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Fig. 2. A c t i v a t i o n  of the  pro te in  componen t  of 
moss oxal ic  acid ox idase  by  var ious  f lavin com- 
pounds .  W a r b u r g  exper iment ,  t e m p e r a t u r e  21 ° C. 
Main co lnpa r tn l en t :  i nil  of apo-enzyme,  1 ml  
3.I/I 5 p h o s p h a t e  buffer p H  4.o, I ml  of aqeuous  
f lavin solut ion.  Side a r m :  o.2 ml of ~ ] / i o  oxa la t e  
pH.  3.9. No K O H  in center  well. Measured : excess 
CO2-production over  O2-consumption.  The blank,  
w i t h o u t  any  add i t ion  of f lavin (not p lot ted) ,  was 

v e r y  close to  zero. 
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Fig. 3. Compar i son  of the  a c t i v a t i n g  effect of 
r ibof lavin  and r ibof lavin  phospha t e  on the apo- 
enzyme  of moss oxal ic  acid oxidase,  in 3I/I 5 
mala t e  buffer pH  4.o. Otherwise  condi t ions  as 

in Fig. 2. 
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Particle size and chemical composition of the crystallites 
in bone and synthetic apatites 

The form and size of the  c rys ta l l i t e s  in bone has  been de t e rmined  by  severa l  methods .  F r o m  
the  b roaden ing  of the  reflect ions in the  h igh-angle  X- ray  dif f ract ion p a t t e r n s  i t  was  soon clear  t h a t  
the  par t i c les  were e longa ted  in the  d i rec t ion  of the  c-axis and  the i r  l ength  has  been measured  to  
2oo-29o A 1, 2,a,4. The w i d t h  is much  less and  canno t  be se t t l ed  wi th  any  accuracy  from l ine -b roaden ing  
measurements .  However ,  the  diffuse par t ic le  s ca t t e r  in the  low-angle  X- ray  region has  revea led  t h a t  
the  rod-shaped  c rys ta l l i t es  have  a l eng th  of 2 io - 22o  A and  a w id th  of 65 75 A5'% E lec t ron  mic roscopy  
of bone on the  o ther  hand,  has  shown t h a t  the  c rys ta l l i t e s  are t a b u l a r  w i th  d imens ions  of abou t  
35 ° × 4oo × 25-5o A 7. Ta bu l a r  crysta ls ,  on ly  a few u n i t  cells th ick,  h a v i n g  a large  ex tens ion  in 
two d imens ions  h a v e  been observed in some apa t i t e - l i ke  p rec ip i t a t e s  4,s, bu t  long needle-shaped  
crys ta l l i t es ,  a p p a r e n t l y  hexagona l  prisms,  are also found in such syn the t i c  samples  9. 

I t  is a we l l -known fact  t h a t  bone as well as p rec ip i t a t e s  in the  CaO-P2Os-H20-sys t em show 
a wide  v a r i a t i o n  in chemica l  compos i t ion  a l t hough  the i r  X - r a y  diffract ion p a t t e r n s  are ident ical .  
This  d i s c r epancy  has  been in t e rp re t ed  in var ious  ways  and severa l  types  of ca lc ium phospha te s  
h a v i n g  an a p a t i t e  s t r uc tu r e  and  molar  Ca to P- ra t ios  r a n g i n g  from 1. 3 to  2.o have  been proposed.  
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The  e x t r e m e l y  sma l l  c r y s t a l l i t e  
size (,f t he  b /me  s a l t  and  n los t  
p r e p a r a t i o n s  of s y n t h e t i c  a p a -  
t i t e s  SeelllS, howeve r ,  t() offer a 
s i m p l e  e x p l a n a t i o n  to  t he  va r i a -  
t i /m ill  c o n I p o s i t i o n  e l ) se rved .  
D e p e n d i n g  on t h e  c i r c u m s t a n c e s  
d u r i n g  t he  p r e c i p i t a t i o n  t i le  
su r f aces  of t i le  c r y s t a l I i t e s  c an  
end  up  in  d i f f e r en t  w a y s  and  
t i le  c o m p o s i t i o n  of t i le  su r f ace  
will ,  as  long  as  t he  c r y s t a l l i t e s  
a re  v e r y  Slllall, c o n t r i b u t e  con-  
s i d e r a b l y  to  t h e i r  ove ra l l  t o n i -  
pos i t i on .  The  su r f ace  of an 
h y d r o x y a p a t i t e  p~,rl icle m a y  
e i t h e r  be e l e c t r i c a l l y  n e u t r a l  or  
l ie f in i shed  w i t h  an  excess  of 
p o s i t i v e  or  n e g a t i v e  c h a r g e s  of 
Ca ~2of 1'O 4 a a n d  O t f  r e spec -  
t i v e l y .  T h e s e  c h a r g e s  c an  attract 
h y d r o n i u n /  and  h y d r o x y l  lol ls  
or () t i ler  ions  frtml the  s o l u t i o n  
in  o rde r  to  es ta l ) l i sh  e l ec t ro -  
n e u t r a l i t y .  I t  is e l ) s e rved  nl t h a t  
a p a t i t e - l i k e  p r e c i p i t a t e s  el)- 
r a i n e d  f rom s o l u t i o n s  c ( m t a i n i n g  
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an  excess  of p h o s p h a t e  a re  more  n e g a t i v e l y  c h a r g e d  t h a n  t h o s e  p r e c i p i t a t e d  f rom s o l u t i o n s  h a v i n g  
an excess  of ca lc iu l l l  ions.  

Vig. 1 g i \  es t i le  r e l t a i o n s h i p  h e t w e e n  t he  p a r t i c l e  s ize  a n d  t he  Ca to  P - r a t i o  w h e n  t h e  p a r t i c l e s  
a re  a s s u i n e d  e i t h e r  to  be r e g u l a r  h e x a g o n a l  p r i s m s  ( the  d i a m e t e r  of a t ) r i sm is t a k e n  as  t he  d i s t a n c e  
b e t w e e n  t w o  p a r a l l e l  su r faces )  b u t  w i t h  in f in i t e  l eng ths ,  or p l a t e s  w i t h  in f in i t e  e x t e n s i o n  in t w o  
d i m e n s i o n s .  T h i s  s i m p l i f i c a t i o n  is just i i ie /1 b y  t he  e x p e r i m e n t a l  d a t a  r e p o r t e d  a b o v e  a n d  t h e s e  
a s s u n i p t i o n s  g i v e  t he  m b d m a l  su r f ace  urea.  I t  is f u r t h e r  a s s u m e d  t h a t  e a c h  free u n i t  cel l  su r f ace  
can  c a r r y  an  excess  of ()lie, t w o  or t h r e e  Ca- ions  or  one  or two p h o s p h a t e  g roups .  The  h a t c h e d  a rea  
in t i le  t igure  cove r s  t i le  p a r t i c l e  s izes  of t h e  a p a t i t e  c r y s t a l l i t e s  in  b o n e  a n d  m o s t  s y n t h e t i c  p r e c i p i t a t e s  
as  t h e y  COlIlnlon[} a p p e a r .  I t  is i n i n i e d i a t e l y  c l ea r  t h a t  such  co l l o ida l  p a r t i c l e s  c a r r y i n g  an  excess  
of p , s i t i v e  or  n e g a t i v e  ions  ( o v e r s  t i l e  r a n g e  in c h e n i i c a l  c o m p o s i t i o n  o b s e r v e d  in a l l  p r e c i p i t a t e s  
g i v i n g  an  a p a t i t e  X - r a y  d i f f r ac t i (m p a t t e r n .  : \ t  h l rge r  p a r t i c l e  sizes,  w h i c h  do  n o t  e x i s t  ill bone,  
t h e  c o m p o s i t i o n  a p p r o a c h e s  t he  t h e o r e t i c a l  , a l u e  of h y d r o x y a p a t i t e  ( C a / P  = 1.067). Fo r  e x a m p l e ,  
a h e x a g ( m a l  p r i s l n  h a v i n g  a d i a l n e t e r  of 31oo A c a n n o t  d e v i a t e  in i t s  c a l c i u m  c o n t e n t  f rom t h a t  
of h y t l r o x y a p a t i t e  m o r e  t h a n  o.32 % e v e n  if each  e x p o s e d  u n i t  cel l  su r f ace  is a s s u m e d  to  c a r r y  
an  excess  of t h r e e  ¢a lc iu ln  ions.  l ; ro ln  t h e s e  c o n s i d e r a t i o n s  i t  is c l ea r  t ] l a t  c h e n i i c a l  a n a l y s e s  of l l t lne 
a n d  nIos t  s y n t h e t i c  a p a t i t e s  h a v e  a v e r y  r e s t r i c t e d  v a l u e  w h e n  i n t e r p r e t i n g  t h e i r  c r y s t a l l o g r a p h i c  
s t r u c t u r e  a n d  i t  is  n o t  n e c e s s a r y  to  a s s u m e  n e w  t y p e s  of a p a t i t e s  w h e t h e r  " d e f e c t "  or s u b s t i t u t e d  
in o r d e r  t() e x p l a i n  t h e  c h e m i c a l  c o m p o s i t i o n  and  p h y s i c a l  p r o p e r t i e s  of such  co l lo ida l  c a l c i u m  
p h o s p h a t e s .  
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