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CONSEQUENCES OF DEFECTS I N  COLLAGEN SYNTHESIS - HYDROXYLYSINE 
DEFICIENCY. S.M. Krane and R.S. Quinn (Boston, Massachuset ts ,  USA) 

I d e n t i f i c a t i o n  of biochemical abnormal i t ies  from s u b j e c t s  with 
h e r i t a b l e  d i s o r d e r s  of connect ive t i s s u e  has been p o s s i b l e  w i t h i n  t h e  
p a s t  few y e a r s  because of r a p i d  growth i n  knowledge of t h e  events  
i n  co l lagen  metabolism. I n  t u r n ,  i d e n t i f i c a t i o n  of t h e  biochemical 
n a t u r e  of such d i s o r d e r s  has provided information about  normal co l lagen  
metabolism a s  w e l l  as about t h e  c l i n i c a l  m a n i f e s t a t i o n s  of known bio- 
chemical d e f e c t s .  Hydroxylysine (Hyl) d e f i c i e n t  co l lagen  d i s e a s e  ( c l a s s -  
i f i e d  by some a s  Ehlers-Danlos syndrome type VI) w a s  f i r s t  i d e n t i f i e d  i n  
two sisters whose c l i n i c a l  d i s o r d e r  included kyphoscol ios i s ,  j o i n t  lax-  
i t y  wi th  r e c u r r e n t  j o i n t  d i s l o c a t i o n s ,  hyperextens ib le  s k i n ,  formation 
of t h i n  s c a r s  and poss ib ly  o c u l a r  f r a g i l i t y  (1). Dermal co l lagen  w a s  
excess ive ly  s o l u b l e  i n  dena tur ing  reagents  and amino a c i d  a n a l y s i s  of t h e  
dermis revea led  a decrease  i n  Hyl conten t  t o  Q 5% of normal whereas Lys 
w a s  no t  reduced. Analyses of tendon and bone showed t h e  reduct ion  i n  Hyl 
conten t  t o  be less than dermis,  and c a r t i l a g e  approached normal d e s p i t e  
an  abnormal p a t t e r n  of r e d u c i b l e  c r o s s l i n k s  (2).  Sonica tes  were obtained 
from f i b r o b l a s t s  c u l t u r e d  from t h e  s k i n  of t h e  a f f e c t e d  c h i l d r e n ,  family 
members and c o n t r o l s  and assayed a t  i n t e r v a l s  a f t e r  passage and a t t a i n i n g  
confluence ( 3 ) .  Whereas p r o l y l  hydroxylase w a s  normal l y s y l  hydroxylase 
i n  t h e  a f f e c t e d  c h i l d r e n  w a s  reduced t o  5-15% of levels i n  c o n t r o l s  
normalized t o  p r o l y l  hydroxylase,  l a c t a t e  dehydrogenase, p r o t e i n  and c e l l  
number. Levels of l y s y l  hydroxylase i n  t h e  normal sister and mother were 
c o n s i s t e n t  w i t h  he te rozygos i ty .  By these  assays  levels i n  f i b r o b l a s t s  
from another  p a t i e n t  with Hyl d e f i c i e n t  co l lagenase  ( 4 )  w e r e  h igher  than 
i n  our kindred,  whereas levels i n  a newly discovered two year  o ld  p a t i e n t  
p r e s e n t i n g  wi th  muscular weakness (through D r .  P. Hanson, Albany Medical 
Col lege)  were reduced t o  t h e  levels observed i n  our kindred.  No i n h i b i t o r  
w a s  de tec ted .  
59,000 x g superna tan t ,  105,000 x p e l l e t  and acetone powder of t h e  
p e l l e t s .  Evidence t h a t  t h e  low a c t i v i t y  of enzyme i n  t h e  a f f e c t e d  
c h i l d r e n  w a s  due t o  abnormal enzyme p r o t e i n  w a s  based on observa t ions  t h a t  
t h e  mutant l y s y l  hydroxylase had an apparent  I$,, f o r  a s c o r b a t e  of 20uM 
vs. normal of 4w, g r e a t e r  h e a t  i n s t a b i l i t y  than normal and t h e  i n a b i l i t y  
t o  form high molecular weight aggrega tes  i n  low i o n i c  s t r e n g t h  b u f f e r s  (5) .  
Under c u l t u r e  condi t ions  where the  f i b r o b l a s t  s o n i c a t e s  i n  t h e  a f f e c t e d  
c h i l d r e n  showed l y s y l  hydroxylase l e v e l s  of 5-lo%, l a b e l e d  Hyl l e v e l s  i n  
co l lagen  formed by t h e  c e l l s  w e r e  reduced by only Q 50% however. Where- 
as col lagen  p r o l y l  hydroxylat ion w a s  depressed i n  a l l  c u l t u r e s  wi thout  
a s c o r b a t e  l y s y l  hydroxylat ion was n o t  depressed i n  absence of ascorba te .  

o r thopedic  surgery  i n  one c h i l d  from our kindred i t  w a s  found t h a t  t h e r e  
w a s  he te rogenei ty  of hydroxylat ion of dermal co l lagen ,  as determined by 
a n a l y s i s  of C N B r  c leavage pept ides .  For example, no Hyl w a s  found i n  
al(1)CB-VIII whereas Hyl w a s  d e t e c t e d  i n  al(I)CB-VI and al(I)CB-7. I n  
c o n t r a s t  bone al(I)CB-VIII contained Q 50% normal Hyl. The reasons  f o r  
t h e  Hyl he te rogenei ty  i n  d i f f e r e n t  t i s s u e s  o r  w i t h i n  a t i s s u e  have n o t  
y e t  been e s t a b l i s h e d  b u t  could be r e l a t e d  t o  v a r i a t i o n  i n  r a t e s  of poly- 

Decreased levels were seen i n  whole s o n i c a t e s  a s  w e l l  as 

I n  pre l iminary  s t u d i e s  of dermal co l lagen  r e c e n t l y  obtained a t  t i m e  of 
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p e p t i d e  c h a i n  s y n t h e s i s ,  a l t e r a t i o n  i n  l y s y l  hydroxy lase  c o f a c t o r  
c o n c e n t r a t i o n s  and r e l a t i v e  d i f f e r e n c e s  i n  ra tes  of p r o l y l  hydroxy- 
l a t i o n .  The e x i s t e n c e  of m u i t i p l e  forms of l y s y l  hydroxy lase  is  a l s o  
a p o s s i b i l i t y .  
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