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I n t e r a c t i o n  o f  in tac t  t y p e  VI  c o l l a g e n  wi th  h y a l u r o n a n  
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The  capaci ty o f  non-peps inyred  type VI collagen to oind to  hyaluronan wa investigated. Type V! collagen was extracted from bovine meniscal 
cart i lage with 6 M GuHCI  and purified by extract ion o f  PEG precipitates and  dissociative Sephacryl  S-500 H R  chromatography.  Type  VI collagen, 
detected  with a monoc lona l  ant ibody,  b.Jund in 0.5 M NaCI to hya luronan-coa ted  micro-wells, the  degree o f  binding being higher at  37°C than 
23~C and 4°C. Incubat ion  o f  type Vl collagen in compet i t ive  inhibit ion assays with testieular hyaluronidase digests o f  hyaluronan in liquid phase, 
reduced binding o f  the protein to  hya turonan-coa ted  microwells *o background levels. Thus,  non-pepslnyzed ~yr ~ v !  collagen binds to hyaluronan 

in vitro. 

Collagen; Type S.'l collagen; Hyaluronan;  Hyaluronic  acid: Cartilage; Meniscus 

1. I N T R O D U C T I O N  

T y p e  V l  c o l l a g e n  is  c o m p o s e d  o f  t h r e e  g e n e t i c a l l y  
d i s t i n c t  a c h a i n s  t h a t  f o r m  a r e l a t i v e l y  s h o r t  t r i p l e  h e l i x  
w i t h  l a r g e ,  g l o b u l a r  d o m a i n s  a t  e a c h  e x t r e m i t y  [! ]. T h e  
n o n - h e l i c a l  p o r t i o n s  o f  t h e  m o l e c u l e  c o n t a i n  a t  l e a s t  15 
r e p e a t  s e g m e n t s  t h a t  b e a r  h o m o l o g y  w i t h  t h e  c o l l a g e n  
b i n d i n g  m o t i f  o f  y o n  W i l l e b r a n d  f a c t o r ,  a n d  a f u r t h e r  
s e g m e n t  t h a t  s h a r e s  h o m o l o g y  w.;*_h * b e  t y I m  I I I  r e p e a t  
o f  f i b r o n e c t i n  [ 2 - 5 ] .  T e t r a m e r s  o f  t h e  m o l e c u l e  a p p e a r  
t o  a s s o c i a t e  t o  f o r m  f i l a m e n t s  [ ! ]  t h a t  m a k e  c o n t a c t  
w i t h ,  b u t  s e e m  i n d e p e n d e n t  o f  t h e  m a i n  t y p e  I a n d  ! I I  
a n d  t y p e  I I  c o l l a g e n  f i b r i l s  [6].  C o n s i s t e n t  w i t h  t h e s e  
o b s e r v a t i o n s  i s  t h e  r e p o r t  t h a t  t y p e  V I  c o l l a g e n  b i n d s  
t o  f i b r i l l a r  t y p e  I c o l l a g e n  [3]. T h e s e  p r o p e r t i e s  o F  t y p e  
V I  c o l l a g e n  i m p l y  a r o l e  f o r  t h e  p r o t e i n  a s  a n  i n t e r r n o l e -  
c u l a r  a d h e s i o n  f a c t o r  i n  t h e  h i g h e r - o r d e r e d  o r g a n i z a -  
t i o n  o f  m a c r o m o l e c u l e s  i n  t h e  e x t r a c e l l u l a r  m a t r i x  o f  
c a r t i l a g e  a n d  o t h e r  c o n n e c t i v e  t i s s u e s ,  

I n  t h e  c o u r s e  o f  i m m u n o l o c a l i z a t i o n  s t u d i e s  o f  t y p e  
V I  c o l l a g e n  i n  a r t i c u l a r  c a r t i l a g e ,  w e  n o t e d  a s t r i k i n g  
i n c r e a s e  i n  s t a i n i n g  o f  t h e  p r o t e i n  a f t e r  t h e  t i s s u e  w a s  
d i g e s t e d  w i t h  s t r e p t o m y c e s  h y a l u r o n i d a s e  b e f o r e  r e a c -  
t i o n  w i t h  a n  a n t i - t y p e  V I  c o l l a g e n  m o n o c l o n a l  a n t i -  
b o d y .  S i m i l a r l y ,  W u  e t  a l .  [7] r e p o r t e d  t h a t  d i g e s t i o n  o f  
b o v i n e  n u c l e u s  p u l p o s u s  w i t h  s t r e p t o m y c e s  h y a l u r o n i -  

Abbreviations: PEG,  polyethylene glycol; P M S F ,  phenylmethylsulfo-  
nyl fluoride; G u H O ,  glanidine hydrochlor ide;  lISA, bovine serum 
albumin.  
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d a s e ,  b u t  n o t  c h o n d r o i t i n a s e  A B C ,  r e l e a s e d  s u b s l a n t i a l  
a m o u n t s  o f  t y p e  V i  c o l l a g e n  f r o m  t h e  l i s s u e .  T h e s e  
o b s e r v a t i o n s  s u g g e s t  t h a t  h y a l u r o n a n  m a y  b e  o n e  o f  t h e  
m a c r o m o l e c u l e s  t o  w h i c h  t y p e  V I  c o l l a g e n  b i n d s  in  c o n -  
n e c t i v e  t i s s u e s .  

i n  t h i s  s t u d y ,  w e  d e m o n s t r a t e  t h a t  a h i g h l y  p u r i f i e d ,  
i n t a c t ,  n o n - p e p s i n y z e d  t y p e  V !  c o l l a g e n  b i n d s  t o  h y a l u -  
r o n a n  i n  v i t r o .  

2. E X P E R I M E N T A L  

2. I. A4ttterials 
Human  umbilical cord hyaluronan,  bovine testicular hyaluronidase 

(EC 3.2.1.35). PEG (average molecular  weight 3350) and BSA (>98% 
pure) were purchased from Sigma Chemical Co. ,  St. Louis, MO,  USA. 
Dextrav. (tool. wt. 70 000) was front Pharmacia Biotechnology Pro- 
ducts,  Piscataway, NJ USA. Pro-Bind assay plates (Falcon) were f rom 
Becton Dickinson Co, Lincoln Park, NJ. Ant i -human  type V! collagen 
monoclonal  ant ibody (5D3, nell supcrnatant)  was kindly supplied by 
Dr Eva EngvalL La Julia CA. Goa t  ant i -mouse IgG (H-~L) alkaline 
phospha te  conjugated,  was f rom Bio-Rad Lab., Richmond,  CA. 

2.2. Isolation o f  Type Ifi collcgen 
b4edial and lateral menisci f rom nine-month-old  bovine knee joints  

were dissected free o f  adhering tissue, washed briefly with distilled 
water,  diced with a scalpel blade and then ground  to a granular  
consistency in liquid nitrogen. The ground menisci were extracted (I 
g tissue: 10 ml solution) for 2 days  at 4°C with 6 M GuHCI,  0.05 M 
sodium acetate p H  6.2, conta ining the following proteinase inhibitor's: 
0 . 0 I  M E D T A ;  0.1  M ~-amino-~-c.apt'oic acid; 0.005 M benzamidine 
HCI; 0.001 M N-ethylmaleimide; and  0.001 M PMSF.  The solutions 
were centrifuged (5000 rpm for  30 rain) and  the superna tant  further  
clarified by filtration through a scintered glass funnel. The  extract was 
di luted with 50 m M  Tris-HCl,  pH 7.2, containing the proteinase inhi* 
bitors,  to  a final concentra t ion o f  4 M GuI~-Ci. This solution was 
mixed with an equal volume o f  60qb P E G  (t irol.  wL  3350) in 4 M 
GuHCI ,  50 ruM Tris-HCI, pH 7.2, gently by invexxion and left over-  
night  at 40C in 12 ml capacity ultracentrifuge tubes. The fine precipi- 
hate that  formed overnight  was ro,3overcd by o~rttrifugation at  100 000 
x g for  30 rain at 8°C in a Beckman SW 40 swing-out  ro tor  and L8 
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u l t r a cen t r i f uge .  The  pelle! w a s  d i s p e r s e d  in 12 ml  o f  c o l d  wa te r ,  gen t l y  
r o t a t e d  at  4 ° C  for  I h and t h e n  recx-ntr ifuged a s  l~l-ore.  ]-his  p r o c t . d u r e  
was  r e p e a t e d  once .  / h e  pel le t  wag then  d i s p e r s e d  in 12 ml  o r e 5  M 
N a t ' t  1.0 ~T~M n - e t h y l m a l e i m i d e ,  50 mM T t i s - H C t ,  p H  6.2 f o r  a h ;it 
4"C. 1he l'~,-Ilet was a g a i n  re, cove red  by c e n t r i f u g a t i o n  a n d  the  pr~,ce- 
d u r e  rcl~-atev3, T h e  pelk=t was t h e n  w a s h e d  twic-e wi th  d i s t i l l e d  w a t e r  
as  b~l'ore t o  r t , lnove any  r e m a i n i n g  sai l .  The pel le t  wag then  d i s p e r s e d  
a n d  genii)" s h a k e n  for  4 h in 0.19& t~,2t.vl ~ - g l u c o s i d e .  t ,0  m M  n- 
c t h y l m u t c i m i d e .  S0 n~,M T r i g - H i ' l ,  p H  h,2 .  rg 'cent r i fuged a n d  w a s h e d  
thrtx- t ime~ w i t h  distilh,xt water ,  l : a c h  p t x ~ i p i t a l e  w a s  disguIved over -  
night  in 3.0 ml o1"4 M ($uH( : ' l .  0.0.~ M T r i s - H ( ' l .  p H  6.2 c o n t a i n i n g  
the  proteinayae i n h i b i t o r s .  I n s o l u b l e  m a t e r i a l  w a s  r e m o v e d  by  c e n t r i f u -  
g a l l o n  a n d  the  s u p e r n a t a n t  c o n t a i n i n g  I 'HIH,~O w a s  c h r o m a t n g r J p h e d  
on  :* c o l u m n  (1.0 × 185 c m )  S e p h a c r y l  S-S00 H R  e q u i l i b r a t 0 d  in a n d  
e l u t e d  w i t h  4 M G u H C I .  0.05 M Tr ig  H C I ,  p H  7.3 at  a f l o w  rate o f  
I¢ r~l/h. F rac t i ons  (2 m l )  were  co l lec ted and  m o n i t o r i a l  f o r  type  V I  
c o l l a g e n  b y  E L I S A  a n d  fo r  r a d i o a c t i v i t y  to  d e t e r m i n e  the  V, o f  the  
column. T h e  p u r i t y  o f  the  t y p e  V l  c o l l a g e n  w a s  e v a l u a t e d  by e l ee t ro -  
p h o r e s i s  in p o l y a c r y l a m i d e  I~ 2 0 % l - a g a r o g e  (0.4 0%~ g r a d i e n t  gels .  
",~rith a n d  w i t h o u t  r ed t i c t i on  wi th  VYFT, a n d  s t a i n e d  w i t h  ( '(~t~ntassie 
b lue .  ( ; c l s  were t - a n s b l o t t e d  o n t o  I m m o h i l o n - P (  M i l l i l ~ r e  C o r p .  Eed-  
ford ,  M A I  a n d  e l m e r  s t a i n e d  br ief ly  wi th  C c ~ m a s s i e  b lue  o r  r,.'a,_'ted 
x~ith the  a n t i - h u m a n  type  VI c o l l a g e n  m e m o : t o n a l  a n t i b o d y  a n d  the  
s e c o n d a r y  a n t i b o d y .  

F o r  i n t e r a c t i o n  s tud ies ,  a s o l u t i o n  o f  p u r e  type  VI in  4 M G u H C I ,  
0 .05 M T r i s - H C I .  p H  7.3 at  the  c o n c e n t r a t i o n  o f  1.97 m g / m l ,  as  
asses,~-d by  b i c i n c h o n i n i c  ac id  a s s a y  wi th  BSA as  s t a n d a r d  [8]. wag 
used as  a s tock  sGlut ion.  T h i s  s o l u t i o n  w a s  d i l u t e d  ,M)-fold wi th  the  
a s s a y  b~lTcr (,~-~c b~low)  to  y ie ld  a l ina l  I y N  VI c o l l a g e n  con¢¢nt~atic.=" 
o f  63,6 Mg/ml and a ( I u H C i  c o n c e n t r a t i o n  o f  0,13 i .  

2.3. i l v a l u r o ~ , u ,  
H u m a n  u m b i l i c a l  c o r d  h y a l u r o n a n  w a s  f u r t h e r  pu r i f i ed  by  e t h a n o l  

pre~-ipi ta t ion [91, T h e  f inal  p r o d u c t  w a s  h o m o g e n e o u s  in p o l y a c r y l a -  
m i d e - a g a r o s ~  gel  e l e e t r o p h o r e s i s  [10l s t a i n e d  w i t h  S t a i n s  Al l  [I I]. 

O l i g o s a c c h a r i d c s  were  g e n e r a t e d  by  d i s s o l v i n g  25 m g  o f  pu r i f i ed  
h y a l u r o n a n  in 2 ml  o f  0.1 M .sodium a c e t a t e .  0.15 M N a f l  p H  5.0 
o v e r n i g h t  a n d  d i g e s t i n g  w i t h  1000 13 o f  b o v i n e  t e s t i c u l a r  h y a l u r o n i -  
d i s c  fo i  3 h at  37~C II 2|. T h e  d i g e s t i o n  w a s  t e r m i n a t e d  by  b o i l i n g ,  a n d  
t he  s o l u t i o n  w a s  then  c e n t r i f u g e d  a n d  t he  s u p c r n a t a n t  b r o u g h t  t o  p H  
7,0 wi th  10S~- N a O H ,  

2.4. F L I S , 4  .tier i rp(" i ' !  i ' o l lagen-h . tw furrman  in teroc ' l ion  
Polys ty rene  96-w¢11 plates were coatcxt ove rn igh t  at  4°C w i t h  I tX) 

MI o f  i n t ac t  h y a l u r o n a n  in so lu t i on  ( 10 Mg/ I IN IMI  o r  20 m M  N a , ( ' O .  
0 .02% N A N , .  p H  9.~L T h e  be l ls  v.ere then washed thret~ t imes w i t h  
0,5 M N a C L  T r i s - l t C I  p H  7.5 (hercol ' tcr  rcfcrn.~l to  a~ T B S L  A ~ystem- 
a t i c  s t t tdy o f  d i f f e r en t  p r o t e i n s  a t  d i f f e r en t  c o n c e n t r a t i o n s  e s t a b -  
l i shed  t h a t  tX¢ o p t i m u m  b l o c k i n g  c o n d i t i o u s  i n v o l v e d  f resh ly  p r e p a r e d  
O.75% b o v i n e  s e r u m  a l b u m i n  ( B S A I  in  T B S  for  I b a t  r o o m  t e m p e r a -  
lure .  T y I ~  VI c o l l a g e n  w a s  d i l u t e d  f r o m  the  s tock  s o l u t i o n  in 4 M 
G u H C I  i n t o  T B S  a n d  i n c u b a t e d  wi th  t he  b l o c k e d  p l a t e s  I o r  2 h. 
in i t i a l ly  a t  4°C.  23°C,  or  37°C,  a n d  in s u b s e q u e n t  e x p e r i m e n t s  a t  37 ° C 
o n l y  (st.'~ ,,uL'ction 3). A n t i - h u m a n  t y p e  VI c o l l a g e n  m o n o c l o n a l  a n t i -  
b o d y  was  d i l u t e d  1:5 w i t h  T T B S  I% BSA ar id  i n c u b a t e d  on  the  we l l s  
w i th  g e n t l e  r ock i ng  fo r  i h .Lt r o o m  t empera tu re ,  T h e  wel ls  were  
w a s h e d  th ree  t imes ,  10 ra in  pe r  w a s h .  w i t h  T B S  c o n t a i n i n g  0 .5% 
Tw¢¢n-20  ( ' I - fBS) .  T h e  wel ls were  i ncuba ted  w i t h  t h e  s~ondary a n t i -  
b o d y .  d i l u t e d  I :1000  w i t h  1-1"111S-I% BSA.  fo r  ! h a t  r o o m  t e m p e r a -  
lu re .  T h e  wel l s  were  w a s h e d  t h r ~  t i m e s  w i t h  r r B s .  T h e  s a b s t r a t c ,  
p - n i t r o p h c n y l p h o s p h a l e ,  was added  and  the p la tes  T~ad in a B i o - R a d  
E L I S A  P l a t e  R e a d e r  a t  405 a m ,  Al l  a s s a y s  w e r e  p e r f o r m e d  in q u a d r u -  
p l i c a t e  and the  s t a n d a r d  d e v i a t i o n  cath:ulated.  

Al l  as lays c o n t a i n e d  the  t e l | o w i n g  n¢~lilti~l~ c o n t r o l s :  ( a |  t he  a d d i t i o n  
o f  type V l  co l lagen was  o m i t t e d  t o  a set  o f  h y a l u t . ~ n a n - c o a t e d  wel ls  
to c~tabl ish non-s l~Ci f ic  binding, o f  an t i bod ies  t o  the h y a l u r o n a n -  
~oatt~l  wells.  T h i s  b ind ing  w a s  establ ished as r~g l ig ib le  in al l  assays. 
~h) Wel ls  w i t h o u t  h y a l u r o n a n  were  c o . t e d  w i t h  B S A  in t he  b l o c k i n g  
s t e p  t o  e s t a b l i s h  t he  degrtae o f  b i n d i n g  to  t h e  BSA b l o c k e r .  T h e  o p t i -  

m u m  b l i n k i n g  c o n d i t i o n s  y i e l d e d  a d c g r c c  o f  b i n d i n g  o f  t y p e  VI 
c o l l a g e n  to  the  BSA tha t  was  m a r k e d l y  b e l o w  t h a t  t o  h y a l u r o n a n  ( see  
,~ct ~on 31. 

2 5 .  ('*,~ai~cli¢itx" m t . h i t i r , ~  F L I N A  u.~~a.L" 
T y p e  VI c o l l a g e n ,  d i l u t e d  I :15  ftx~m the  4 M G u H ( ' I  s o l u t i o n  w a s  

m i x e d  iu g l a s s  ~,ials w i t h  e q u a l  v o l u m e s  o f  the  I b l l o w i n g  ,solut ions:  ( a l  
t h e  o l i g o s a c c h a r i d e  d i ge s t :  ( h i  0.1 M s o d i u m  a c e t a t e .  0.15 M N a C I .  
p H  7.ll, e m p l o y e d  a s  a buflller in d i g e s t i o n  ( lx~si t ive c o n t r o l ) ;  (c)  dcx -  
t r a m  12.~ m g / m l  o, c d iges l io~  b u f f e r  (uega t i vc  c o n t r o l ) .  T h e  m i x t u r e s  
were  incuba ted  at  37°C to.  ~ l h. A l i q u o t s  ~ 100MI)  o f  the m i x t u r ~  we re  
a d d e d  to  the  h y a l u r o n a n  a n d  B S A  coa ted  p l a t e s  a n d  e v a l u a t e d  fo r  t h e  
dcgrg'e o f  b i n d i n g  hy  the  E L I S A  a s s a y  a b o v e .  

3. R E S U L T S  

T h e  p r o c e d u r e  descr ibed for  the  i s o l a t i o n  o f  intact  
t y p e  VI c o l l a g e n  represents  the  results o f  a s y s t e m a t i c  
s t u d y  that inc luded  e v a l u a t i o n  o f  di f ferent  t e c h n o l o g i e s  
and  dif ferent  prec ip i tat ing  agent s  ( a m m o n i u m  sulfate .  
c e s i u m  ch lor ide .  P E G  o f  v a r y i n g  m o l e c u l a r  we igh t s  and 
c o n c e n t r a t i o n s )  for the  puri f icat ion o f  this  relat ively  
inso lub le  prote in .  A s  i so lated ,  the  type  V!  c o l l a g e n  mi-  
grated in clectrophot~etic l~els (Fig.  I ,  lane 2)  under  re- 
d u c e d  c o n d i t i o n s  as a "ladder" o f  f o u r  b a n d s  (185--245 
k D a )  and an intense, slightly broadened  band at 140 k D a ,  
cons i s t en t  w i th  p r e v i o u s  o b s e r v a t i o n s  [7,13]. Im- 
por tant ly ,  n o  mater ia l  w a s  de tec ted  at the  t o p  o f  the  gel,  

1 2 3 
Fig .  t. P o l y a c r y l a m i d e  ( 3 - 2 0 % )  - a f2 t rose  10.4 0 ~ )  g r a d i e n t  e l e c t r o -  
pho rc s i s .  G e l s  were  s t a i n e d  w i t h  ( o o m a s s i e  blue .  L a n e  i .  redugmd 
s t a n d a r d s ,  r ee l .  w t s  200 k D a .  116 k t , a .  97  k D a .  66 k D a  a n d  45 k D a .  
L a n e  2. r e d u c e d  tygm VI c o l l a g e n  s h o w i n g  l a d d e r  o f  b a n d s  a r o u n d  200 
k D a  a n d  i n t e n s e l y  s t a i n e d  b a n d  a t  140 k D a .  L a n e  3. t y p e  V l  o o i l a g c n  
u n d e r  n o n - r e d u c e d  c o n d i t i o n s  w i t h  m a t e r i a l  e x c l u s i v e l y  l o c a t e d  a t  t o p  

o f  gel .  
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Fig. 2. A s  in Fig, I, with except ion  that  mater ia l  on  gel was  transt~!ot- 
ted onto an Irnmobiion-P membrane. Lanes I, 2 and 3 wcr¢ st~Zm.'d 
with Coomassic blue. Lanes 4 and 5 were immunostained ~vith anti- 
human type VI collagen antibody. Lane I, type VI collagen under 
non-reduca~d conditions+ lane 2, reduced standards. 200 kDa. I 16 kDa, 
9? kDa and 66 kDa. Lane 3 reduced type VI collagen+ Lane 4, rcd~ccd 
type V[ collmil~n. Lane 5, non-reduced type V! collagen. Some minor, 

degradation p~roducts of type VI collagen are evident in Lane 4. 

a n  a p p a r e n t  c o n t a m i n a n t  in  o t h e r  s t u d i e s ,  o r  w i t h i n  the  
gel u n d e r  t h e s e  c o n d i t i o n s .  By  a n a l o g y  w i t h  p r e v i o u s  
r e p o r t s ,  t h e  l a d d e r  a r o u n d  200  k D a  r e p r e s e n t s  m o l e c u -  
l a r  v a r i a n t s  o f  t h e  0e3(Vl) c h a i n  a n d  t he  140 k D a  b a n d  
a m i x t m ' e  o f  t h e  ¢zi (VI)  a n d  0t2fVl)  c h a i n s  [13]. U n d e r  
n o n - r e d u c i n g  c o n d i t i o n s  ( F i g .  1, l a n e  3) the  m a t e r i a l  
s t a i n e d  w i t h  C o o m a s s i e  b l u e  w a s  e x c l u s i v e l y  a t  t he  t o p  
o f  gel ,  a s  a n t i c i p a t e d  fo r  p u r e  t y p e  Vi  c o l l a g e n ,  l m m u -  
n o l o c a l i z a t i o n  o f  w e s t e r n  b l o t s  w i t h  t he  5 D 3  m o n o c l o -  
n a l  a n t i b o d y  ~hat  r e c o g n i z e s  a n  e p i t o p e ( s )  o n  thc  ~z3(Vl) 

1 . 2 0 0  - 

i 0 . 9 0 0 .  

0 . 6 0 0  

0 . 3 0 0  

r---ICOLL VI on HA 
r " ~ C O L L  VI on BSA 

! 
--4- 

o . o o o  n. 
4 23  37  

T E M P ~ U R [  ( ' C )  

Fig. 3. E L I S A  assay wi th  type V I  col la l~m ( C O L L  V i )  in l iqu id  phase 
and h y a l u r o n a n  ( H A )  o r  ELSA in sol id phase. In terac t ion  was per- 

formed at 4°C. 23°C and 37°C 
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Fi~. 4 In te rac t ions  of" va r ious  concent ra t ions  o f  t ype  V I  co l |agcn in 
l i qu id  phamc w i th  hya |u ronan-coa ted  plates ags~scd by EL1SA assa~.. 
The ¢onocntrat ion o f  the stock type V! ¢x>llagen solution was  measur-  

ed by the bicinchoninic acid assay.  

c h a i n ,  c o n f i r m e d  t he  l a d d e r  in r e d u c e d  gels  as  tyt-~ VI 
c o l l a g e n .  ( F i g .  2, l a n e  4) 

N e g a t i v e l y  sta,. 'ned e l e c t r o n  m i c r o g r a p h  o f  the  t y ~  VI  
c o l l a g e n  p r e p a r a t i o n  r e v e a l e d  t he  c h a r a c t e r i s t i c ,  d u m b *  
bel l  s h a p e d  s t r u c t u r e  o f  the  p r o t e i n ,  wi th  a l e n g t h  o f  
a b o u t  110 n m  as  p r e v i o u s l y  o b s e r v e d  ( d a t a  n o t  s h o w n ) .  

T y p e  V! c o l l a g e n  b o u n d  t o  h y a l u r o n a n - c o a t e d  m i c r o -  
we l l s  (Fig+ 3). T h e  d e g r e e  o f  b i n d i n g  w a s  t e m p e r a t u r e -  
d e p e n d e n t  a n d  w a s  g r e a t e s t  a t  3 7 ° C  a n d  least  a t  4 ° C .  
T h e  a m o u n t  o f  t y p e  VI  c o l l a g e n  t h a t  b o u n d  to  B S A -  
c o a t e d  m i c r o w ~ l l s  u n d e r  the  s a m e  c o n d i t i o n s  was  m i n i -  
m a l  in  c o m p a r i s o n  (F ig .  3). A l l  s u b s e q u e n t  t y p e  VI  
c o l l a g e n - h y a l u r o n a n  i n t e r a c t i o n s ,  t he r e fo re ,  we re  pe r -  
f o r m e d  a t  3 7 ° C ,  

W h e n  100/~1 o f  a s o l u t i o n  c o n t a i n i n g  t y p e  VI c o l l a g e n  
at  c o n c e n t r a t i o n s  f r o m  4 0 / J g / m l  t o  2 0 0 ~ g / m l  w a s  a d d e d  
to  the  h y a l u r o n a n - c o a t e d  m i c r o w e l l s ,  t he  a m o u n t  o f  
t y p e  V!  c o l l a g e n  b o u n d  w a s  a f u n c t i o n  o f  the  c o n c e n t r a -  
t i o n  a d d e d  ( F i g .  4), 

F ig .  5 s h o w s  the  r e su l t  o f  the  c o m p e t i t i v e  i n h i b i t i o n  
a s s a y ,  w i th  t y p e  V!  i n c u b a t e d  w i t h  H A  o l i g o s a c c h a r i -  
des+ d e x t r a n  o r  b u f f e r  in t he  l i q u i d  p h a s e  b e f o r e  b e i n g  
a d d e d  t o  the  s o l i d  p h a s e  h y a l u r o n a n .  T h e  t y p e  VI co l l a -  
g e n  t h a t  w a s  p r e - i n c u b a t e d  w i th  butTer,  b o u n d  to  the  
h y a l u r o n a n  o n  the  m i c r o w e l l s .  I n  c o n t r a s t  p r e - i n c u b a -  

1.200 

0,900, 

0 . 6 0 0 .  

0.300. 

0.OO0 rl++  
VI ÷~UFFI[R VI÷OLIG VI~D£x 

HA I-IA HA 
Vt liquid --phoINI 
e~ ItOI |¢1 --phoIm 

Fig. 5. Compet i t ive  inhibi t ion assay o f  type V] col lagen (VI)  wi th  
buffer,  h y a l u r o n a n  ol igosacchar ides  ( O L I G )  o r  dextrata ( D E X )  in 
liquid phase.  Mixtures  were then incubated  on  plates  coa ted  with 
h y a l u r o n a n  ( H A )  as solid phase.  A l iSA coated-p la te  served to estab-  

lish non-slmecifi¢ b inding  to the blocker.  
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l i o n  o f  t y p e  VI c o l l a g e n  w i t h  h y a l u r o n a n  o l i g o s a c c h a -  
r ides  m a r k e d l y  r e d u c e d  t he  q u a n t i t y  o f  the  p r o t e i n  t h a t  
b o u n d  to  the  s o l i d  p h a s e  h y a l u r o n a n .  (F ig .  5) T h e  
a n ~ o u n t  o f  t y p e  V I  b o u n d  t o  t h e  h y a l u r o n a n - c o a t e d  
wel l s  u n d e r  these  c o n d i t i o n s  w a s  i n d i s t i n g u i s h a b l e  f r o m  
t h a t  b o u n d  to  t h e  B S A  c o a t e d  wel ls .  P r e - i n c d b a t i o n  o f  
tylx- VI c o l l a g e n  w i t h  dex t  r a n  a t  a c o n c e n t r a t i o n  e q u i v -  
ak-n t  t o  t h a t  o f  t he  h y a l u r o n a n  o l i g o s a c c h a r i d e s ,  h a d  n o  
effect  o n  the  b i n d i n g .  

4. D I S C U S S I O N  

O u r  resul ts  c o n f i r m  that  puri f ied ,  intact  t y p e  V l  c o l l a -  
gen  b i n d s  to  h y a l u r o n a n .  It is n o t a b l e  that  the  b i n d i n g  
w a s  e v i d e n t  in 0 .5  M MAC1, c o n d i t i o n s  that w o u l d  e l i m i -  
nate  s i m p l e ,  e l e c t r o s t a t i c  in t erac t ions .  Th~ i n h i b i t i o n  o f  
the  b ind in  8 by  h y a l u r o n a n  o l i g o s a c c h a r i d e s  in the  li- 
qu id  p h a s e  c o n f i r m s  the  va l id i ty  o f  the so l id  p h a s e  as-  
says ,  

] y p e  V I  c o l l a g e n  m u s t  t h e r e f o r e  b e  a d d e d  t o  t h e  
g r o u p  o f  p r o t e i n s  t h a t  b ' ind  t o  h y a l u r o n a n ,  T h e s e  in -  
c l u d e  p r o t e o g l y c a n s  a n d  1ink p r o t e i n s  [14], a rat c h o n -  
d r o s a r c o m a  prote in  [15], h y a l u r o n e c t i n  116], f ibr inogen  
[17], as  wel l  as  ccll surface  a n d  o t h e r  p r o t e i n s  [18:. O u r  
resu l t s  s u p p o r t  a role  for  t y p e  V!  c o l l a g e n  in the o r g a n i -  
z a t i o n  o f  cx t race l lu lar  m a c r o m o l e c u l e s  in to  h igher  or- 
dered s tructures  in c o n n e c t i v e  t i s sues .  
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