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On the organisation of collagen fibrils in bone 

:\n a l t e rna t ive  s t ruc tu re  for the  t f avers ian  Sys tems  in bone is sugges ted  by observa t ions  (~f 
decalcified sect ions nf bone under  the  polar is ing microscot)e, a t yp ica l  section being shown in I:igs. 
and 2. 

The appea rance  of sect ions of compac t  bone cut  pe rpend icu la r  to the length  of t i le l ] ave r s i an  
Sys tems  closely resembles  t h a t  of spheru l i t es  formed by  cer ta in  ar t i f icial  polymers .  The ex t inc t ion  
p a t t e r n s  of these  spheru l i t es  can be exp la ined  1 if t i le  d i rect ion of the m a x i m u m  ref rac t ive  index  winds 
in a hel ix  wi th  i ts  ax is  d i rec ted  r ad ia l ly  from ti le  centre  of the spherul i te .  Spherul i tes  wi th  helical 
angles from o degrees to 9o degrees have  been ob ta ined :  those wi th  smal l  helical angles show con- 
centr ic  b i re f r ingent  and  isotropic  r ings and a dark  ex t inc t ion  cross be tween crossed nicnls. 

The birefr ingence in sect ions of decalcified bone is ma in ly  pos i t ive  form bireff ingence and not 
in t r ins ic  b i refr ingence of the collagen. This  is due to the presence of submicroscopic  rodlet-shat)ed 
spaces p rev ious ly  occupied by  the  inorganic  h y d r o x y a p a t i t e  crysta ls ,  which have been shox~n by 
tTINEAN AND ENGS'rROM e to have  the i r  long axes  para l le l  to the {)4 ° .\ spacing of tile collagen molecules. 
The d i rec t ion  of the m a x i m u m  ref rac t ive  index is consequen t ly  para l le l  to  the collagen molecules an(l 

also to the fibrils. In view of the 
resemblance  be tween sl)heruli tes 
and Havers ian  Sys tems  between 
crossed nicols i t  is sugges ted  t h a t  
the direct ion of the collagen fibrils 
winds in a helix of smal l  helical 
angle wi th  its axis  d i rected rad ia l lv  
from the cent ra l  canal.  This struc- 
ture  expla ins  fu r ther  observa t ions  
(Fig. 3) of the ex t inc t ion  pa t t e rn  
such as the uniform change in bire- 
fringence across the b l re f r ingent  
rings, and also the change in direc- 
t ion of the birefr ingence in ti le p lane  
of the  section. This  l a t t e r  can be 
ob ta ined  from the  d i rec t ion  of the 
clark l ines which cross the bire- 
f r ingent  r ings to form the ex t inc t ion  
cross. The genera l ly  accepted  con- 
cept  of the fibrils forming helices 
concentr ic  with the cent ra l  canal,  
where  each b i re f r ingent  and iso- 
t ropic  r ing corresponds  to a sepa- 
ra te  helix a, does not  account  for the  

Fig. l .  A t yp i ca l  field in a sect ion 
of decalcified bone cut  perpendi-  
cular  to  the  l eng th  of the Have r s i an  
Systems,  Magnif icat ion × 0o. Stai-  
ned wi th  H a e m a t o x i l i n ,  PMoxine 

and Tar t r az ine  

Fig. 2. Same field as Fig. ~ but  with 
Polars  crossed 
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observations.  In order to do so it is nec.~essary to postulate a very large number  of helices with tilt' 
helical angle increasing continuously in successive helices. There is. however, no fur ther  evidenct, 
for such a structure.  

Fig. 3. Single Havers ian System in unstained section with Polars crossed showing birefringent and 
isotropic rings and the dark extinction cross 

In Havers ian Systems tile variation in direction of the fibrils suggested by the s t ruc ture  ()1 
pherulites is suppor ted  by the similarity in chemical s t ructure  of collagen and the artificial p o l y m e r s  
They are all long chain nlolecles, while nylon, one of the polymers  studied by KELLF.R, and collagen 
are polypeptides. Fur thermore ,  the formation of Havers ian Systems takes place slowly in tile p r imary  
bone which has bc'en previously laid down and in this respect resembles 1 the formation of spherulites 
which are obtained when the polymer is kept  at a tempera ture  a few degrees below its softening 
point. Moreover, sph,_'rulites of inorganic salts such as bar ium carbonate  are only obtained if the rate 
of crystallisation is slow, as for instance by allowing a solution of bar ium chloride to diffuse into a 
gel containing dissolved sodium carbonate.  

This s t ructure  offers a s t ra ightforward explanat ion for tht~ existence of Haversian Svstenls in 
bone as being a form of crystallisation of collagen analogous to ttle formation 11f spheru[ites frr/m 
artificial polymers. 
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On the phosphamidase activity of human seminal phosphate 
The idea tha t  the phosphamidases  form a group of enzymes distinct from tile phosphatases l ,  ~ 

seems no longer valid. Tbere do exist perhaps  specific phosphamidases  tha t  do not  a t tack the P N 
compounds  and specific phosphamidases  tha t  do not  a t tack the P -O  compounds  analogous to their 
own substrates,  but  so far in all cases where the so-called unspecific phospho-mono-esterases  llave 
been investigated carefully, they have also displayed phosphamidase  activity. 

Preparat ions of alkaline phosphatases ,  more or less purified, have been shown to catalyze the 
hydrolysis  of 1 ~ N compounds  a,4,'~,6.v and also to catalyze the t ransfer  of phosphate  from a l ) N 
donor to certain accepters ~,5,'. 


