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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seems no longer valid.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,'. 
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As for t he  acid p h o s p h a t a s e s  PERLMANN has  d e m o n s t r a t e d  the  P - N  sp l i t t ing  abil i t ies of p o t a t o  
and  in t e s t ina l  p h o s p h a t a s e .  T rans fe ra se  and  hyd ro ly t i c  a c t i v i t y  of c rude  semina l  p l a s m a  us ing  
c r e a t i n e p h o s p h a t e  as s u b s t r a t e  h a s  been  d e m o n s t r a t e d  by  GREEN AND MEYERHO~ and  conf i rmed 
by  MORTON 7 wi th  par t ia l ly  purif ied h u m a n  pros ta t i c  phospha t a se .  I n  con t r ad i s t inc t ion  to these  
resu l t s  on acid p h o s p h a t a s e s  s t a n d  the  f indings of PERLMANN 6. Us ing  a purified p repa ra t ion  of 
p ros t a t e  p h o s p h a t a s e  she found  no hydro lys i s  of N- (p-ehlorophenyl)  amido  p h o s p h a t e  and  only  
a s l ight  sp l i t t ing  of N-phosphory l -DL-pheny la lan ine  m e t h y l  ester .  Likewise,  ANAGNOSTOPOULOS et al. s 
found  prac t ica l ly  no sp l i t t ing  of an i l idophospha te .  

Since p ros t a t e  p h o s p h a t a s e  ha s  been  used to charac te r ize  t he  n a t u r e  of the  p h o s p h a t e  l inkage 
in proteinsS,9,1°, n~12 it  s eems  desirable  to inves t iga te  t he  a m b i g u i t y  in the  d e m o n s t r a t i o n  of i ts  
p h o s p h a m i d a s e  ac t iv i ty .  Therefore ,  the  following obse rva t ions  on purif ied h u m a n  semina l  p h o s p h a -  

" ' * . t tase  wi th  a m l d o - p h o s p h a t e  (NaHPO.~NH2) as s u b s t r a t e  are p resen  ed. 
The  e n z y m e  was  p repa red  and  k i nd l y  g iven  b y  Dr.  FRANK LUNDQUIST**. I t  Consists of the  

dia lyzed prec ip i ta te  fo rmed  be tween  4 ° and  7 ° % s a t u r a t i o n  w i th  a m m o n i u m  sulfate ,  a t  o ° C in h u m a n  
semina l  p l a s m a  ace t a t e  buffered a t  p H  5. T he  p h o s p h a t a s e  ac t iv i ty  of such  p repa ra t i ons  is a b o u t  

54oo G u t m a n  un i t s  per  ml ;  in spi te  of t he  pur i f ica t ion  t h e y  still d i sp lay  s l ight  p ro teo ly t ic  ac t iv i ty  13. 
The  cleavage of a m i d o p h o s p h a t e  wh ich  is acid c o n s u m i n g  was  followed b y  m e a n s  of a p H - s t a t  14, 

in a m e d i u m  con t a in ing  o. 5 M KC1, 25 ° C. T he  s u b s t r a t e  (pK 3 = 7.95; 25 ° C, o. 5 M KC1 (15)) shows  
a r a t he r  h igh  autohydrolysis, t he  first order  kinet ic  c o n s t a n t  be ing  o.o236 h - K  (log10), 0.5 KC1, 
25 ° C (ROSENBERO'S TM more  accura te  d e t e r m i n a t i o n  gives 0.o234 h- l ) ,  in t he  p H  in te rva l  4 to 6.5. 
Below p H  4 acid ca ta lys i s  sets  in 15, while f rom p H  6. 5 t he  r a t e  fails off a long an  S-shaped  curve  
reach ing  zero a t  p H  9.5. 

The  e n z y m e - c a t a l y z e d  react ion,  o. 5 M KC1, 25 ° C, 1.6. IO -2 M a m i d o p h o s p h a t e ,  followed a lmos t  
the  first order  kinet ic  s cheme  wi t h  a p H - o p t i m u m  a t  6. 7. 

I n  order  to p r e v e n t  difficulties w i t h  CO 2 and  e n z y m e  inac t iva t ion  TM, m o s t  of t he  e x p e r i m e n t s  
h a v e  been  carr ied ou t  a t  p H  4.6. U n d e r  these  condi t ions  an  a lmos t  l inear  re la t ionship  be tween  
e n z y m e  concen t r a t i on  and  ac t iv i ty  was  found.  

The  Michae l i s -Menten  c o n s t a n t  was  found  to  be i .  io -8 M a m i d o p h o s p h a t e  (initial ra te ,  Line-  
w e a v e r - B u r k  plot).  Th i s  is no tab le  s ince t he  co r respond ing  va lues  for m o n o p h e n y l  p h o s p h a t e  h a v e  
been  found  by  LUNDQUIST l: to be o .892 .1o  -3 M,  25 ° C, p H  6.o, # = o.I 5 a n d  b y  SCHONHEVD~R TM 

to be o.9o6" IO -3 M,  22 ° C, p H  5.6, tt = o.3 (2O/o NaC1). 
The  ac t i v i t y  a t  p H  4.6 is no t  s igni f icant ly  inh ib i t ed  b y  one of the  reac t ion  p roduc t s ,  NH4+ 

(o.I M), b u t  m e a s u r a b l y  so by  the  o the r  p roduc t ,  phospha t e .  
On  the  (not  proven)  a s s u m p t i o n  t h a t  th i s  inh ib i t ion  is compet i t ive ,  the  dissociat ion c o n s t a n t  

for the  e n z y m e - p h o s p h a t e  complex  can  be ca lcu la ted  to be 2. io -a M.  This  is s o m e w h a t  h igher  t h a n  
found  by  SCHONHEVD~R TM, I. 4" IO -~ M,  22 ° C, p H  5.6, t t = o.3 (2 % NaC1). S t rong  inh ib i t ion  of t h e  
reac t ion  wi th  KF ,  lO -3 M,  p H  4.6 was obse rved  b u t  found  no t  to be i n s t an t aneous .  At  p H  8.6 t he  
inh ib i t ion  seemed  to be m u c h  smaller .  The  following s u b s t a n c e s  h a d  no s ignif icant  ac t ion  on t he  
p h o s p h a m i d a s e  ac t i v i t y  a t  p H  4.6: BeSO 4 (5" I ° -4  M),  CoC12 (5" l ° -4  M),  Versene  (1. 4- IO -2/~I), 
ascorba te  (2.8. IO -~ M).  

A compar i son  of the  ac t i v i t y  (expressed in mil l imols  s u b s t r a t e  spli t  per  minu te )  of th i s  e n z y m e  
m e a s u r e d  as a p h o s p h a t a s e  ad modum LUNDQUIST TM, (4.55" 10-3 M m o n o p h e n y l p h o s p h a t e ,  b u t  a t  
p H  5.2 a n d  correc ted  to p H - o p t i m u m  a n d  25 ° C), w i th  t he  ac t iv i ty  m e a s u r e d  as a p h o s p h a m i d a s e  
(corrected to p H - o p t i m u m  and  4.55" lO-Z M ami dophospha t e )  gives P - N - a s e / P - O - n a s e  = 1.3. Th i s  
resul t  is on ly  to be t a k e n  as an  order  of m a g n i t u d e ,  because  a compar i son  is no t  s t r ic t ly  permiss ib le  
due  to  e.g. differences in e n z y m e  di lu t ion  procedure ,  presence  of c i t ra te  in one case only,  a n d  so on.  

Free  a n d  pape r  e lec t rophores is  of two different  e n z y m e  p repa ra t i ons  gave  th ree  m a i n  peaks ,  
t he  g rea t e r  p a r t  of t he  ac t iv i ty  be ing  a c c u m u l a t e d  in t he  middle  peak,  n a m e d  B. A t  o.5 ° C, p h o s p h a t e  
buffer  tt = o.I ,  p H  6.5, the  mobi l i ty  of peak  B in free e lec t rophores is  was  a b o u t - -  3" IO-5 cm3, 
vol t  -1, sec - I  (ascending  l imb).  Th i s  is s o m e w h a t  different  f rom the  va lue  - - I .  IO -5 cm 3, vol t  -1, sec -1 
(descending  l imb),  p H  6. 5, tt = o.o 5 found  by  DEROW AND DAVISON ~0 and  f rom KUTSCHER AND 
PANY'S ~1 va lue  - - I O .  IO - s  cm  3, vol t  -1, sec -1 in IO -~ M c i t ra te  buffer.  As seen in Tab les  I and  I I  
the  ra t io  P - N - a s e / P - O - a s e  is prac t ica l ly  c o n s t a n t  in t he  e lec t rophoret ic  f rac t ions  and  the  u n t r e a t e d  
enzymes .  

The  e n z y m e  was  found to  act  as a t r ans fe ra se  w i t h  a m i d o p h o s p h a t e  as donor  and  glycerol  as 
an  acceptor ,  p H  4.6, 25 ° C. 

As a l r eady  m e n t i o n e d  t he  e n z y m e  p repa ra t ion  shows  pro teo ly t i c  ac t iv i ty .  HOLTER AND L122 
h a v e  found  p h o s p h a m i d a s e  a c t i v i t y  in pepsin ,  t r yps i n  and  rennin ,  p H - o p t i m u m  4.6, 37 ° C, wi th  
p -ch lo ro -an i l idophospha te  as s u b s t r a t e ;  therefore  r enn i n  (BERRIDGE 23 cryst .) ,  p H  4.6, peps in  (porcine, 
c rys t .  Armour ) ,  p H  4.6 and  subt i l i s in  (cryst .  GONTELBERG AND OTTESEN 24) p H  4.6 a n d  8.6, were 
t e s t ed  for p h o s p h a m i d a s e  ac t i v i t y  w i t h  a m i d o p h o s p h a t e  as subs t r a t e ,  b u t  w i th  nega t ive  resul t .  

* A gif t  f r om Dr.  THOMAS ROSE~ERG, Nord i sk  Insu l in  L a b o r a t o r i u m ,  Gentof te ,  D e n m a r k .  
** I n s t i t u t e  of Forens ic  Medicine,  U n i v e r s i t y  of Copenhagen .  
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The main results of the present  s tudy  make it highly probable  tha t  seminal phosphomono-  
esterase and phosphamidase  are identical, a finding well in accordance wi th  KOSHLAND'S 25 theoretical 
considerations. 

T A B L E  [ 

FREE ELECTROPHORESIS OF 9 . 5 8 8  ml DIALYZED FNZYME PREP. 3 a 

Phosphamidase Phosphatase Ratio Total 
Fraction act. per ml act. per ml Phosphamidase Phospkatase 

arbitrary units arbitrary units Phosphatase act. 

(I) ascending l imb 0.42 0.055 7.6 0.20 
(2) ascending limb 6~. i 9.0 6.8 32.0 
(3) bo t t om 82. 5 t 2.3 6.7 3o.5 
(4) descending limb 84.0 12.8 6.6 45.6 
(5) descending l imb 25. 9 3.8 6.8 13.2 

sum:  121. 5 
Prepara t ion  (3a) 86. 3 13.2 6. 5 126.6 

dialyzed 9.588 ml 

Exp. Buffer pft Volt Time 
No. per cm rain 

IV 

V I I I  

b~ 

T A B L E  I I  

B - peak Phosphatase activity recovered 

Per cent 
"~i ~ Distributionp . . . . . .  t olinitial 

~ .~. ~ ~ ' ~  act. 

~ ~ peak peak peak A + 
A B C B +  

C 

phospha te  7.08 9.16 248 1.26 o.1943 6. 5 

veronal  
acetate 7.06 3.97 74 ° G.4oo 0.0665 0.o 
sulfate 

I 97 2.8 71% 
6.5 

I 9 8 1. 7 24%* 

* Bad recovery in this case probably  due par t ly  to na ture  of buffer, par t ly  to exclusion of the 
paper  areas corresponding to the zones of overlapping fractions. In  spite of this enzyme loss the 
act ivi ty distr ibut ion is the same as in the other  experiment.  

Fu r the r  invest igations are in progress. A more detailed publicat ion will appear  in Compl. rend. 
tray. lab. Carlsberg. 

To Dr. FRANK LUNDQUIST and Dr. THOMAS ROSENBERG I am indebted for m a n y  helpful sug- 
gestions. 

1 also want  to t hank  Dr. H. HOLTER and Professor K. U. LINDERSTROM-LANG for suggesting 
the problem and especially for very valuable advice and discussions. 

K. MAX MOLLER 
Carlsberg Laboratory, Copenhagen (Denmark) 
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A new cofactor in the conversion of serine to glycine 

Cell-free ex t r ac t s  of an  unident i f ied  Clostridium, s t ra in  H F  1, ca ta lyze  t he  n e t  p roduc t ion  of 
glycine f rom serine. The  fate of t he  f l -carbon of serine ha s  no t  ye t  been  de te rmined .  U p o n  ex t ens ive  
dia lys is  of the  ex t rac t s ,  glycine p roduc t ion  shows  a clear dependence  on D P N ,  Mn ++ and  py r idoxa l  
p h o s p h a t e  (see E x p e r i m e n t  I). Fol lowing t r e a t m e n t  wi th  Dowex  i HC1 a n d  s u b s e q u e n t  ove rn igh t  
dialysis ,  t h e  s y s t e m  can  no longer  be r eac t i va t ed  by  these  th ree  cofactors .  A fou r th  factor  ob ta ined  
f rom boiled ex t r ac t s  of Clostridium cylindrosporum is requi red  in add i t ion ;  it  shal l  be referred to 
as Co C. E x p e r i m e n t  I I  d e m o n s t r a t e s  t h a t  Co C is essent ial ,  and  t h a t  i ts  presence  does no t  abol ish 
the  r e q u i r e m e n t s  for D P N ,  Mn ++ and  py r idoxa l  p h o s p h a t e .  

Co C is no t  ident ica l  w i th  a n y  of t he  folic acid der iva t ives  found  ac t ive  in t he  s y s t e m s  of SAKA~tI z 
a n d  BLAKLEY s. E x p e r i m e n t  II  d e m o n s t r a t e s  t h a t  in th i s  s y s t e m  folic acid a n d  a n h y d r o l e u c o v e r i n  
are inert ,  b u t  t h a t  c i t r o v o r u m  factor  (C F) and  t e t r ahydrofo l i c  acid (th]) h a v e  an  effect. I n  con t r a s t  
to Co C, wh ich  is ac t ive  a t  ca t a ly t i c  levels*, good ac t i v i t y  is ob ta ined  wi th  C F and  th[ only  a t  
s u b s t r a t e  concen t ra t ions .  F u r t h e r m o r e ,  D P N  is no t  requi red  when  these  c o m p o u n d s  are used,  
( inhibi t ion by  D P N  is u sua l ly  observed)  whereas  D P N  is requi red  for ac t iv i ty  wi th  Co C. A n o t h e r  
basis  for d i s t i ngu i sh ing  Co C f rom C F and  th[ is t h a t  s a t u r a t i o n  curves  reveal  t h a t  C F can  neve r  
give as good ac t iv i ty  as Co C, and  t h a t  th[ can  a t  s u b s t r a t e  concen t r a t i ons  give be t t e r  a c t i v i t y  (perhaps  
as a s to ich iomet r ic  acceptor  for the  one ca rbon  piece). Co C is no t  a t t a c k e d  by  p o t a t o  nucleot ide  
p y r o p h o s p h a t a s e .  I t  is abso rbed  a t  low p H  on Nori te ,  and  can  be r e m o v e d  b y  a m m o n i a c a l  E T O H ;  
it  is s table  to  boi l ing in di lute  alkali  (o o 5 N) a n d  is des t royed  u n d e r  s imi lar  condi t ions  in di lute  acid. 
Co C can  be d i s t ingu i shed  c h r o m a t o g r a p h i c a l l y  f rom folic acid, C F, anhydro leucove r in ,  and  th]; 
it  h a s  r epea t ed ly  been recovered f rom a f luorescent  spo t  on pape r  c h r o m a t o g r a m s  in va r ious  so lven t  
sy s t ems .  

Experiment I 

The  a s s a y  m i x t u r e  con ta ins  the  following s u b s t a n c e s  in a t o t a l  v o l u m e  of o.6 ml  : 2o.o/~M DL-serine* *, 
o.o2 /zM DPN,  2.o ktM MnS04,  o.o2 # M  pyr idoxa l  p h o s p h a t e ,  o.o 4 ml  M K - p h o s p h a t e  buffer  p H  6. 5, 
and  o.2 ml  of an  e n z y m e  p repa ra t i on  (2o m g  pro te in /ml)  which  was  d ia lyzed  43 hou r s  aga ins t  o .oi  M 
p h o s p h a t e  buffer  p H  7.2. T he  samples  were i n c u b a t e d  2 hou r s  a t  28 ° C. The  cont ro l  va lue  in the  

absence  of serine ( =  o.o46/~M) is s u b t r a c t e d  f rom each  e x p e r i m e n t a l  va lue  given.  

Sample Omitted ]rom assay mix l~M glycine ]ormedt 

I - -  o.314 
2 D P N  0.078 
3 Mn++ O.lO8 
4 py r idoxa l  p h o s p h a t e  o. 134 

* The  m o s t  h igh ly  purif ied p r epa ra t i on  of Co C ob ta ined  t h u s  far  by  charcoa l  a n d  pape r  c h r o m a t o -  
g r a p h y  ha s  a n  abso rp t ion  peak  a t  275-28o m~.  A s s u m i n g  t h a t  t he  molecu la r  ex t inc t ion  coefficient 
is t he  s ame  as t h a t  for the  folic acid der iva t ives  (e28o(max) = I8,OOO-26,ooo) U V  abso rp t ion  a t  28o m/~ 
indica tes  t h a t  Co C is ac t ive  a t  less t h a n  o.oi  the  concen t r a t i on  of t he  glycine formed.  


