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Table III. Solubility measurements 
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Suspension Solid: solution pH Solubility (ppm solution) Ca: P pK sp of 
identification ratio Ca P mole ratio hydroxy- 

g/1 of dissolution apatite* 

LRS 0.36 7.34 4.05 1.46 2.10 111.0 
LRS 0.71 7.39 4.55 1.39 2.58 110.1 
NBS 0.36 7.15 2.65 1.06 1.94 115.6 
NBS 0.71 7.14 3.00 1.26 1.85 114.8 
LRS + HaPO 4 1.0 6.55 8.10 7.95 113.0 
LRS + HaPO 4 1.0 6.26 13.54 16.66 112.8 
NBS + H3PO ~ 1.0 6.23 7.66 9.47 117.0 
NBS -I- HaPO a 1.0 5.88 13.10 18.04 117.9 

Calculated according to CHAVERRI and BLACK 11. 

g r ea t e r  C a : P  r a t i o s  in  t h e  so lu t ion  t h a n  in  t h e  sol id  
sugges t  t h a t  t h e  excess  c a l c i um  in  t h e  sol id was  g r e a t e s t  
on  or  nea r  t h e  surface  of t h e  h y d r o x y a p a t i t e  c r y s t a l s : : .  

Isoionic exchange. The  resu l t s  of t h e  isoionic e x c h a n g e  
d e t e r m i n a t i o n s  are  g iven  in F igu re  3 in  w h i c h  t h e  loga- 
r i t h m  of p e r c e n t a g e  82p r e m a i n i n g  in  so lu t ion  is p l o t t e d  
as a f u n c t i o n  of t h e  l o g a r i t h m  of t ime.  

I n  t h e  case of N B S  h y d r o x y a p a t i t e ,  on ly  one  l inea r  
r e l a t i onsh ip  b e t w e e n  log 8 ,p  in  so lu t ion  a n d  log t i m e  
was  o b s e r v e d  d u r i n g  t h e  e x p e r i m e n t a l  pe r iod  of 90 h. 
T h e  n e g a t i v e  s lope of t h i s  r e l a t i o n s h i p  was  0.027 a n d  
0.019 r e spec t ive ly  for  0.5 a n d  0.25 g h y d r o x y a p a t i t e  p e r  
700 m l  of so lu t ion .  I n  t h e  case of t h e  L R S  h y d r o x y -  
apa t i t e ,  two  l i nea r  r e l a t i o n s h i p s  were  o b s e r v e d  in  t h e  
s ame  period.  The  n e g a t i v e  s lopes of these  were  0.127 (I), 
0.076 (II)  a n d  0.108 (I), 0.053 (II)  r e spec t ive ly  for  0.5 
a n d  0.25 g h y d r o x y a p a t i t e  pe r  700 m l  so lu t ion .  Thus ,  
on ly  one  r eac t i on  m e c h a n i s m  seems to  be  i n v o l v e d  in t h e  
e x c h a n g e  of p h o s p h a t e  ions  b e t w e e n  t h e  N B S  h y d r o x y -  
a p a t i t e  a n d  t h e  b a t h i n g  so lu t ion  whi le  t w o  r eac t i on  
m e c h a n i s m s  a p p e a r  to  be  o p e r a t i n g  in t h e  case  of t h e  
L R S  h y d r o x y a p a t i t e .  

' S u r f a c e - e x c h a n g e a b l e  P '  c a l c u l a t e d  acco rd ing  to  OL- 
SEN e was  8.25 a n d  8.40 m g  P i g  r e s pec t i ve l y  for  0.5 a n d  
0.25 g/700 m l  suspens ions  of  L R S  h y d r o x y a p a t i t e  a n d  
0.80 a n d  0.83 m g  P / g  for  s imi l a r  suspens ions  of t h e  N B S  
h y d r o x y a p a t i t e .  T h e  L R S  h y d r o x y a p a t i t e  a p p e a r e d  to  
h a v e  a b o u t  10 t i m e s  more  ' su r f ace -exchangeab l e  P '  t h a n  
t h e  N B S  h y d r o x y a p a t i t e ,  b u t  t he  so l id / so lu t ion  r a t i o  
h a d  l i t t l e  or  no  effect  for e i t h e r  ma te r i a l .  

OLSEN'S conve r s ion  fac to r  of 4.20 was  used  to  t r a n s -  
f o rm  s u r f a c e - e x c h a n g e a b l e  P to  specific surface  a rea  
(Tab le  I I ) .  Good  a g r e e m e n t  b e t w e e n  t h e  specif ic  sur face  
a r ea  m e a s u r e d  b y  t h e  c o n t i n u o u s  f low t e c h n i q u e  a n d  
t h e  82p m e t h o d  was  o b t a i n e d  for  t h e  L R S  h y d r o x y -  
a p a t i t e  b u t  n o t  for  t h e  N B S  ma te r i a l ,  sugges t ing  t h a t  
t h e  f a c t o r  d i f fers  b e t w e e n  p r e p a r a t i o n s .  

M e a s u r e m e n t s  of t h e  sur face  a rea  of f ine ly  d i v ided  
solids are,  however ,  no t o r i ous l y  u n r e l i a b l e  a n d  too  m u c h  

s igni f icance  shou ld  no t  be  a t t a c h e d  t o  t h e m .  T h e  r e l a t i ve  
sur face  areas,  i.e. t h e  specific su r face  a r ea  of t h e  L R S  
h y d r o x y a p a t i t e  d iv ided  b y  t he  specif ic  surface  a rea  of 
t he  N B S  h y d r o x y a p a t i t e  could be  more  i n f o r m a t i v e .  
Th i s  r a t i o  is 2.7, 3.4 a n d  10.2 w h e n  d e t e r m i n e d  respec-  
t i v e l y  f rom t h e  c o n t i n u o u s  gas f low t e c h n i q u e ,  e l ec t ron  
m i c r o g r a p h s  a n d  t h e  a ,p  exchange  m e t h o d .  The  m u c h  
h i g h e r  r a t i o  o b t a i n e d  b y  t h e  las t  m e t h o d  sugges ts  t h a t  
t h e  i so topic  e x c h a n g e  process  d i f fe red  b e t w e e n  t h e  2 
p r e p a r a t i o n s .  I t  is p r o b a b l e  t h a t  m u c h  more  c r y s t a l  
g r o w t h  would  occur  in  t h e  suspens ion  of t h e  less pe r fec t  
L R S  c rys t a l s  t h a n  in  t h e  suspens ion  of  t h e  nea r -pe r f ec t  
N B S  crys ta l s .  T h u s  i n  t h e  case of t h e  L R S  h y d r o x y -  
apa t i t e ,  loss of s , p  is l ike ly  to  resu l t  f r om r ec rys t a l l i z a t i on  
as wel l  as f rom surface  exchange  whi le  in  t h e  N B S  
p r e p a r a t i o n  on ly  t h e  second m e c h a n i s m  would  be  
i m p o r t a n t .  

Zusammen/assung. Es  w u r d e n  sowohl  /~ltere als  a u c h  
neuere  V e r f a h r e n  zur  F~ l lung  y o n  K a l z i u m h y d r o x y -  
a p a t i t  aus  w~ssr iger  L6sung  ve rg l e i chend  i iberpr i i f t  u n d  
die  e r h a l t e n e n  P r ~ p a r a t e  m i t t e l s  c h e m i s c h e r  u n d  phys i -  
ka l i sche r  M e t h o d e n  c h a r a k t e r i s i e r t ,  wobei  s ich ergab ,  
dass  da s  v o m  N a t i o n a l  B u r e a u  of S t a n d a r d s  en tw icke l t e  
V e r f a h r e n  die a m  b e s t e n  de f i n i e r t en  Kr i s t a l l e  l iefert .  
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P R O  E X P E R I M E N T I S  

Enzymatic Sulfation of 4-Methylumbelliferone 

E n z y m a t i c  su l f a t ion  of a r o m a t i c  h y d r o x y  c o m p o u n d s  
is m o s t l y  i n v e s t i g a t e d  b y  us ing  p - n i t r o p h e n o l  as  t h e  
su l fa te  acceptor .  T h i s  m e t h o d ,  desc r ibed  b y  RoY x m a k e s  
use of t h e  so lub i l i ty  of t h e  m e t h y l e n e b l u e  com pl ex  of 
t h e  sul fur ic  ac id  ester .  W e  deve loped  a m e t h o d  for  t h e  

d e m o n s t r a t i o n  of s u l f a t i n g  a c t i v i t y  us ing  one  of t h e  m o s t  
f luo rescen t  molecu les  known ,  4 - m e t h y l u m b e l l i f e r o n e ,  
4 - m e t h y t - 7 - h y d r o x y - c o u m a r i n  (MU). Var ious  d e r i v a t i v e s  
of M U  are  in  use  for  t h e  a s say  of hydro lases ,  bu t ,  so fa r  
as  we know,  no  a t t e m p t  h a s  been  m a d e  to  use  t he  p a r e n t  
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sul3stance for  d e m o n s t r a t i o n  of t h e  e n z y m a t i c  f o r m a t i o n  
of t h e  su l fa te  de r i va t i ve .  

Materials and methods. 4 - M e t h y l u m b e l l i f e r o n e  su l fa te  
(MUS) was  syn the s i zed  b y  t h e  m e t h o d  of SHERMAN a n d  
STANFIELD 2, or  b o u g h t  (Koch-L igh t ) .  No  d i f fe rence  
b e t w e e n  t h e  two  p r o d u c t s  was  obse rved .  

F r o m  A T P  a n d  su l fa te - ions  in  t h e  p resence  of Mg 2+, 
t h e  e n z y m a t i c  f o r m a t i o n  of ac t ive  sulfa te ,  3"-phospho-  
a d e n o s i n e  5" -phosphosu l fa te  ( P A P S )  is poss ible .  Such  a 
P A P S - g e n e r a t i n g  s y s t e m  was  p r e p a r e d  in  t h e  Iyophi t ized  
f o r m  f rom sheep  b r a i n  3. F o r  t h e  a c t i v a t i o n  a n d  for  t h e  
t r a n s f e r  of su l fa te  f rom P A P S  to  t h e  accep t ing  pheno l ,  
we used  a lyoph i l i zed  p r e p a r a t i o n  f rom r a t  l ive r  4. T h i s  
p r e p a r a t i o n  con ta ins ,  however ,  b o t h  t h e  su l fa te  a c t i v a t i n g  
a n d  t r a n s f e r r i n g  enzymes .  T h e  f o r m e r  can  b e  i n h i b i t e d  
b y  t h e  a d d i t i o n  of E D T A  to  t h e  i n c u b a t i o n  m i x t u r e .  
I n  t h i s  way  i t  is poss ib le  to  use  t h i s  p r e p a r a t i o n  for b o t h  
reac t ions .  

Our  i n c u s a t i o n  c i r c u m s t a n c e s  do n o t  differ  e s sen t i a l ly  
f rom those  used  b y  o the r s  for  t h e  su l f a t i on  of o t h e r  
c o m p o u n d s  e . g )  -6 a n d  t h e  cond i t i ons  are  o p t i m a l  for  
t h e  s y s t e m  desc r ibed  here.  T h e  su l fa te  a c t i v a t i n g  e n z y m e  
s y s t e m  in our  e x p e r i m e n t s  c o n t a i n e d  21 m g  e n z y m e  
p r e p a r a t i o n ,  e i t h e r  f rom sheep  b r a i n  or  f rom r a t  l iver,  
in  4.5 m l  tris-HCl buf fe r  0.4M, p H  7.4, c o n t a i n i n g  2.2 m M  
MgC12, 11 m M  K2SO , a n d  3.3 m M  ATP.  Af t e r  i n c u b a t i o n  
for  1 h a t  37°C t h e  r a c t i o n  was s t o p p e d  b y  h e a t i n g  for  
60 sec in  bo i l ing  water .  Af t e r  cool ing  a n d  c e n t r i f u g a t i o n  
1.5 m l  of  t h e  c lea r  s u p e r n a t a n t  was  a d d e d  t o  1 m l  of a 
so lu t ion  of M U  a n d  E D T A  in tris-HC1 buf fe r  0.4M, 
p H  7.4, c o n t a i n i n g  14 m g  r a t  l ive r  p r e p a r a t i o n .  

T h e  f i na l  c o n c e n t r a t i o n  of M U  b e i n g  0.4 m M  a n d  of 
E D T A  50 r aM.  T h i s  m i x t u r e  was  i n c u b a t e d  a t  37 °C for  
45 min .  T h e  r eac t ion  was  s t o p p e d  b y  h e a t i n g  in  a bo i l ing  
w a t e r - b a t h  for  1 rain.  T h e  s u p e r n a t a n t  was  co l lec ted  
a f t e r  cen t r i fuga t ion .  Th i s  f lu id  was  i n v e s t i g a t e d  for  t h e  
p resence  of M U S .  

Results. T h i n - l a y e r  c h r o m a t o g r a p h y  o n  si l icagel  (Merck, 
D a r m s t a d t ,  1.5 m m  th ickness )  revea led  u n d e r  U V - l i g h t  
one  spot ,  MU. To d e t e c t  M U S  on  t h e  c h r o m a t o g r a m  t h e  
t h i n - l a y e r  p l a t e s  were  s u s p e n d e d  in  fumes  of HC1 in  a 
closed vessel  for  a p p r o x i m a t e l y  10 min .  T he  c h r o m a t o -  
g r a m s  were t h e n  exposed  to  a c u r r e n t  of a i r  for  a s h o r t  
per iod,  t h e r e a f t e r  t h e y  were e x a m i n e d  u n d e r  U V - l i g h t  

TLC of authentic and enzymatieaUy formed MUS and of MU 

Developing fluid Rf value 
MUS MUS MU 
Formed Added 

Butanol-ethanol-ethylmethylketon- 0.6 0.6 
water (3:3:3:1) 7 
Butanol-ethanol-ethylmethylketon 0.3 0.3 
water (4:2:3:1) 
But anol-et hanol-ethylmethylketon 0.4 0.4 
(4:2: 3) saturated with water 
Butanol-ethanol-water (3:3:1) 0.8 0.8 
Butanol-acetic acid-water (10: 2 : 5) 0,6 0.7 

again .  I n  t h i s  w a y  M U S  was h y d r o l y z e d  a n d  could  be 
de t ec t ed  as MU. 

I n  t h e  T a b l e  t h e  R f  va lues  of a u t h e n t i c  a n d  e n z y m a t i -  
ca l ly  fo rmed  M U S  are  p re sen ted ,  a f t e r  t h i n - l a y e r  chro-  
m a t o g r a p h y  in  some d e v e l o p i n g  fluids.  As  c a n  be  seen  
f rom t h i s  Tab le ,  t h e  R f  va lues  of a u t h e n t i c  a n d  e n z y m a t i -  
ca l ly  fo rmed  M U S  are  in  exce l l en t  a g r e e m e n t .  

Af t e r  e l ec t rophores i s  on  cel lulose a c e t a t e  (Gehnan ,  
S e p r a p h o r e  I I I )  a t  p H  8.6 (vcrona l  b u f f e r  0.05iV/) a t  
350 V for  10 min ,  MU was  le f t  a t  t h e  a p p l i c a t i o n  l ine,  
M U S  b e i n g  d i sp laced  some  c e n t i m e t e r s  to  t h e  anode .  
H y d r o l y s i s  b y  HC1 fumes  r evea l ed  M U S  as MU, b e i n g  
v is ib le  u n d e r  UV- l igh t .  T h e  p r o d u c t  f o r m e d  b y  i n c u b a t i o n  
a p p e a r e d  a t  t h e  s a m e  place  as a u t h e n t i c  MUS.  

H y d r o l y s i s  of t he  fo rmed  p r o d u c t  w i t h  a h i g h l y  specif ic  
a ry l su l f a t a se  (Sigma,  t y p e  I I I )  r evea led  a g a i n  MU,  as 
d e m o n s t r a t e d  b y  c h r o m a t o g r a p h y  a n d  e lec t rophores is .  
N e x t  to  al l  this ,  t h e  fo rmed  M U S  a n d  t h e  hydro lys i s  
p r o d u c t s  e x h i b i t  t h e  same  e x c i t a t i o n  a n d  emiss ion  spec t r a  
on  a n  A m i n c o - B o w m a n  s p e c t r o f l u o r o m e t e r  as do t h e  

• a u t h e n t i c  c o m p o u n d s .  
Discussion. F r o m  al l  t hese  e x p e r i m e n t s  we cons ider  

t h e  e n z y m a t i c  f o r m a t i o n  of M U S p r o v e d ,  I n  o t h e r  exper i -  
m e n t s  we i n v e s t i g a t e d  t h e  e s sen t i a l i t y  of t h e  cofac tors  
m e n t i o n e d  above .  ATP ,  SO4 ~- a n d  Mg 2+ were found  to  
be  necessa ry  for  t h e  a c t i v i t y  of t h e  sys tem,  as were,  
of course,  t h e  e n z y m e  p r e p a r a t i o n s .  W e  r e a c h e d  t h e  
conclus ion ,  ba sed  on  t h e  a b o v e - m e n t i o n e d  resul t s ,  t h a t  
t h e  d e v e l o p m e n t  of a v e r y  sens i t i ve  a s say  of su l fo t r ans -  
fe rase  (E.C. 2.8.2) shou ld  b e  possible .  T h e  on ly  ques t i on  
t o  b e  so lved  r e m a i n s  t h e  q u a n t i t a t i o n  of t h e  a m o u n t  of 
M U S  formed .  P r e l i m i n a r y  e x p e r i m e n t s  in  ou r  l a b o r a t o r y  
p romi se  exce l l en t  r e su l t s  f rom t h e  use  of  a D o w e x  H +  
c a t i o n  e x c h a n g e r  r e t a i n i n g  MU, a l l  of t h e  M U S  pass ing  
t h e  co lumn .  A f t e r  ac id  h y d r o l y s i s  t h e  fo rmed  M U S  c a n  
be  v e r y  sens i t ive ly  m e a s u r e d  as  M U  8. 

Zusammenfassung. Die A k t i v i t i t t  von  Sul fo-Transfe-  
r a sen  wi rd  m i t  Hilfe  de r  4 - M e t h y l u m b e l l i f e r o n - M e t h o d e  
nachgewiesen .  
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A Method for Determining the Maximal  St imulus  Strength for Massive St imulat ion of Skeletal Muscle 

Massive  s t i m u l a t i o n  w i t h  s q u a r e  pulses  is n o w  wide ly  
used in e x p e r i m e n t s  where  t h e  s i m u l t a n e o u s  e x c i t a t i o n  
of al l  p a r t s  of a muscle ,  or  a musc le  f iber  p r e p a r a t i o n ,  
is des i red 1-4. The  p r e p a r a t i o n  is usua l ly  p laced  long i tud i -  
na l l y  b e t w e e n  2 para l l e l  p l a t i n u m  or s i lver-s i lver  ch lor ide  

p l a t e  e lec t rodes  s u r r o u n d e d  b y  a phys io log ica l  sa l t  solu- 
t ion .  E x c i t a t i o n  is ef fected b y  pass ing  br ie f  e lectr ic  
pulses  t h r o u g h  t he  so lu t ion .  

The  su i t ab i l i t y  of a s t i m u l a t o r  for  m a x i m a l  mass ive  
s t i m u l a t i o n  is usua l ly  t e s t e d  b y  d e t e r m i n i n g  if t h e  


