e   o f  

a b o u t   0 . 0 0 1   to  a b o u t   0.1  w e i g h t   p e r c e n t   of  the   t o t a l  

c o m p o s i t i o n .   I f   t h e   b i s u l f i t e   compound   is   added   at  a  

c o n c e n t r a t i o n   o u t s i d e   t h i s   r a n g e ,   i t   t y p i c a l l y   e i t h e r   h a s  

no  n o t i c e a b l e   e f f e c t   on  enzyme  a c t i v i t y   or  a p p e a r s   t o  

i n h i b i t   a c t i v i t y .   When  the  a c t i v i t y   e n h a n c e r   is  s o d i u m  

b i s u l f i t e ,   i t   p r e f e r a b l y   is  added  s u c h   t h a t   i t   c o m p r i s e s  

a b o u t   0.04%  by  w e i g h t   of  the  f i n a l   c o m p o s i t i o n .  

In  one  e m b o d i m e n t   of  the  i n v e n t i o n ,   t he   b i s u l f i t e  

compound   is  i n c l u d e d   in  the  c o m p o s i t i o n   by  m i x i n g   i t   w i t h  

the   a l k a l i n e   p r o t e a s e   b e f o r e   the  l a t t e r   is  d i s p e r s e d   i n  



t he   w a t e r   s o l u b l e   p o l y m e r   and  f o rmed   i n t o   b e a d s .   T h e  

w e i g h t   to  w e i g h t   r a t i o   of  p r o t e a s e   to  a l k a l i   m e t a l  

b i s u l f i t e   g e n e r a l l y   r a n g e s   f rom  a b o u t   10:1  to  a b o u t  

1 0 0 0 : 1   and  p r e f e r a b l y   r a n g e s   from  a b o u t   50:1   to  a b o u t  

5 0 0 : 1 .  

When  the   b i s u l f i t e   compound   is  mixed  w i t h   t h e  

a l k a l i n e   p r o t e a s e   i t   can  s e r v e   not   o n l y   to  e n h a n c e   t h e  

a c t i v i t y   of  the   p r o t e a s e   but   a l s o   as  an  a n t i - m i c r o b i a l  

a g e n t .   I t   has  been  found  t h a t   when  the  s o u r c e   of  t h e  

p r o t e o l y t i c   enzyme  in  the   c o m p o s i t i o n   is  a  f e r m e n t a t i o n  

b r o t h ,   t he   enzyme  c o n t a i n i n g   b e a d s   can ,   o v e r   t i m e ,   s h o w  

s i g n s   of  m i c r o b i a l   g r o w t h .   The  a d d i t i o n   of  an  a l k a l i  

m e t a l   b i s u l f i t e   c o m p o u n d ,   h o w e v e r ,   such  as  s o d i u m  

b i s u l f i t e ,   can  p r e v e n t   or  r e t a r d   m i c r o b i a l   g r o w t h   on  t h e  

b e a d s   d u r i n g   s t o r a g e .  

p r o t e o l y t i c   enzymes   u s e f u l   in  d i s s o l v i n g   h a i r   a r e  

t h o s e   w h i c h   a re   a c t i v e   u n d e r   n e u t r a l   to  a l k a l i n e  

c o n d i t i o n s .   P r e f e r r e d   e n z y m e s   a re   d e r i v e d   f r o m  

m i c r o o r g a n i s m s   of  the  g e n u s   B a c i l l u s ,   such  as  B.  s u b t i l i s  

or  B.  a m y l o l i q u e f a c i e n s .   In  a d d i t i o n ,   e n z y m e s   such   a s  

the   p l a n t   p r o t e a s e   p a p a i n   or  the   a l k a l i n e   p r o t e a s e   f r o m  

S t r e p t o m y c e s   g r i s e u s   may  be  u s e d .   A  s i n g l e   p r o t e a s e   or  a 

m i x t u r e   of  s e v e r a l   d i f f e r e n t   p r o t e a s e s   can  be  u s e d .  

D i s u l f i d e   r e d u c i n g   a g e n t s   i n c l u d e   any  wh ich   f u n c t i o n   a t  

an  a l k a l i n e   pH  to  s o f t e n   h a i r   s t r u c t u r e .   P r e f e r r e d  

d i s u l f i d e   r e d u c i n g   a g e n t s   i n c l u d e   t h i o g l y c o l a t e s ,   a s ,   f o r  

e x a m p l e ,   the   c a l c i u m ,   ammonium,   p o t a s s i u m   and  s o d i u m  

s a l t s   of  t h i o g l y c o l i c   a c i d .   O t h e r   d i s u l f i d e   r e d u c i n g  

r e a g e n t s ,   such  as  - m e r c a p t o e t h a n o l ,   may  be  u s e d .  

P r e f e r r e d   are   sod ium  and  p o t a s s i u m   t h i o g l y c o l a t e .  

T h e s e   v a r i o u s   e n z y m e - c o n t a i n i n g   c o m p o s i t i o n s  

o p t i o n a l l y   may  c o n t a i n   o t h e r   i n g r e d i e n t s   which   a c t   t o  

e n h a n c e   the  e n z y m e ' s   d r a i n   c l e a n i n g   a b i l i t y .   F o r  

e x a m p l e ,   as  n o t e d   p r e v i o u s l y ,   the   enzymes   c i t e d   a b o v e  

t y p i c a l l y   are   a c t i v e   w i t h i n   a  p a r t i c u l a r   pH  r a n g e .   One  



c o m p o n e n t   of  the   d r a i n   c l e a n i n g   b e a d s   of  t h i s   i n v e n t i o n  

may  be  a  b u f f e r   to  m a i n t a i n   a  pH  t h a t   e n h a n c e s   h a i r  

d e n a t u r a t i o n .   O t h e r   o p t i o n a l   a d d i t i v e s   i n c l u d e  

d e t e r g e n t s ,   s t a b i l i z e r s   and  t h i c k e n i n g   a g e n t s .   T h e  

d e t e r g e n t s   may  be  a n i o n i c   or  n o n i o n i c   c o m p o u n d s ,  

i n c l u d i n g   s o d i u m   d o d e c y l   s u l f a t e ,   o c t y l   p h e n o x y p o l y -  

e t h o x y e t h a n o l   and  p o l y o x y e t h y l e n e   s o r b i t a n   m o n o - o l e a t e .  

A  p r e f e r r e d   d e t e r g e n t   is   s o d i u m   d o d e c y l   s u l f a t e .  

S u i t a b l e   t h i c k e n i n g   a g e n t s   i n c l u d e   h y d r o x y - e t h y l   c e l l u -  

l o s e ,   p o l y a c r y l a m i d e   and  d e r i v a t i v e s   of  x a n t h a n   gum.  A 

p r e f e r r e d   s t a b i l i z e r   is  N , N , N ' , N ' - t e t r a k i s   ( 2 - h y d r o x y -  

p r o p y l ) e t h y l e n e   d i a m i n e .   T h e s e   v a r i o u s   o p t i o n a l  

i n g r e d i e n t s   can  be  added   in  a m o u n t s   s u f f i c i e n t   to  e n h a n c e  

e n z y m a t i c   a c t i v i t y .  

The  p r o t e a s e ,   b i s u l f i t e   compound   and  d i s u l f i d e  

r e d u c i n g   a g e n t   may  be  c o n t a i n e d   in  s e p a r a t e   b e a d s   or  may 
be  c o m b i n e d   i n t o   t he   same  b e a d s .   In  the   l a t t e r   c a s e ,   t h e  

a c t i v e   c o m p o n e n t s   can  be  l a y e r e d   in  the  b e a d s ,   such   t h a t  

the  s e q u e n c e   at  which   the  c o m p o n e n t s   r e a c h   the  c l o g   c a n  

be  o r d e r e d .   For  i n s t a n c e ,   t he   p r o t e a s e   and  b i s u l f i t e  

compound   can  be  mixed  t o g e t h e r   and  t h e n   fo rmed   i n t o   a n  

i n n e r   l a y e r   w i t h   the  p o l y m e r ,   t h e n   c o a t e d   w i t h   an  o u t e r  

l a y e r   c o m p r i s i n g   the   r e d u c i n g   a g e n t .   When  the  b e a d s   a r e  

added   to  w a t e r   s t a n d i n g   in  t he   d r a i n ,   the   o u t e r   l a y e r   o f  

the   b e a d s   w i l l   d i s s o l v e   mos t   q u i c k l y ,   r e l e a s i n g   t h e  

d i s u l f i d e   r e d u c i n g   a g e n t   to  t h e   c l o g .   As  the  r e d u c i n g  

a g e n t   a c t s   on  the  c y s t e i n e   b o n d s   of  the   h a i r ,   t h e  

r e m a i n d e r   of  the   b e a d s   d i s s o l v e ,   r e l e a s i n g   the  e n z y m e  
which   can  t hen   a t t a c k   the   h a i r .   A l t e r n a t i v e l y ,   t h e  

d i s u l f i d e   r e d u c i n g   a g e n t ,   p r o t e a s e ,   b i s u l f i t e   and  a n y  

o p t i o n a l   i n g r e d i e n t s ,   such   as  a  b u f f e r ,   can  be  u n i f o r m l y  

d i s p e r s e d   t h r o u g h o u t   the   p o l y m e r   in  the  same  b e a d s .  

An  e x a m p l e   of  a  s u i t a b l e   w a t e r - s o l u b l e   p o l y m e r   i s  

p o l y e t h y l e n e   g l y c o l   (PEG)  h a v i n g   a  m o l e c u l a r   w e i g h t   o f  

from  a b o u t   6 , 0 0 0   to  a b o u t   2 0 , 0 0 0 .   H i g h e r   m o l e c u l a r  



w e i g h t   PEG  is  p r o d u c e d   by  l i n k i n g   2  or  3  s m a l l e r   p o l y m e r  

c h a i n s   w i t h   epoxy  l i n k e r s .   G e n e r a l l y ,   the   amount   o f  

p o l y m e r   in  each  bead  is  from  a b o u t   40  to  a b o u t   99%  by  

v o l u m e ,   w i t h   a b o u t   60  to  a b o u t   80%  p r e f e r r e d .   T h e  

r e m a i n i n g   p o r t i o n   c o m p r i s e s   the   a c t i v e   i n g r e d i e n t ( s )   a n d  

w a t e r .   The  a c t u a l   c o n c e n t r a t i o n   of  p o l y m e r   in  t h e  

v a r i o u s   b e a d s   w i l l   d e p e n d   on  the   n a t u r e   of  the   c o m p o n e n t ,  

t h a t   i s ,   w h e t h e r   the   i n g r e d i e n t   is  an  e n z y m e ,   d e t e r g e n t ,  

r e d u c i n g   a g e n t ,   e t c . ,   and  on  the   need  or  d e s i r a b i l i t y   f o r  

m a k i n g   a  f i n a l   p r o d u c t   w h e r e i n   the   d i f f e r e n t   c o m p o n e n t s  

w i l l   r e a c t   in  the   d r a i n   in  an  o r d e r e d   or  s e q u e n t i a l  

m a n n e r .   The  w e i g h t   to  w e i g h t   r a t i o   of  the   v a r i o u s   a c t i v e  

i n g r e d i e n t s   in  the  c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   to  t h e  

p o l y m e r   and  the  r a t i o   of  the   a c t i v e   i n g r e d i e n t s   to  o n e  

a n o t h e r   can  v a r y ,   d e p e n d i n g   upon  a  v a r i e t y   of  f a c t o r s ,  

i n c l u d i n g   the  s t r e n g t h   of  the   e n z y m e ( s )   and  the  p r e s e n c e  
of  v a r i o u s   o p t i o n a l   i n g r e d i e n t s .   For  e x a m p l e ,   in  a  b e a d  

c o m p o s i t i o n   w h e r e i n   c e r t a i n   b e a d s   c o m p r i s e   the  e n z y m e ( s )  

and  a l k a l i   m e t a l   b i s u l f i t e   compound   and  o t h e r   b e a d s  

c o m p r i s e   the  d i s u l f i d e   r e d u c i n g   a g e n t ,   a b o u t   5  to  a b o u t  

50%  of  the  b e a d s   can  c o m p r i s e   a  m i x t u r e   of  a l k a l i n e  

p r o t e a s e   and  b i s u l f i t e   compound   d i s p e r s e d   in  p o l y e t h y l e n e  

g l y c o l ,   t he   w e i g h t   to  w e i g h t   r a t i o   of  enzyme  a n d  

b i s u l f i t e   compound  to  PEG  r a n g i n g   from  a b o u t   1:1  to  a b o u t  

1 : 1 0 0 0 ,   and  a b o u t   50  to  a b o u t   95%  of  the  b e a d s   c o m p r i s e   a  

m i x t u r e   of  a  d i s u l f i d e   r e d u c i n g   a g e n t   d i s p e r s e d   in  PEG, 

the   w e i g h t   to  w e i g h t   r a t i o   of  r e d u c i n g   a g e n t   to  PEG 

r a n g i n g   from  a b o u t   1 : 1 0 0 0 .   O p t i o n a l l y ,   a b o u t   0.1  t o  

a b o u t   20%  of  the  b e a d s   can  c o m p r i s e   a  m i x t u r e   of  an  

a d d i t i o n a l   i n g r e d i e n t ,   such  as  s o d i u m   d o d e c y l s u l f a t e ,  

d i s p e r s e d   in  PEG,  the   w e i g h t   to  w e i g h t   r a t i o   of  SDS  t o  

PEG  r a n g i n g   from  a b o u t   1:1  to  a b o u t   1 : 1 0 0 0 .  

Both  d i s s o l u t i o n   t ime  and  me l t   t e m p e r a t u r e   a r e  

a f f e c t e d   by  the  amount   of  m o i s t u r e   in  the  p o l y m e r  

c o a t i n g .   G e n e r a l l y ,   the   m o i s t u r e   c o n t e n t   is  l e s s   t h a n  



a b o u t   10%  of  the   p o l y m e r   by  v o l u m e   and  p r e f e r a b l y   r a n g e s  
from  a b o u t   0 . 0 1   to  a b o u t   2%.  Bead  d i a m e t e r   can  v a r y   f r o m  

l e s s   t h a n   1 /2   m i l l i m e t e r   to  g r e a t e r   than   7  m i l l i m e t e r s .  

P r e f e r a b l y ,   bead   d i a m e t e r   is  b e t w e e n   a b o u t   0 . 5  

m i l l i m e t e r s   and  a b o u t   5  m i l l i m e t e r s .  

The  e n z y m e s   and  o t h e r   c o m p o n e n t s   may  be  in  e i t h e r  

l i q u i d   or  s o l i d   fo rm.   T h e  e n z y m e   s o u r c e ,   f o r   i n s t a n c e ,  

may  be  e i t h e r   a  f e r m e n t a t i o n   b r o t h   or  a  d r i e d   e n z y m e  

p o w d e r .   In  e i t h e r   c a s e ,   the   p o l y m e r   is  m e l t e d ,   t h e n  

mixed   w i t h   t he   l i q u i d   or  s o l i d   c o m p o n e n t   of  t he   d r a i n  

c l e a n i n g   c o m p o s i t i o n .   The  b e a d s ,   or  p e l l e t s ,   t h e n   can  b e  

fo rmed   in  a  v a r i e t y   of  w a y s .   For  e x a m p l e ,   t he   p o l y m e r -  

c o m p o n e n t   m i x t u r e   can  be  f o r m e d   i n t o   d r o p l e t s ,   t h e n  

r e s o l i d i f i e d .   A l t e r n a t i v e l y ,   the   l i q u i d   m i x t u r e   can  b e  

s p r e a d   i n t o   a  t h i n   s h e e t   wh ich   is  g r o u n d   i n t o   p a r t i c l e s  

a f t e r   i t   has   r e s o l i d i f i e d .   In  a d d i t i o n ,   t he   m a t e r i a l   c a n  

be  e x t r u d e d   and  c u t .   The  word  " b e a d "   as  u s e d   t h r o u g h o u t  

t h i s   a p p l i c a t i o n   is  i n t e n d e d   to  a p p l y   to  a l l   of  t h e s e  

e m b o d i m e n t s .  

The  f o l l o w i n g   e x a m p l e s   a re   p r o v i d e d   to  i l l u s t r a t e  

the  p r e s e n t   i n v e n t i o n   but   are   not   to  be  c o n s t r u e d   a s  

l i m i t i n g .  

E x a m p l e   1 

Two  d r a i n   c l e a n e r   bead   p r o d u c t s   were  p r e p a r e d .   One  

had  t h r e e   d i f f e r e n t   t y p e s   of  p o l y m e r - e n c a p s u l a t e d   a c t i v e  

i n g r e d i e n t s :   s o d i u m   d o d e c y l s u l f a t e   (SDS),   a  h i g h   a l k a l i n e  

p r o t e a s e   ( o b t a i n e d   from  Enzyme  D e v e l o p m e n t   C o r p o r a t i o n ) ,  
and  s o d i u m   t h i o g l y c o l a t e   (Na-TGA) .   The  o t h e r   had  t w o  
d i f f e r e n t   a c t i v e   i n g r e d i e n t s :   NaTGA  and  a  m i x t u r e   of  e n z y m e  
and  s o d i u m   b i s u l f i t e   (SBS) .   The  SBS  was  a d d e d   in  a n  
amoun t   s u c h   t h a t   the   l i q u i d   p r e p o l y m e r   c o n t a i n e d   0 . 0 5 %  

SBS.  The  p o l y m e r   used   was  p o l y e t h y l e n e   g l y c o l   ( F i s h e r  
B r a n d   P E G 8 0 0 0 ) .   The  b e a d s   were   p r o d u c e d   by  e x t r u d i n g  

a  m i x t u r e   of  t he   a c t i v e   i n g r e d i e n t   and  the   p o l y m e r   t h r o u g h  



a  n e e d l e .   T a b l e   II  be low  l i s t s   the   a c t i v e   i n g r e d i e n t s  

and  the   c o n d i t i o n s   u n d e r   wh ich   the   b e a d s   w e r e  

p r o d u c e d .  

The  a p p r o p r i a t e   amount   of  p o l y m e r   was  w e i g h e d   o u t  

i n t o   a  b e a k e r   and  h e a t e d   at  low  h e a t   ( 5 5 ° C - 6 5 ° C )   on  a  h o t  

p l a t e   ( n o n - s t i r r i n g ) .   A  P h a r m a c i a   K16  co lumn  w a s  

c o n n e c t e d   to  a  h e a t i n g   w a t e r   b a t h   and  the  t e m p e r a t u r e  

a d j u s t e d   a c c o r d i n g l y   ( s ee   T a b l e   I ) .   The  a c t i v e   c o m p o n e n t  

was  t h e n   added  to  the  PEG  and  m i x e d   w e l l .   In  the   c a s e   o f  

enzyme  b e a d s ,   the  enzyme  s o l u t i o n   was  added  j u s t   p r i o r   t o  

bead  p r o d u c t i o n ,   the  m i x t u r e   b e i n g   s t i r r e d   o n l y   one  t o  

two  m i n u t e s   b e f o r e   b e i n g   p o u r e d   i n t o   the  co lumn   t o  

p r e v e n t   d e a c t i v a t i o n   of  the   e n z y m e .   A d d i t i o n a l   w a t e r   w a s  

added   as  i n d i c a t e d   on  the   c h a r t .   The  same  g e n e r a l  

p r o c e d u r e   was  u s e d  t o   make  the   e n z y m e - S B S   b e a d s ,   w i th   t h e  

e x c e p t i o n   t h a t   the  SBS  was  added   to  the  enzyme  s o l u t i o n  



p r i o r   to  m i x i n g   i t   w i t h   the  PEG.  In  t he   c a s e   of  SDS 

b e a d s ,   the   m i x t u r e   was  s t i r r e d   g e n t l y   to  a v o i d   f o a m i n g   o f  

the   d e t e r g e n t ,   wh ich   c r e a t e s   b u b b l e   p r o b l e m s   in  t h e  

c o l u m n .   Sodium  t h i o g l y c o l a t e   (Na-TGA)  was  made  by  a d d i n g  
s o d i u m   h y d r o x i d e   to  t h i o g l y c o l i c   a c i d .   E x c e s s   b a s e   w a s  

added   so  t h a t   the   pH  of  the   f i n a l   f o r m u l a t i o n   at   t h e  

d r a i n   s i t e   c o u l d   be  a d j u s t e d   to  e n h a n c e   t h e   a c t i v i t y   o f  

the   e n z y m e .   In  the   i n i t i a l   s t e p ,   NaOH  p e l l e t s   w e r e  

g r o u n d   and  s l o w l y   added   to  l i q u i d   t h i o g l y c o l i c   a c i d   ( o n  

i c e )   and  mixed  u n t i l   a l l   had  been  a d d e d .   T h i s   m i x t u r e  

was  g r o u n d   a g a i n   and  s t o r e d   in  a  p l a s t i c   c o n t a i n e r   t o  

p r e s e r v e   the  s t a b i l i t y   of  the  compound  u n t i l   u sed   in  b e a d  

p r o d u c t i o n .   To  p r o d u c e   the   b e a d s ,   the   NA-TGA  was  m i x e d  

w i t h   the   p r o p e r   a m o u n t   of  w a t e r   ( s e e   T a b l e   I ) .   T h e  

r e s u l t i n g   m i x t u r e   was  t h e n   g r o u n d   and  added   to  t he   PEG. 

The  p r e - p o l y m e r   s o l u t i o n   of  each   c o m p o n e n t   w a s  

i n d i v i d u a l l y   p o u r e d   i n t o   the  co lumn   and  t he   c o l u m n   t o p  

p i e c e   s e c u r e d .   Air   t h e n   was  pumped  v i a   a  M a s t e r f l e x   pump 

( u s i n g   pump  head  s i z e   7014  and  c o m p a t i b l e   t u b i n g )   t h r o u g h  

the  c e n t r a l   i n l e t   v a l v e   of  the  top  p i e c e ,   p r o d u c i n g  

i n t e r n a l   a i r   p r e s s u r e .   The  p r e - p o l y m e r   s o l u t i o n   was  t h u s  

f o r c e d   t h r o u g h   the  c o l u m n   b o t t o m   p i e c e   and  c o n n e c t e d  

s t a i n l e s s   s t e e l   v a l v e ,   and  t hen   t h r o u g h   and  o u t   of  a  

n e e d l e   of  a p p r o p r i a t e   g a u g e ,   as  i n d i c a t e d   in  T a b l e   I I .  

The  c o l u m n   b o t t o m   p i e c e   t u b i n g   c o n n e c t o r ,   v a l v e   a n d  

n e e d l e   were   w r a p p e d   w i t h   h e a t   t a p e   and  r e g u l a t e d   to  t h e  

same  t e m p e r a t u r e   as  t he   c o l u m n .   The  a i r   f l o w   r a t e   was  

a d j u s t e d   a c c o r d i n g l y   to  i n s u r e   i n d i v i d u a l   bead   f o r m a t i o n .  

D r o p l e t s   f rom  the  n e e d l e   were  a l l o w e d   to  f a l l   o n t o   a  

r o t a t i n g   d i s c   to  form  b e a d s .   Cool  a i r   was  b lown  o v e r   t h e  

b e a d s   to  a id   in  r a p i d   s o l i d i f i c a t i o n .   A l t e r n a t i v e l y ,   a 

r e f r i g e r a t e d   s u r f a c e   can  be  u s e d .   Beads   t h e n   p a s s   a  

s t a t i o n a r y   s c r a p e r   w h i c h   r e m o v e s   the  b e a d s   from  t h e  

r o t a t i n g   d i s c   and  d e p o s i t s   them  i n t o   a  c o l l e c t i o n  

v e s s e l .  



Example   I I  

A c t i v i t y   of  A l k a l i n e   P r o t e a s e   w i t h  
Sod ium  B i s u l f i t e   ( S B S )  

The  e f f e c t   of  sod ium  b i s u l f i t e   on  p r o t e a s e   a c t i v i t y  

was  m e a s u r e d   by  a d d i n g   v a r i o u s   a m o u n t s   of  SBS  t o  

a l i q u o t s   of  a  f e r m e n t a t i o n   b r o t h   c o n t a i n i n g   a  h i g h  

a l k a l i n e   p r o t e a s e   ( o b t a i n e d   from  Enzyme  D e v e l o p m e n t  

C o r p o r a t i o n ) .   The  s a m p l e s   t hen   were   a s s a y e d   v i a   t h e  

s t a n d a r d   c a s e i n   s u b s t r a t e   a s s a y   p r o c e d u r e .   The  r e s u l t s  

of  the   t e s t   a re   s e t   f o r t h   in  the   t a b l e   b e l o w :  

In  a  f o l l o w - u p   t e s t ,   r e l a t i v e   a c t i v i t y   was  m e a s u r e d  

by  c o m p a r i n g   s e v e r a l   s a m p l e s   of  p r o t e a s e - c o n t a i n i n g  

f e r m e n t a t i o n   b r o t h   w i t h   s a m p l e s   of  the   b r o t h   to  w h i c h  

0.05%  SBS  had  been   a d d e d .   For  each   r u n ,   two  s a m p l e s   o f  

f e r m e n t a t i o n   b r o t h   were  o b t a i n e d   from  the  same  s o u r c e   a t  

the  same  t i m e ,   t h e n   SBS  was  added   to  one  s a m p l e .   T h e  

s a m p l e s   were  a s s a y e d   as  b e f o r e .   The  r e s u l t s   a re   shown  i n  

the   f o l l o w i n g   t a b l e :  



The  a v e r a g e   i n c r e a s e   in  a c t i v i t y   fo r   t h o s e   s a m p l e s  

c o n t a i n i n g   the  0.05%  SBS  was  24%. 

E x a m p l e   I I I  

Two  s e t s   of  bead  f o r m u l a t i o n s   were  p r o d u c e d   by  t h e  

g e n e r a l   p r o c e d u r e   of  E x a m p l e   I.   One  s e t   c o m p r i s e d   3 

t y p e s   of  b e a d s ,   one  c o m p r i s i n g   the   p r o t e a s e ,   o n e  

c o m p r i s i n g   s o d i u m   d o d e c y l s u l f a t e   and  one  c o m p r i s i n g  

s o d i u m   t h i o g l y c o l a t e   (NaTGA).   The  o t h e r   s e t   was  a  2  b e a d  

f o r m u l a t i o n ,   one  t ype   of  bead  c o m p r i s i n g   the   p r o t e a s e   a n d  

0.05%  SBS  and  the  o t h e r   c o m p r i s i n g   s o d i u m   t h i o g l y c o l a t e .  

To  each   of  10  t e s t   t u b e s   2  g rams   of  dry   h a i r   were  p a c k e d  

and  50  ml.  of  w a t e r   were   a d d e d .   To  h a l f   of  t h e s e   t e s t  

t u b e s   were   added  5  g.  of  t he   f i r s t   b e a d e d   p r o d u c t  

d e s c r i b e d   a b o v e ;   to  the   o t h e r   h a l f   were   a d d e d   5  g.  of  t h e  

s e c o n d   b e a d e d   p r o d u c t   ( c o n t a i n i n g   the  SBS) .   The  f i r s t  

b e a d e d   p r o d u c t   c o n s i s t e d   of  1 .56   gms  enzyme  b e a d s ,   0 . 7 8  

gms  of  SDS  b e a d s   and  3 . 5 2   gms.  of  NaTGA  b e a d s .   T h e  

s e c o n d   b e a d e d   p r o d u c t   c o n s i s t e d   of  1 . 56   gms  of  e n z y m e  

p l u s   SBS  b e a d s   and  3 . 5 2   gms  of  NaTGA  b e a d s .   The  b e a d s  

were   added   to  the  r e s p e c t i v e   t e s t   t u b e s   and  a l l o w e d   t o  

s t a n d   u n s t i r r e d   for   16  h o u r s .   The  h a i r   from  each   t e s t  

t u b e   was  r e m o v e d ,   w a s h e d ,   d r i e d   and  w e i g h e d   to  d e t e r m i n e  

the   t o t a l   amount   of  d e g r a d a t i o n .   The  r e s u l t s   are   s h o w n  

b e l o w :  



Example   IV  

The  p r o c e d u r e   of  Example   I I I   was  r e p e a t e d   wi th   t h e  

e x c e p t i o n   t h a t   each   f o r m u l a t i o n   was  t e s t e d   in  t w e n t y  
s i x   t e s t   t u b e s   r a t h e r   t h a n   f i v e .   The  r e s u l t s   of  the  t e s t  

a re   shown  in  F i g u r e   1  w h i c h   r e p r e s e n t s   a  d i s t r i b u t i o n  

p l o t   of  the  p e r c e n t a g e   of  h a i r   d e g r a d a t i o n   for   e a c h  

f o r m u l a t i o n .   The  x - a x i s   of  e a c h   p l o t   r e p r e s e n t s   t h e  

p e r c e n t   of  d e g r a d a t i o n ,   and  the   y - a x i s   r e p r e s e n t s   t h e  

f r e q u e n c y ,   or  number   of  t e s t   t u b e s   in  wh ich   the  d i f f e r e n t  

p e r c e n t a g e s   of  d e g r a d a t i o n   ( r o u n d e d   to  the  n e a r e s t   w h o l e  

number )   a c t u a l l y   o c c u r r e d .   As  the  two  g r a p h s   show,  t h e  

a v e r a g e   p e r c e n t a g e   of  h a i r   d e g r a d a t i o n   was  h i g h e r   for   t h e  

bead  f o r m u l a t i o n   c o n t a i n i n g   S B S .  



1.  A  c o m p o s i t i o n   fo r   c l e a n i n g   d r a i n s   c l o g g e d  

w i t h   a  h a i r - c o n t a i n i n g   d e p o s i t   wh ich   c o m p r i s e s :  

(a)  a  h a i r - d i s i n t e g r a t i n g   a m o u n t   of  a  p r o t e o l y t i c  

e n z y m e ,  

(b)  a  d i s u l f i d e   r e d u c i n g   a g e n t ,   a n d  

(c)  an  a l k a l i   m e t a l   b i s u l f i t e   c o m p o u n d  

in  an  a m o u n t   s u f f i c i e n t   to  e n h a n c e   the   r a t e   o f  

a c t i v i t y   of  the   e n z y m e ,  
w h e r e i n   the   c o m p o n e n t s   ( a ) ,   (b)  and  (c)  a r e   p r e s e n t  

as  d i s p e r s i o n s ,   s e p a r a t e l y   or  in  c o m b i n a t i o n ,   i n  

w a t e r - s o l u b l e   b e a d s ,   e ach   c o m p r i s i n g   a  w a t e r - s o l u b l e  

p o l y m e r ,   such  t h a t   the   enzyme  and  r e d u c i n g   a g e n t  

c a n n o t   s u b s t a n t i a l l y   c r o s s - r e a c t   p r i o r   to  d i s s o l u t i o n  

of  t h e   b e a d s ,   and  w h e r e i n   t he   c o m p o s i t i o n   on  d i s s o l u t i o n  

p r o v i d e s   a  pH  t h a t   e n h a n c e s   h a i r   d e n a t u r a t i o n .  

2.  A  c o m p o s i t i o n   as  c l a i m e d   in  c l a i m   1  w h i c h  

c o m p r i s e s :  

(a)  b e a d s   c o m p r i s i n g   a  m i x t u r e   of  t he   p r o t e o l y t i c  

enzyme   and  b i s u l f i t e   compound   d i s p e r s e d   in  a  w a t e r  

s o l u b l e   p o l y m e r   a n d  

(b)  b e a d s   c o m p r i s i n g   the   d i s u l f i d e   r e d u c i n g  

a g e n t   d i s p e r s e d   in  a  w a t e r   s o l u b l e   p o l y m e r .  

3.  The  c o m p o s i t i o n   of  c l a i m   1  w h e r e i n   t h e   p r o t e o l y t i c  

e n z y m e ,   d i s u l f i d e   r e d u c i n g   a g e n t ,   and  a l k a l i   m e t a l  

b i s u l f i t e   a r e   each   d i s p e r s e d   u n i f o r m l y   t h r o u g h o u t  

the   b e a d s .  

4.  A  c o m p o s i t i o n   as  c l a i m e d   in  c l a i m   1  w h e r e i n  

e a c h   bead   c o m p r i s e s   at   l e a s t   two  l a y e r s ,   one  l a y e r  

c o m p r i s i n g   the   p r o t e o l y t i c   enzyme  mixed   w i t h   t h e  

a l k a l i   m e t a l   b i s u l f i t e   and  d i s p e r s e d   in  t he   w a t e r  

s o l u b l e   p o l y m e r   and  one  l a y e r   c o m p r i s i n g   t he   d i s u l f i d e  

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



5.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1,  2,  3  and  4  w h e r e i n   t he   a l k a l i   m e t a l   b i s u l f i t e  

is   s o d i u m   b i s u l f i t e .  

6.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to  5  w h e r e i n   t he   w e i g h t   r a t i o   of  p r o t e o l y t i c   e n z y m e  

to  b i s u l f i t e   compound   r a n g e s   from  a b o u t   1 0 : 1   t o  

a b o u t   1 0 0 0 : 1 .  

7.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to  6  w h e r e i n   t he   b i s u l f i t e   compound   is  p r e s e n t  

in  an  a m o u n t   of  a b o u t   0 . 0 0 1   to  a b o u t   0 .1   w e i g h t  

p e r c e n t   of  the   t o t a l   c o m p o s i t i o n .  

8.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to  7  w h e r e i n   t he   c o m p o s i t i o n   a l s o   c o m p r i s e s   a 

b u f f e r ,   d e t e r g e n t ,   t h i c k e n i n g   a g e n t   or  s t a b i l i z e r .  

9.  A  c o m p o s i t i o n   as  c l a i m e d   in  c l a i m   8  w h e r e i n  

N , N , N ' ,   N ' -   t e t r a k i s   ( 2 - h y d r o x y p r o p y l )   e t h y l e n e  

d i a m i n e   is  p r e s e n t   as  a  s t a b i l i z e r .  

10.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to  9  w h e r e i n   t he   w a t e r   s o l u b l e   p o l y e r   is  p o l y e t h y l e n e  

g l y c o l .  

l l .   A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to  10  w h e r e i n   the   b e a d s   c o m p r i s e   a b o u t   40%  t o  

a b o u t   99%  by  v o l u m e   w a t e r - s o l u b l e   p o l y m e r .  

12.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to  11  w h e r e i n   t he   b e a d s   have  a  d i a m e t e r   of  a b o u t  

0 .5   to  a b o u t   7  m i l l i m e t r e s .  

13.   A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to  12  w h e r e i n   the   p r o t e o l y t i c   enzyme  is  a  b a c t e r i a l  

or  p l a n t   p r o t e a s e   or  m i x t u r e   of  p r o t e a s e s .  

14.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to  13  w h e r e i n   t he   d i s u l f i d e   r e d u c i n g   a g e n t   i s  

a  t h i o g l y c o l a t e .  

15.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to  13  w h e r e i n   the   d i s u l f i d e   r e d u c i n g   a g e n t   i s  

6 - m e r c a p t o e t h a n o l .  

16.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s   w h e r e i n   the  w e i g h t   to  w e i g h t   r a t i o  



of  p r o t e o l y t i c   enzyme  to  d i s u l f i d e   r e d u c i n g   a g e n t  

is  from  a b o u t   1 :1   to  a b o u t   1 : 2 0 0 .  

17.  A  c o m p o s i t i o n   for   c l e a n i n g   d r a i n s   c l o g g e d  

w i t h   a  h a i r - c o n t a i n i n g   d e p o s i t   wh ich   c o m p r i s e s :  

a  p l u r a l i t y   of  w a t e r   s o l u b l e   b e a d s   w h e r e i n  

a b o u t   5%  to  a b o u t   50%  of  the   b e a d s   c o m p r i s e   a  m i x t u r e  

of  an  a l k a l i n e   p r o t e a s e   and  s o d i u m   b i s u l f i t e   d i s p e r s e d  

in  p o l y e t h y l e n e   g l y c o l   (PEG),   the   w e i g h t   to  w e i g h t  

r a t i o   of  p r o t e a s e   to  s o d i u m   b i s u l f i t e   r a n g i n g   f r o m  

a b o u t   1 0 : 1   to  a b o u t   1 0 0 0 : 1   and  the   w e i g h t   to  w e i g h t  

r a t i o   of  p r o t e a s e   and  s o d i u m   b i s u l f i t e   to  PEG  r a n g i n g  

from  a b o u t   1 :1   to  a b o u t   1 : 1 0 0 0 ;   a n d  

a b o u t   50%  to  a b o u t   95%  of  t he   b e a d s   c o m p r i s e  

a  m i x t u r e   of  s o d i u m   t h i o g l y c o l a t e   d i s p e r s e d   in  P E G ,  

the   w e i g h t   to  w e i g h t   r a t i o   of  s o d i u m   t h i o g l y c o l a t e  

to  PEG  r a n g i n g   f rom  a b o u t   1 :1   to  a b o u t   1 : 1 0 0 0 .  

18.  A  m e t h o d   fo r   c l e a n i n g   a  p i p e   c l o g g e d   w i t h  

a  h a i r - c o n t a i n i n g   d e p o s i t   w h i c h   c o m p r i s e s   c o n t a c t i n g  

the   d e p o s i t   w i t h   a  c o m p o s i t i o n   w h i c h   c o m p r i s e s :  

(a)  a  h a i r - d i s i n t e g r a t i n g   amoun t   of  a  p r o t e o l y t i c  

e n z y m e ,  

(b)  a  d i s u l f i d e   r e d u c i n g   a g e n t ,   a n d  

(c)  an  a l k a l i   m e t a l   b i s u l f i t e   compound  i n  

an  a m o u n t   s u f f i c i e n t   to  e n h a n c e   the   r a t e   of  a c t i v i t y  

of  the   e n z y m e ,  
w h e r e i n   t h e   c o m p o n e n t s   ( a ) ,   (b)  and  (c)  a r e  

p r e s e n t   as  d i s p e r s i o n s ,   s e p a r a t e l y   or  in  c o m b i n a t i o n ,  

in  w a t e r - s o l u b l e   b e a d s ,   each   c o m p r i s i n g   a  w a t e r -  

s o l u b l e   p o l y m e r ,   such   t h a t   t he   enzyme  and  r e d u c i n g  

a g e n t   c a n n o t   s u b s t a n t i a l l y   c r o s s - r e a c t   p r i o r   t o  

d i s s o l u t i o n   of  the   b e a d s ,   and  w h e r e i n   the  c o m p o s i t i o n  

on  d i s s o l u t i o n   p r o v i d e s   a  pH  t h a t   e n h a n c e s   h a i r  

d e n a t u r a t i o n .  
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