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(0.15 mmol) in ace tone-d  6 (0.5 ml);  me thano l -d  4 (0.2 ml) 
was added  and  af ter  24 h ( N - I t  to  N-D)  the  curves  were 
recorded again. The s inglet  (d 8.6-8.8) of t he  p ic ra te  
anion was t aken  as p ro ton -coun t ing  reference;  t he  n u m -  
ber  of N - H  resul ted  d i rec t ly  f rom the  in tegra t ion  curves  
or f rom the  difference wi th  those  ob ta ined  af ter  add i t ion  
of me thano t -d  4. The  n u m b e r  found  for N-I-i was  usual ly  
wi th in  0 to  - -10% of t he  correct  one. 

The spec t ra  do no t  show sepa ra ted  signals for E - Z  
isomers ~4. The N - H  signals are general ly  charac te r ized  
by :  d-values in the  range 6.7-8.2 ; ha l f -band  w i d t h  (WII~) 
5-18 Hz;  t h e y  d i sappear  w i th  methanol-d4;  &values are 
no t  changed  or are s l ight ly  decreased (less t h a n  0.1 ppm) 
by  methanol .  An aryl  subs t i t uen t  p roduces :  a s t r o n g  
downfield shi f t  of t he  A r - N - H  signal;  a small  effect  on the  
pro tons  of the  o ther  N-a toms ;  t he  N - H  resonances  
d i sappear  ( ' averaged '  w i th  MeO-H)  or  are s t rong ly  
b roadened  b y  methano l .  

The a roma t i c -H  signals are d is t inguished because t h e y  
are n o t  r emoved  b y  me thano l -d  4. The N - H  signals of 
amines  (as p ic ra te  salts) are usual ly ve ry  b road  (Wl/2 
> 40 Hz) and d i sappear  b y  methano l .  The O - H  (W v 2 ca. 
2 Hz) or N - H  ( W ~  > 40 Hz) signals of phenols  and  
ca rboxamides  are sh i f ted  downfield (0.2-0.3 ppm) b y  
methanol .  

Af te r  t he  presence  of t he  guan id in ium group has  been. 
ascer ta ined,  i ts  subs t i t u t i on  p a t t e r n  resul ts  in m a n y  
examples  f rom t h e  N - H  signals in t he  spec t ra  measured  
in pla in  acetone.  Thus,  an example  (R ~ = R a = cyclo- 
hexyl ;  R 2 = R ~ = R 5 --- H) exhibi t s  4 N - H  d i s t r ibu ted  
in 2 signals (d 7.06 and  7.26; area rat io 1:3) par t i a l ly  
superposed;  these  d a t a  ind ica te  non-equ iva l en t  N - H  
groups,  and therefore  t he  c o m p o u n d  is a N~, Ne-disubst i -  
t u t e d  guanidin ium.  The  observed  area  ra t io  is due to  
superpos i t ion  of t he  lower-field c o m p o n e n t  of t he  sp l i t t ed  
N - H  signal  (doublet ;  two  H - N - C - H )  wi th  t he  NHg 
singlet.  The sp l i t t ing  is conf i rmed  b y  decoupl ing w i t h  
ferric chloride. 

The scope is widened,  including the  resul ts  in acetone-  
dd, which  allows the  observa t ion  of t he  N - C - H  signals 
a t  d 3.0-4.3; an ad j acen t  aryl  group (N-CH-Ar )  produces  
a downfield shi f t  (d 4.5-4.9). The m e t h o d  now takes  into 
account :  n u m b e r  of guan id in ium N - H ;  occurrence  of a 
s inglet  or more  N - H  signals arising f rom non-equiva lence  
or spin-spin coupling wi th  N - C - H ;  n u m b e r  of N - C - H  
mul t ip le t s  simplif ied by  me thano l -d  4. 

One example  is given in deta i l  (R ~ = R ~- = e thy l ;  
R ~ = m e thy l ;  R* = H ;  R s = benzyl)  which  gives a 
sha rp  signal a t  d 7.33 t h a t  in its base  is pa r t i a l ly  super-  
posed wi th  a broad  signal ( total  area 7 H). Af te r  addi t ion  

of me thano l -d  4 i t  remains  a 5H-singlet  (aromatic-H),  
ind ica t ing  t h a t  t he  co mp o u n d  is a t e t r a - s u b s t i t u t e d  
guanidiuium.  Besides, methanol-d4 simplifies two double ts  
to  give the  cor responding  singlets  a t  d 3.00 and  4.55; 
th is  implies t h a t  two  of t he  subs t i tuen t s  are located on 
N -a t o ms  bear ing a p r o t o n  responsible  of t he  N - C - H  
spl i t t ings.  Then,  t h e  c o m p o u n d  is a N 1, N1,N~, N3-tetra-  
subs t i t u t ed  guanidinium.  

Some of the  compounds  were also measured  using 
plain  and  h e x a d e u t e r a t e d  d ime thy l su lphox ide  as so lvents ;  
the  resul ts  were general ly  similar  to  those  quo ted  above.  
These solvents  are main ly  useful for low soluble p icra tes  
(e.g. R 1 = R 2 = me thy l ;  R a = R ~ = R 5 = H). 
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Summary .  Ribonuclease  ac t iv i ty  d i rec ted  aga ins t  the  syn the t i c  duplex  p o l y rC : p o l y r I  was de t ec t ed  in nuclear  ex t r ac t s  
f rom b o t h  uns t imu la t ed  and  P H A - s t i m u l a t e d  h u m a n  lymphocy tes .  In  t he  l a t t e r  cells, the  ac t iv i ty  was abou t  twice 
t h a t  of small  lymphocy tes .  

I t  has  been  s h o w n  t h a t  h u m a n  small  l y m p h o c y t e s  
synthes ize  m a i n l y u n m e t h y l a t e d  rap id ly  sed imen t ing  R N A  
molecules which  hybr id ize  ve ry  eff icient ly to  D N A  in 
v i t ro  and  are  b o u n d  to po lyadenyl ic  sequences  in a 
p ropo r t i on  up  to  20% 1, 3. I t  was t h u s  conc luded  t h a t  t he  
major  por t ion  of t he  R N A  syn thes i zed  in these  cells is 
the  he te rogeneous  nuclear  RNA.  Since i t  has  been  shown 

by  several  au thors  t h a t  a s ignif icant  por t ion  of nuc lear  
R N A  of t he  he te rogeneous  t y p e  in an imal  cells is in an 
RNase - r e s i s t an t  form wi th  proper t ies  of doub le - s t r anded  
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Ribonuelease activity directed against single-stranded and double-stranded synthetic polyribonucleotides in nuclei of unstimulated and 
PHA-stimulated normal human lymphoeytes 

Donor No. Substrate Small lymphocytes PHA-stimulated lymphocytes 

Control incubation Substrate radioactivity Controlincubation Substrate radioactivity 
(cpm) hydrolyzed (%) (cpm) hydrolyzed (%) 

1 8H-polyC-polyI 6450 11 6450 25 
3H-polyrC 5100 12 5100 15 

2 aH-polyrC-p01yrI 4430 13 4430 27 
SH-polyrC 4500 11 4500 13 

3 8H-polyrC-polyrI 5200 27 5200 56 
�9 3H-polyrC 2800 18 2800 21 

After dissolution of the nuclei in 1 M NaC1 buffer, the extract was dialyzed against 0.14 M NaC1 buffer and incubations performed in buffer 
of this molarity. 

R N A  3-v, i t  was n o t  u n e x p e c t e d  to obse rve  t h a t  a b o u t  2% 
of t he  t o t a l  labe l led  cell R N A  of smal l  l y m p h o c y t e s  shows 
d o u b l e - s t r a n d e d  p roper t i e s  s. 

A t  va r i ance  w i t h  t h a t  obse rved  in severa l  a n i m a l  cell 
types ,  t he  t u r n o v e r  r a t e  of he t e rogeneous  nuc lea r  R N A  in  
smal l  l y m p h o c y t e s  appea r s  r e m a r k a b l y  low, as sugges ted  
b y  t h e  assoc ia t ion  of t h e  m a j o r i t y  of a label led  p recurso r  
w i t h  r ap id ly  s e d i m e n t i n g  molecules  even  a f t e r  severa l  
hou r s  of a c t i n o m y c i n  chase1, 2. Th i s  conclus ion  is also 
s u p p o r t e d  b y  t he  o b s e r v a t i o n  t h a t  cold u r id ine  chase  for 
severa l  hou r s  does n o t  s ign i f i can t ly  change  t h e  p ropor -  
t ion  of label led  d o u b l e - s t r a n d e d  IRNA s, 9. 

P h y t o h e m a g g l u t i n i n  (PHA) s t i m u l a t i o n  of smal l  
l y m p h o c y t e s  b r ings  a b o u t  a s h a r p  change  in m e t a b o l i s m  
of nuc l ea r  l y m p h o c y t e  RNA,  cha rac t e r i zed  b y  a large 
increase  in t he  r a t e  of syn thes i s  a n d  process ing  of r iboso-  
ma l  p recurso r  RNA,  as well  as b y  increase  in t u r n o v e r  
r a t e  of t h e  he t e rogeneous  nuc lea r  RNA1,  ~. Ve ry  l i t t l e  
i n f o r m a t i o n  is so fa r  ava i l ab le  a b o u t  e n z y m e  sys t ems  
i nvo lved  in m e t a b o l i s m  of nuc lea r  l y m p h o c y t e  RNA.  
The  presence  of d o u b l e - s t r a n d e d  R N A  segmen t s  in  he te -  
rogeneous  nuc lea r  R N A  just i f ies  t he  hypo thes i s  t h a t  t he  
c leavage  of t he  large R N A  molecules  of t h i s  R N A  class 
invo lves  t h e  a c t i v i t y  of a n  e n z y m e  w i t h  a def in i te  pre-  
ference for  d o u b l e - s t r a n d e d  RNA,  in a m a n n e r  s i m i l a r  to  
w h a t  ha s  been  r ecen t l y  d e m o n s t r a t e d  in bac te r i a l  cells. 
I n  these  cells, in fact ,  i t  was  r e c e n t l y  obse rved  t h a t  
r ibonuc lease  I I I ,  a n  e n z y m e  h i g h l y  specific for double-  
s t r a n d e d  RNA,  ha s  a key  role in  process ing  of messenger  
as well  as r i b o s o m a l  R N A  precursors  10-z3. 

This  p a p e r  sho r t l y  r epo r t s  t he  resu l t s  of a g roup  of 
e x p e r i m e n t s  car r ied  ou t  in  our  l a b o r a t o r y  to  a s say  in  
l y m p h o c y t e  nuclei ,  before  a n d  a f t e r  P H A  s t imu la t i on ,  
t he  a c t i v i t y  of a r ibol luclease able  to  d iges t  double -  
s t r a n d e d  regions  of RNA.  

Mater ia ls  and methods. H u m a n  smal l  l y m p h o c y t e s  were 
o b t a i n e d  f rom the  pe r iphe ra l  b lood  of 3 n o r m a l  donors .  
H e p a r i n i z e d  b lood  was s e d i m e n t e d  b y  g r a v i t y  a n d  lym-  
p h o c y t e  suspensions ,  w i t h  g r anu l ocy t e  c o n t a m i n a t i o n  
lower t h a n  0 .5%, were p r e p a r e d  b y  f i l t r a t ion  of t h e  
s u p e r n a t a n t  t h r o u g h  commerc ia l  n y l o n  fibres,  accord ing  
to t he  t e c h n i q u e  a l r eady  descr ibed  1. Cul tures  were set  u p  
in Eag le ' s  m e d i u m  w i t h  20% au to logous  p l a s m a  a t  t he  
average  cell c o n c e n t r a t i o n  of 2 • l0  s cells pe r  ml. T he  t o t a l  
l y m p h o c y t e  yie ld  f rom each  donor  (2.6 to  3 • 10 s lym-  
phocytes )  was  d iv ided  in to  2 equa l  pa r t s ,  one of wh ich  was 
i m m e d i a t e l y  h a r v e s t e d  a n d  t h e  nucle i  sepa ra ted .  T he  o t h e r  
p a r t  was  i n c u b a t e d  a t  37 ~ for 24 h a f t e r  add i t i on  of P H A  
so lu t ion  (Wellcome,  R e a g e n t  Grade)  a t  t h e  c o n c e n t r a t i o n  
of 0.02 ml /ml ,  a n d  t h e n  ha rves t ed .  Nucle i  of h i g h  p u r i t y  

were o b t a i n e d  w i t h o u t  m e c h a n i c a I  shea r ing  b y  a m i n o r  
mod i f i ca t ion  of t he  m e t h o d  of TAKAKUSU e t  al. 14, us ing  a 
m i x t u r e  of d e t e r g e n t  so lu t ions  c o n t a i n i n g  sod ium deoxy-  
cho la te  and  T r i t o n  W R  1339. The  h a r v e s t e d  cells were 
washed  twice  w i t h  50 ml  of sucrose buf fe r  (0.15 M sucrose,  
0.005 M CaCI~, 0.025 M Tr i s  �9 HC1, p H  7.1). The  w a s h e d  
cells were r e suspended  in 15 ml  of t h e  same buffer ,  a n d  a n  
equa l  v o l u m e  of d e t e r g e n t  so lu t ion  (0.25 % sod ium deoxy-  
chola te ,  0 .5% Tr i ton)  was  added,  a n d  t h e  suspens ion  
s h a k e n  gen t ly  b y  h a n d  for 5 min.  The  suspens ion  was  t h e n  
d i lu ted  w i t h  100 ml  of sucrose buf fe r  to  p r e v e n t  f u r t h e r  
d e t e r g e n t  ac t iv i ty ,  a n d  t h e n  cen t r i fuged  a t  1500 r p m  for  
10 rain,  to  e l imina te  t he  cy top l a smic  c o m p o n e n t s  in t h e  
s u p e r n a t a n t .  The  re su l t ing  pe l le t  of nuclei  was  w a s h e d  
th r i ce  w i t h  20 ml  of 0.25 M sucrose buf fe r  a t  4~ Micro- 
scopic e x a m i n a t i o n  of G iemsa - s t a ined  nucle i  showed  t h a t  
t he  nuc lea r  c h r o m a t i n  a n d  nuc leo la r  s t r u c t u r e  were well  
preserved ,  a n d  t h a t  on ly  a v e r y  few nucle i  r e t a i n e d  smal l  
cy top l a smic  tags.  The  w a s h e d  pe l le t  was  t h e n  easi ly  a n d  
even ly  dissolved in 10 ml  of buf fe r  (1 M NaC1, 0.02 M 
Tris  �9 HC1, MgAcet .  0.01 M,  p H  7.6), and  50-200 txl 
a l iquo ts  were s e p a r a t e d  and  used in t h e  e n z y m e  assay.  
A po r t i on  of t h i s  so lu t ion  was d ia lyzed  for  72 h aga in s t  
0.14 M NaC1 buffer .  The  p r e c i p i t a t e d  deoxyr ibonuc leo -  
p ro t e in  was t h e n  s e p a r a t e d  b y  c e n t r i f u g a t i o n  and  t h e  
s u p e r n a t a n t  aga in  t e s t ed  for d o u b l e - s t r a n d e d  r ibonuc lease  
ac t iv i ty .  

S y n t h e t i c  s u b s t r a t e  for t he  e n z y m e  assay  was p r e p a r e d  
f rom equ imo la r  a m o u n t s  of po ly r I  a n d  polyrC c o n t a i n i n g  
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aH-polyrC. All po lymer s  were  f rom Miles. P o l y r I  was  
dissolved in 0.02 M Tris buffer  (pH 7.8) c o n t a i n i n g  0.1 M 
NaC1 a n d  e x t r a c t e d  twice  w i t h  buf fe r  s a t u r a t e d  phenol .  
The  aqueous  phase  was t h e n  d ia lyzed  in t he  same buf fe r  to  
e l imina te  m i n i m a l  t r aces  of phenol .  8H-polyrC was d i lu ted  
w i t h  0.02 M Tris buf fe r  a n d  d ia lyzed  to e l imina te  e t h a n o l  
f rom the  commerc i a l  p r e p a r a t i o n .  Whi l e  in  in i t ia l  
e x p e r i m e n t s  p h e n o l  e x t r a c t i o n  was pe r fo rmed ,  t h i s  was  
found  u n n e c e s s a r y  in f u r t h e r  t r ia ls .  The  f o r m a t i o n  of t he  
b ihel ica l  h o m o p o l y m e r  dup lex  a H - p o l y r C : p o l y r I  was  
e v a l u a t e d  b y  t he  h y p o c h r o m i c  effect  a t  233 nm .  The  
t e m p e r a t u r e  of t h e  p r o d u c t  was found  b e t w e e n  60~ 
a n d  70~ in 0.1 M NaC1. The  dup lex  was also t e s t e d  for  
s t a b i l i t y  to  d iges t ion  b y  R N a s e  B ( W o r t h i n g t o n )  for 
30 m i n  a t  37 ~ F o r  c o n c e n t r a t i o n s  of t he  e n z y m e  up  to  
1 ~zg/ml, no  effect  was  obse rved  on  t h e  a m o u n t  of acid 
p rec ip i t ab le  coun t s  of t he  d u p l e x  in m o s t  p r e p a r a t i o n s  of 
~H-po ly rC:po ly r I ,  whereas  t he  single s t r a n d e d  3H-polyrC 
was m a d e  comple t e ly  acid soluble.  The  r eac t i on  m i x t u r e  
c o n t a i n e d  an  a m o u n t  of a H - p o l y r C : p o l y r I  e q u i v a l e n t  to  
a b o u t  0.5 nmoles  of P a n d  va r i ab l e  a m o u n t s  of nuc lea r  
e x t r a c t s  in a f ina l  vo lume  of 1 ml  of buf fe r  (1 M or 0.14 M 
NaC1, 0.01 M MgAcet .  a n d  0.02 M Tris �9 HC1). The  
r eac t ion  was s t opped  a f t e r  30 m i n  b y  a d d i t i o n  of 2 ml  
of 10% cold TCA. 50 vg of a l b u m i n  were a d d e d  as carr ier ,  
and  the  p rec ip i t a t e  was f i l te red  t h r o u g h  Mill ipore f i l ters  
(HAWP25) .  The  f i l ters  were dr ied  a n d  c o u n t e d  in a 
P a c k a r d  T r i ca rb  sc in t i l l a t ion  spec t rome te r .  Assays  were 
a lways  pe r fo rmed  in dupl ica te ,  and  ave rage  va lues  are  
p resen ted .  

Results. All the  nuc lea r  e x t r a c t s  assayed  in our  exper i -  
m e n t s  d i sp layed  a s ign i f ican t  d iges t ing  a c t i v i t y  on  t he  

d o u b l e - s t r a n d e d  subs t r a t e .  Resu l t s  o b t a i n e d  w i t h  reac-  
t i on  m i x t u r e s  in  0.14 M NaC1 buf fe r  are shown  in t h e  
Table .  The  p r o p o r t i o n  of s u b s t r a t e  r a d i o a c t i v i t y  d iges ted  
in buffer  of th i s  m o l a r i t y  was a lways  g rea t e r  t h a n  t h a t  
obse rved  in  1 M NaC1 buffer ,  even  t h o u g h  con t ro l  
e x p e r i m e n t s  showed  t h a t  a s ign i f ican t  a m o u n t  of a c t i v i t y  
was st i l l  b o u n d  to  t he  p rec ip i t a t e  fo rmed  a f t e r  dialysis.  
The  r a t e  of hydro lys i s  of t he  labe l led  d u p l e x  was  i r r egu la r  
a n d  p r o p o r t i o n a l i t y  to  t he  a m o u n t  of nuc l ea r  e x t r a c t  
a d d e d  to t he  r eac t ion  m i x t u r e  could n o t  be  d e m o n s t r a t e d .  
All t h e  resu l t s  shown  in t he  Tab le  were o b t a i n e d  w i t h  200 tzl 
of ex t rac t ,  co r r e spond ing  to a b o u t  3 •  s nuclei .  The  
a c t i v i t y  in  t h i s  a m o u n t  of nucle i  f rom u n s t i m u l a t e d  l ym-  
p h o c y t e s  of d o n o r  No. 2 b r o u g h t  to  hydro lys i s  of 0.08 
nmoles  of d o u b l e - s t r a n d e d  subs t r a t e ,  whereas  t he  a c t i v i t y  
in  t h e  same  n u m b e r  of nuclei ,  a f t e r  24 h of P H A  s t imu la -  
t ion ,  b r o u g h t  to  hydro lys i s  of 0.17 nmoles  of subs t r a t e .  
S ing le - s t r anded  r ibonuc lease  a c t i v i t y  was p r e s e n t  in 
each  of t he  samples  where  d o u b l e - s t r a n d e d  r ibonuc lease  
a c t i v i t y  was de tec ted :  However ,  in  all  donors  examined ,  
d o u b l e - s t r a n d e d  r ibonuc lease  a c t i v i t y  in  nuclei  of P H A -  
s t i m u l a t e d  l y m p h o c y t e s  was a b o u t  twice  t h a t  before  
s t i m u l a t i o n .  On t h e  con t r a ry ,  on ly  a smal l  ave rage  in-  
crease in single s t r a n d e d  r ibonuc lease  a c t i v i t y  was ob-  
se rved  in l y m p h o c y t e  nucle i  a f t e r  P H A  s t imu la t i on .  
F u r t h e r m o r e ,  hydro lys i s  of 3H-polyrC was m a r k e d l y  
s t i m u l a t e d  b y  E D T A ,  wh ich  had ,  o n  t h e  con t r a ry ,  a 
s l igh t  i n h i b i t o r y  ac t ion  on  d o u b l e - s t r a n d e d  r ibonue lease  
ac t iv i ty .  These  resul t s  sugges t  t h a t  s ing le - s t r anded  a n d  
d o u b l e - s t r a n d e d  r ibonuc lease  ac t iv i t i es  are assoc ia ted  
w i t h  d i f fe ren t  nuc lea r  pro te ins .  E x p e r i m e n t s  are n o w  in 
progress  in t he  a t t e m p t  to  s epa ra t e  these  pro te ins .  
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Summary. Using  me ta l - ion  buffers  i t  was  possible  to  r e m o v e  Zn 2+, Mg 2+ a n d  Mn 2+ ions of p ig  k i d n e y  a lka l ine  p h o s p h a -  
tase  revers ib ly .  The  d issoc ia t ion  c o n s t a n t s  o b t a i n e d  are K ~ g :  4 �9 10 -7 M,  K E ~ . :  4 �9 10 -s M a n d  K~zn: 8 �9 10 -~a M 
(22~ p H :  9.6, ~z: 0.07). 

Alkal ine  p h o s p h a t a s e  (EC 3.1.3.1) is a m e t a l - c o n t a i n i n g  
enzyme.  I t  requi res  Zn 2+ ions b o t h / o r  p r e s e r v a t i o n  of i ts  
s t r u c t u r e  a n d  for i ts  enzymic  a c t i v i t y  (e.g. ref.~). Zinc 
m a y  be  rep laced  b y  cobal t ,  copper ,  c a d m i u m ,  n ickel  or 
m a n g a n e s e  4-7. I n  a d d i t i o n  to  these  m e t a l  ions, t he  
a lka l ine  p h o s p h a t a s e  f rom m a m m a l i a n  t i ssue  needs  Mg 2+ 
ions for a c t i v i t y  S, % O t h e r  d i v a l e n t  ca t ions ,  especial ly  
Mn 2+, Co 2+, Ni  2+9 a n d  Ca 2+ h a v e  b e e n  r epo r t ed  to  be  
capab le  of r ep lac ing  Mg "+ as ac t iva to r .  Most  of these  
e x p e r i m e n t s  h a v e  been  pe r fo rmed  in t h e  absence  of 
complex ing  agents .  Therefore ,  due  to  c o n t a m i n a t i o n  of 
t he  r eagen t s  a n d  of t he  e n z y m e  p r e p a r a t i o n ,  t h e r e  are  
var ious  m e t a l  ions in  t he  assay.  F u r t h e r m o r e ,  t h e  con-  
c e n t r a t i o n  of m e t a l  ions were va r i ed  in  on ly  a few cases. 

W e  d e t e r m i n e d  t h e  d i ssoc ia t ion  c o n s t a n t s  of severa l  
m e t a l  ion complexes  w i t h  a lka l ine  p h o s p h a t a s e  in t he  
p resence  of a su i t ab l e  complex ing  a g e n t  u n d e r  cond i t ions  
w h i c h  g u a r a n t e e  t h a t  t h e  r e m o v a l  of m e t a l  ions is rever-  
sible a n d  t h a t  a n  equ i l i b r ium is achieved .  F u r t h e r m o r e ,  
we solved t h e  p r o b l e m s  ar i s ing  f rom a s y s t e m  cons i s t ing  
of more  t h a n  one so r t  of m e t a l  ion, complex ing  a g e n t  a n d  
p ro t e in  b y  m e a n s  of a F O R T R A N  I V  p r o g r a m  or a n  
a p p r o x i m a t e  formula ,  

Experimental. All chemica l s  were o b t a i n e d  f rom E.  
Merck, D a r m s t a d t ,  G e r m a n y .  P ig  k idneys  were used as 
source for  t h e  a lka l ine  p h o s p h a t a s e .  

Methods. The  p r e p a r a t i o n  of p ig  k i d n e y  a lka l ine  phos-  
p h a t a s e  and  t he  d e t e r m i n a t i o n  of e n z y m e  a c t i v i t y  was 
descr ibed  r ecen t ly  s, 10. Tile t e s t  m e d i u m  for k ine t ic  mea-  
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