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Apatite crystallites in bone 
The characteristics of the wide-angle X-ray  reflections from the inorganic component  of compact  
adul t  bone suggest  t ha t  this component  is present  in the form of very small crystallites which 
are markedly  elongated in the direction of the crystallographic c-axis. Calculations from line- 
width measurements  give the order of size of the crystallites as up to a few hundred Angs t roms 
and a more specific est imate of the length of the long axis from considerations of c-axis reflections 
alone gives a value of about  2oo A 1. Exper iments  with synthet ic  apat i tes  show tha t  crystallites 
of these dimensions produce an intense low-angle X-ray  scatter. 

Studies of the cont inuous low-angle scat ter  from intact  bone have indicated the presence 
in the sys tem of s trongly scattering units  measuring approximate ly  2o0 A × 4 ° to 7o A2,L Such 
units  persist,  and scatter  even more strongly, after the removal  of the organic components  from 
the bone. When  the specimen is heated to high temperatures ,  the size of these scattering units  
appears  to increase, and it is also observed t h a t  the definition of the wide-angle reflections is 
markedly improved,  thus  indicating a probable increase in the size of the apat i te  crystallites. 
In  embryonic  bone ~ it has been observed tha t  the initial apat i te  wide-angle diffraction pa t te rn  
does not  show any  preferred orientat ion (i.e. crystallites not well-oriented), bu t  the collagen 
diffraction pa t t e rn  is highly oriented. The diffuse low-angle scat ter  from these specimens shows 
no orientation. 

Thus  on the grounds of X-ray  diffraction da ta  alone one can conclude tha t  the wide-angle 
reflections and at  least a pa r t  of the low-angle scat ter  probably  arise from apat i te  crystallites. 
As the low-angle scat ter  can be in terpre ted  in t e rms  ot a single set of particles of uniform shape 
and size and similar orientation, we suggest  t ha t  the scat ter  arises mainly from the apat i te  crystal- 
lites, and tha t  scat ter  from other  particles mus t  either be relatively weak or be of a form similar 
to t ha t  from the apatite.  The s tudy  of the low-angle scat ter  from collagen 5 suggests tha t  this 
too contains scattering uni ts  of a similar form and probably  relatively weak. We consider this 
work to suppor t  our  earlier content ion t ha t  there is some close relationship between the organi- 
sat ion of the apat i te  crystallites and the s t ructure  of collagenL 

I t  is to be hoped tha t  the complete picture will eventually be revealed by the electron 
microscope, bu t  the results so far obtained have been inconclusive. 

The recent comments  by  CAGLIOTI et al .  7 on our conclusions regarding the low-angle scatter  
f rom bone emphasise the difficulties encountered in correlating the information obtained from 
various types  of s tudy  bu t  contr ibute  little towards  resolving these difficulties. The idea tha t  
the low-angle scat ter  comes mainly f rom holes filled wi th  ossein ignores the independent  evidence 
for the presence of s trongly scattering apat i te  crystallites. 
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Pyridine nucleotide-dependent reduction of the a-keto acid 
analogue of lysine to c-pipecolic acid* 

Conversion of lysine to pipecolic acid has been demonst ra ted  by tracer studies in plants  z, 2,3 and 
in the intact  rat  4. Tha t  the a-keto acid analogue of lysine may  be an intermediate in this conversion 
is consistent with (a) the observat ion tha t  the a-amino group ra ther  than  the e-amino group of 

* This work  was suppor ted  in pa r t  by a research gran t  from the National  Hear t  Ins t i tu te ,  
National  Ins t i tu tes  of Health,  Public Heal th  Service, and by  a grant  from E. I. du Pont  de Nemours  
and Company.  

Abbreviat ions:  DPN,  diphosphopyridine nucleotide; TPN, t r iphosphopyr id ine  nucleotide. 
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lysine is lost dur ing  convers ion  of lysine to pipecolic acid in the  r a t  4, and  (b) t he  f inding t h a t  
t he  a -ke to  acid ana logue  of lysine, recent ly  p repared  in th i s  l abora to ry  5, exis ts  in solut ion in 
equi l ib r ium be tween  open-cha in  (a-ke to-e-aminocaproic  acid) and  cyclic (Al-piper idine-2-carbox - 
ylic acid) forms.  I t  h a s  also been found  t h a t  lysine is oxidized to i ts  a -ke to  acid ana logue  by  
L-amino acid oxidase  5, and  the re  is isotopic evidence for the  convers ion  of t he  p roduc t  of such  
ox ida t ion  to lysine a n d  to pipecolic acid in vivo in Neurospora e. 

W e  now repor t  the  optically-specific pyr id ine  nuc leo t ide -dependen t  reduc t ion  of the  a -ke to  
acid ana logue  of lysine to L-pipecolic acid ca ta lyzed  by  an  e n z y m e  p resen t  in ra t  and  rabb i t  liver. 
This  e n z y m e  sys t em,  which  ha s  been purified a p p r o x i m a t e l y  25-fold f rom ra t  liver by  m e a n s  of 
differential  cent r i fuga t ion ,  a m m o n i u m  sul fa te  f rac t ionat ion ,  and  t r e a t m e n t  wi th  ca lc ium phos-  
p h a t e  gel, ca ta lyzes  t he  following reac t ion:  

j C H 2 - ~  j C H 2 ~  
CH 2 CH 2 CH 2 CH 2 
I I + D P N H  or T P N H  + H + ---> I I + D P N  + or T P N  + 
CH 2 C - C O O H  CH 2 C H - C O O H  

The  reac t ion  ha s  been followed by  q u a n t i t a t i v e  de t e rmi na t i on  of the  pipecolie acid fo rmed  7 and  
by  obse rva t ion  of the  decrease in the  charac ter i s t ic  absorp t ion  band  of reduced  coenzyme  a t  
34 ° m/~ (Fig. i). The  reac t ion  goes to g rea te r  t h a n  90 % of complet ion,  and  proceeds  m o s t  rap id ly  
(in o . i M  p o t a s s i u m  p h o s p h a t e  buffers,  p H  6.0-8. 5, 26% a t  p H  6.0. The  enzymica l ly - fo rmed  
pipecolic acid was isolated as the  hydroch lor ide  a t  the  end  of the  reaction,  and  was  identif ied 
by  c o - c h r o m a t o g r a p h y  wi th  a syn the t i c  sample  of pipecolic acid. The  enzymica l ly - fo rmed  p roduc t  
was no t  oxidized by  purified k idney  D-amino acid oxidase  unde r  condi t ions  whe reby  DL-pipecolic 
acid was  oxidized, ind ica t ing  t h a t  the  p roduc t  is L-pipecolic acid. T P N H  prepared  by  reduc t ion  
of T P N  wi th  isocitric dehydrogenase  is also act ive  in the  pipecolic ac id- forming  sys t em.  The  
e n z y m e  p repa ra t ion  (with D P N H  or T P N H )  also ca ta lyzes  reduc t ion  of t he  n e x t  lower homologue  
of Al-piper id ine-2-carboxyl ic  acid (i.e., Al-pyrro l ine-2-carboxyl ic  acid) and  of ZIl-pyrroline-5 - 
carboxyl ic  acid to proline. R educ t i on  of zJl-pyrroline - 
5-carboxylic  acid to proline in t he  presence of T P N H  
or D P N H  by  Neurospora ex t r ac t s  s a n d  in the  pres-  
ence of D P N H  by  liver p repa ra t ions  g ha s  been re- 
por ted .  The  ques t ion  as to whe t he r  t he  s ame  e n z y m e  
ca ta lyzes  reduc t ion  of the  piperidine and  to the  two 
isomeric  pyrro l ine  c o m p o u n d s  m u s t  awai t  fu r the r  
pur i f icat ion and  s t u d y  of the  enzyme.  

Fig. I. R e d u c t i o n  of Al-piper id ine-2-carboxyl ic  acid 
to L-pipecolic acid. Reac t ion  m i x t u r e s  cons is ted  in- 
i t ial ly of A l -p iper id ine-2-carboxyl ic  acid (o. i /zmole) ,  
D P N H  (o.I /zmole), r a t  l iver e n z y m e  p repa ra t i on  
(2oo T) in a final vo l ume  of 0.05 ml  of 0.08 M 
p o t a s s i u m  p h o s p h a t e  buffer  (pH 6.0) : 26 °. The  re- 
ac t ion  m i x t u r e s  were ana lysed  for pipecolic acid 1, or, 
a f te r  di lut ion wi th  I ml  of water ,  for D P N H  (absorp-  

t ion a t  34 ° m t t ) .  MINUTES 
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