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The d~radation of hyaluronate, the chondroitin sulfates and 
heparin by bacterial enzymes (flavobacterium) 

The  s t ruc tu re s  of chondroi t in  sulfa te  B (ChS-B), of hepar in  and  of hepar i t in  sulfa te  l are still 
unknown .  A s t u d y  of s t ruc tu re  based on degrada t ion  of these  mucopo lysacchar ides  by adap t i ve  
bacterial  e n z y m e s  appeared  feasible when  such enzymes  became available.  In  this  paper  prel imi-  
na ry  d a t a  on tile b reakdown of var ious  acid mucopolysacchar ides  by cell free ex t r ac t s  of the  
f lavobac ter ium 2, both  u n a d a p t e d  and  adap ted  to hepar in  or  ( 'hS-B,  will be presented.  

All ex t r ac t s  were prepared by  a m m o n i u m  sulfa te  precipi ta t ion of d i lu te  K ~ H P O  4 ex t r ac t s  
of the  acetone-dr ied bacteria.  The  precipi ta tes  were dialysed and  lyophilized. 

A. Unadapted bacteria. It  was found previously  tha t ,  wi th  hepar in  as carbon source,  ex t r ac t s  
of a s t ra in  of f l avobac te r ium hydro lysed  heparin ,  hya l u rona t e  and  chondroi t in  sul fa te  of cart i lage.  
The  hydro lys i s  of the  last  two was appa ren t ly  due to a cons t i tu t ive  enzyme.  Accordingly,  ex t r ac t s  
of the  u n a d a p t e d  s t ra in  were prepared grown on a t r y p t i c a s e - p h y t i n e - g l u c o s e  m e d i u m  2. Wi th  
hya lu rona t e  as a subs t ra te ,  the  u n a d a p t e d  e n z y m e  produced a d isacchar ide  u n s a t u r a t e d  in t he  
,4 4-5  posit ion of the  uronidic moie ty  and  identical  wi th  t h a t  produced by o ther  bacterial  hya l -  
uronidases  3 as evidenced by paper  c h r o m a t o g r a p h y  and  by adsorp t ion  a t  230 mp.  

In con t r a s t  to o ther  bacterial  hya lu ron idases  which do not  hydrolyse  chondroi t in  su l fa tes  
A and  C, ex t r ac t s  of the  u n a d a p t e d  f lavobac te r ium hydro lysed  these  two polysacchar ides  at  a 
high rate  with the  product ion  of u n s a t u r a t e d  di- and  oligosaccharides,  which proved to be only  
par t ly  sulfated.  Appa ren t ly  in a p r imary  reaction, sulfated,  u n s a t u r a t e d  ol igosaccharides are 
produced  which are desul fa ted  in a secondary  react ion by a su l fa tase  s imilar  to the  chondro-  
su l fa tase  recent ly  found in Proteus vulgaris 4, With the  normal  sul fa ted te t rasacchar ide  of ChS-A 
as subs t r a t e  (obtained by digest ion with tes t icular  hyaluronidase) ,  t he  u n a d a p t e d  e n z y m e  yields 
two disaccharides ,  one normal ,  the  o ther  unsa t u r a t ed ,  indica t ing tha t ,  as with o ther  bacterial  
hya luron idases ,  u n s a t u r a t i o n  occurs  only dur ing  the  opening of a hexosamin id ic  group.  

B. Heparin-adapted bacteria. E x t r a c t s  of this  adap ted  o rgan i sm conta in  a "bac te r i a l "  
hya luronidase .  The),  fu r ther  hydrolyse  hepar in  and  hepar i t in  sul fa te  a t  a rapid ra te  with the  
product ion  of ol igosaccharides possess ing g lucosamine  or N-ace ty lg lucosamine ,  respectively,  as 
reducing  endgroups .  The  color value  of the  uronic acid drops dur ing  the  hydro lys i s  c o n c o m i t a n t l y  
with the  increase in reducing  suga r  while the  hexosamine  values  remain  unaffected.  Chemical ly  
desu l fa ted  hepar in  and  hepar i t in  sulfa te  are res i s tan t  to the  e n z y m e  action,  indica t ing  t ha t  a 
su l fa te  group is essent ia l  for the  glycosidic cleavage.  One of the  p roduc t s  appear s  to be an  un-  
s a t u r a t e d  d isacchar ide  not  identical  with t ha t  derived from hya luron ic  acid. This  f inding again  
emphas izes  the  marked  difference in the  s t ruc tu re  of hepar in  and  hya lu rona te .  

C. ChS-B adapted bacteria. The  carbon source for this  s t ra in  was a sample  of f l-heparin 
generously  suppl ied by Dr. A. WINTERSTEIN of Basle. (fl-heparin is in all respects  identical  with  
ChS-B of pig or bull skin1). E x t r a c t s  prepared from the  adap ted  bacter ia  with ChS-B of pigskin 
as subs t r a t e  cause  an increase of reducing value,  a rise in the  carbazole value  in the  first 4 h of 
incuba t ion  and  a parallel increase in the  absorpt ion  a t  23o m/,. Af ter  4 h, carbazole color and  
U.V. absorp t ion  decrease parallel to each o ther  and  d i sappear  pract ical ly  on e x h a u s t i v e  digestion.  
The  p r imary  react ion consis ts  of a cleavage of the  hexosaminid ic  bonds  with the  product ion of 
-~1 4-5 tmsa tu ra t ed  uronides. A second adap t ive  enzyme  causes  the  cleavage of the  unsa tu ra t ed  
uronides in an  as ye t  undefined m a n n e r  leading to free N-acetyl-galactosamine.  The  enzyme  
responsible  for the  secondary  reac t ion  is i nac t iva t ed  by  wa rming  the  ex t r ac t s  to 56~' for 5 min.  
Such heatect ex t r ac t s  yield a m i x t u r e  of u n s a t u r a t e d  (sulfated and  desulfa ted)  di- and  oligo- 
sacchar ides  identical  with  the  p a t t e r n  produced  f rom ChS-A and  C with the  u n a d a p t e d  enzyme.  
The  heat- labi le  enzyme,  which  is p resen t  in the  adap ted  and  a b s e n t  in the  u n a d a p t e d  bacter ia ,  
also c leaves  the  zl 4 -5  u n s a t u r a t e d  d isacchar ides  prepared from h y a l u r o n a t e  or  chondro i t in  3 
caus ing  the  d i sappea rance  of carbazole  color and  yielding free N-ace ty l -hexosamines .  It  does not  
cleave the  no rma l  s a t u r a t e d  disacchar ides .  These  expe r i men t s  sugges t  t h a t  ChS-B con ta ins  the  
s a m e  fl-4 hexosamin id ic  and  fl-3 uronidic  l inkages  t h a t  are found in chondro i t in  sulfa te  A and  C 
and  t h a t  the  different  uronic  acids  known to be present ,  L-iduronic in the  former  and  D-glucuronic 
in the  lat ter ,  yield identical  zl 4 -5 u n s a t u r a t e d  uronides.  The  ChS-B adap t ed  e n z y m e  has  only  
a negligible ac t ion  on chemica l ly  desu l fa ted  ChS-B cons i s t en t  with the  f indings on the  hepar in  
a d a p t e d  enzyme .  Like the  ex t r ac t s  of the  lat ter ,  the  ~q-adapted ex t r ac t s  hydro lyse  the  hexos-  
amin id ic  bonds  of the  ChS-A and C and  also hydro lyse  the  es ter  su l fa te  g roups  of thei r  oligo- 
sacchar ides .  

Adap t ion  to ChS-B t h u s  leads to the  e labora t ion  of a n u m b e r  of consecut ive  s t e p s  first to 
the  c leavage of the  ga lac tosamin id ic  bonds  of the  su l fa ted  po lymer  by an e l imina t ion  reaction,  
and  second to the  c leavage of the  u n s a t u r a t e d  uronides  leading to free N-ace ty l -ga lac tosamine .  
A t t e m p t s  to sepa ra te  the  va r ious  enzymic  s teps  are in progress.  
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The possible role of the ribonucleic acid (RNA)  of the pH 5 enzyme in 
amino acid activation 

Recen t ly .  HOAGLAND 1, a n d  ItOAGLANI), KELLER ANI) ZAMECNIK z d i s c o v e r e d  a n  e n z y m e  ( the  p I [  5 
e n z y m e )  m t h e  s o l u b l e  f r a c t i o n  of  r a t  l iver ,  w h i c h  c a t a l v s e d ,  t h e  a c t i v a t i o n  of  s e v e r a l  a m i n o  a c i d s .  
T h e y  a f u r t h e r  s u c c e e d e d  in l ) r e p a r i n g  a ce l l - f r ee  s y s t e m  f r o m  r a t  l iver ,  w h i c h  c o n t a i n e d  m i c r o s o m e s  
a n d  t h e  p H  5 e n z y m e  a n d  g a v e  a c t i v e  i n c o r p o r a t i o n  of l W - a m i m )  a c i d s  i n t o  t h e  m i c r o s o m c  p r o t e i n .  
In  t h e s e  r e p o r t s  a,'l, I h e y  e m p h a s i z e d  t h e  ro le  of  t h e  i n i c r o s o m e  R N A  in t h e  p r o t e i n  s y n t h e s i s  
b y  t h i s  e n z y m e  s y s t e m  b u t  t h e y  m a d e  n o  r e f e r e n c e  t o  t h a t  of  t h e  R N : \  in t h e  so l t lb le  f r a c t i o n .  
T h e  p r e s e n t  c o m m u n i c a t i m l  ( teals  w i t h  t h e  p o s s i b l e  ro le  o f  t i le  R N A  c)f t h e  p i t  .5 e n z y m e  in a m i n o  
a c i d  a c t i v a t i o n ,  a n d  t h e  p ( ) ss ib i l i ty  ()( c o m p l e x  f o r m a t i o n  b e t w e e n  t h i s  RN.-\  a n d  a m i n o  a c i d  is 
a l so  d i s c u s s e d  

T h e  p H  5 e n z y m e ,  p r e p a r e d  f r o m  y o u n g  r a b b i t  l ive r  a c c o r d i n g  to  t h e  m e t h o d  of  t{OAGLANI) 
el al .  ~. w a s  i n c u b a t e d  w i t h  1 o o / t g  c r y s t a l l i n e  R N a s e  ( \ V o r t h i n g t o n  Pli(~chem. Corp . )  p e r  m l  a t  37 
for  3 ° r a in  ( p H  - 7.8).  I t s  p H  w a s  t h e n  a d j u s t e d  to  5.1 w i t h  d i l u t e  a c e t i c  a c i d ,  t h e  p r e c i p i t a t e  
w a s  w a s h e d  w i t h  a c e t a t e  b u f f e r  a n d  t h e n  d i s s o l v e d  in o . i . l /  t r i s - b u f f e r ,  p H  7 . 8 . . k s  a c o n t r o l ,  
t h e  s a m e  a m o u n t  o f  t h e  p H  5 e n z y m e  w a s  u s e d ,  w h i c h  w a s  t r e a t e d  in t h e  s i m i l a r  m a n n e r  b u t  
w i t h o u t  R X a s e .  T h e  a m i n o - h y d r o x a m a t e  f o r m a t i o n  w a s  m e a s u r e d  l) 3' t h e  p r o c e d u r e  of HOAGLANI) 
ct a l / ,  u s i n g  a c e t o h v d r o x a m a t e  as  a s t a n d a r d .  

.ks s h o w n  m "l"able l, w h e n  t h e  p t l  5 e n z y m e  p i ' e . t r ea ted  w i t h  R N a s e  w a s  i n c u b a t e d  w i t h  
.VI 'P a n d  t h e  a l l l i i lo  a c i d  i n i x t u r e ,  t h e  a m o u n t  o f  t h e  h v d r o x a m a t e  f o r m e d  l)v t h e  a m i n o  a c i d s  
w a s  d e c r e a s e d ,  a s  c o m p a r e d  w i t h  t h a t  in t h e  c o n t r o l  e x p e r i m e n t .  T h e  r e s u l t s  s u g g e s t e d  t h a t  t h e  
R N A  of  t h e  p H  5 e n z v m e  m i g h t  p a r t i c i p a t e  in t h e  m e c h a n i s m  of  a m i n o  a c i d  a c t i v a t i o n .  R e c e n t l y  
HOlA.I.:Y 6 r ( ' p o r t e d  t h a t  t h e  p H  5 e n z y m e  b r o u g h t  a b o u t  t h e  c o n v e r s i o n  of r a d i o a c t i v e  . \ M P  i n t o  
.\'1"1', w h i c h  o c c u r r e d  ()nix" in t h e  p r e s e n c e  o f  l . - a l a n i n e  a n d  f u r t h e r  t h a t  t h i s  c o n v e r s i o n  w a s  
i n h i b i t e d  b y  R N a s e .  
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TIlE FFFECT OF I{NASI.: ON AMINO HYI)ROXAMATE FORMATION BY "l'lll'~ p l t  .5 ENZYME 

l -nzyme pre-trl'aled a lthoul l¢.\'axr E~tzvm¢" pre-l~t'ated u tth R.\'as¢ 

Ilvdrotamate /ormed //,moles per flask) flvdro~amalr It, treed {ltmoles per flask) h'clatir¢ 
I-~pt. - -  . . . . . . . . . . . . . . . .  RNA content 

No. With I|'tthout IVzth II'~thout o / the  enzyme 
amino acid amino acid l)l//zrencc ¢tmino acid amino acid ])l:jercn~c: (C~o it 

mixture mixture mixture raid.lure control t,alueJ 

31 o. 10 o .05  O. I I 0.0() 0 .o  I o .o  5 5o 
~A o. 21 (3.07 O. I 4 0-07  0"04 0 .0~ 52 
33 O. 1.5 0.01 O. I 4 0 . 0 7  0"03 0"04 .~3 

M e a n  v a l u e  o. 17 o .04  o. 13 o .07  0-03  0 .04  .52 

I n c u b a t i o n  a t  37 for  1 h. T h e  s a m e  r e a c t i o l l  m i x t u r e  wa.~ u s e d  a s  t h a t  c~f ~-tOAGLA.~I) e/ al.'-'. 


