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Moss oxal ic  acid oxidase - -  A f lavoprote in  

After its discovery by H O U G E T ,  .MAYER AND PLANTEFOL 1, 2, moss oxalic acid oxidase has been 
studied by FRANKE el aZ. a,4 a n d  N I E E E R K - B L o I ~ I  5. However,  the nature  of this peculiar enzyme w a s  
not elucidated. FRANKE CI a/. '3, 4, o n  the bas is  of tile fact tha t  their enzyme solutions did not exhibit 
fluorescence, were critical of the idea tha t  the oxidase could be a flavoprotein. In the following, 
evidence will 1)e g i \en  which permits  tile conclusion tha t  this oxidase, contrary  to fgRANKE'S belief, 
is iudeed such a protein. The active group probably  is riboflavin or ribotlavii"~ phosphate  (lqavine 
mononucleoti(le, FMN), not  flavinc adenine dinucleotide (FAD). 

.\ dozen species belonging to the ]~*'yah's were tested and all of them were found to l)e act ive ,  
including two species normally growing in water  (namely, a t:o~zti~alis species and an unMentified 
aquatic moss). The material  was collected at wlrious locations in the State of \Vashington, in the 
spring of r955. The best  results were obtained with H3,locolni~tm sple~zdel*s, Ifhsqidiadelph ms- sqm,~'rosus 
and Hylocomiul~l [oreum. The thoroughly  cleaned moss, dried at 35 'C ,  was stored in the form of 
a powder  which kept i ts  activity for a hmg time. Even vigorous boiling of tile powder  in water  
for a [ 5 miimte period did not  destroy this activity. However,  it did change tile rest/iratory quot ient  
observed in the oxalate oxidation by tile powder in Warburg  vessels ; whereas tile nonheated powder 
exhibited an R.Q. definitely higher than  , and sometime approaching 4, the boiled t)owdcr shows 
one very close to -,. The explanat ion for this phenomenon,  forwarded by N I F K E R K - B L O M  5, is tha t  
tile oxalate decomposition in unheated moss or moss powder is due to the conll)ined activities of 
oxalic oxi(lase and catalase, as follows: 

1. (COOtt)2 t ()a ->eCO' .  , } H20, ., (oxidase)R.Q.  e 
II .  I{20, 2 ~ H oO t ~.', O 2 (catalase). 

(COOH)2 i ! e ( ) 2  - + 2 C O 2  t H 2 0  R.Q.  4 

Heat ing destroys tile catalase wi thout  appreciably damaging the oxidase, st) tha t  hydrogen peroxide 
will accumulate  and the R.Q. mus t  drop to -,. l"inal proof tha t  this concept is correct was given 
by tlne present  writers by " recons t ruc t ing"  tile system, out of boiled moss powder and crystalline 
beef  c a t a l a s e  (Fig.  i).  

iFig. I. Oxalate decomposition bv boiled moss powder  
and by boiled moss powder  with l/eel catalase. \ ¥a rburg  40 
experiment,  t empera ture  2o 'C .  Main compar tmen t :  
5 ° mg of boiled and dried moss powder, r.8 ml 3t/~ 5 
phosphate  buffer p H  5.o, o.8 ml water, o.2 ml solution ~20 
of crystalline beef catalase (or water). Side arm:  o.-' ml -~ 

oxalate pH 5.o. Center well : o. 2 ml water  or o.-" ml ~26 o 
K O H  solution. Plotted : oxygen-consumpt ion  and excess 
CO2-production over oxygen-consumpt ion.  The R.Q. 's  
derived fronl this graph, for a one hour  period, are 4 ~ 1C 
for the exper iment  with and -' for the exper iment  

wi thout  catalase. 
/ ~  , 
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The fact tha t  the enzyme shows hardly any KCN-sensit ivi ty and tha t  it produces hydrogen 
peroxide, can be interpreted as evidence for tile flavoprotein nature  of the enzyme. Better  ex idence 
w a s  obtained by  the present  writers by the use of a special, cell-free, water-clear solution prepared 
from moss extracts,  which contained the enzymic protein in a somewhat  purified form. This lluid 
alone did not show great  activity when allowed to act on oxalic acid, lint it could be s t imulated 
very markedly fly additions of riboflavin or riboflavin phost)hate (Figs. 2 and 3); flavine adenine 
dinucleotide gave only slight st imulation.  In control experiments,  the flavin compouuds  alone 
(without the protein fraction obtained from moss) gave a negligible oxidation of the oxalic acid. 
Equimolecular  concentrat ions  of riboflavin and riboflavin phospha te  gave the saine degree of 
activation (Fig. 3). Since this happened even when strongly dialyzed enzyzne was used in a malate 
buffer, the possibility tha t  the riboflavin is phosphoryla ted  seems remote. Also, additions of sodium 
arsenate did not  have any inhibiting effect on the  activation of the protein fraction by riboflavin. 
This point  and the possible role of the enzyme in the metabolism of the moss plant,  form the subject 
of continued investigations. 

The writers are indebted to I)r. 1". M. HUENNKKENS of tile Biochemistry Depart inent ,  University 
of \ \ :ashington for a gift of FAD and to Mr. R. L. ZIMMER for collecting a large quan t i ty  of H),lo- 
comium sple~de~s. The work would not have been possible wi thout  the equipment  supplied by the  
Ini t iat ive 171 funds of the University of Washington.  



VOL. 17 (I955) 

200 

vln 
100 0 FhlN 

I I I I 

"I 2 Flavin 3dded 4 (xqO-ahfl 

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.  


