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4 - A m i n o b u t y r a t e  amino t rans fe rase  (EC 2.6.1.19) f rom 
P. aeruginosa  PAO1 which  also t r a n s a m i n a t e s  acetyl-  
o rn i th ine  and  orn i th ine  was puri f ied to  e lec t rophore t ic  
h o m o g e n e i t y  as judged  by  gel e lect rophores is  7. ACOAT 
and  4 - am inobu ty r a t e  amino t rans fe rase  show similar  ca t -  
a ly t ic  proper t ies .  I t  was therefore  in te res t ing  to de ter -  
mine  whe the r  the  2 enzymes  have  a c o m m o n  subun i t  or a t  
least  r e l a t e d  surface s t ruc tures .  No cross - reac t iv i ty  wi th  
4 - am inobu ty r a t e  amino t rans fe rase  could be de tec ted .  
P rec ip i t a t e s  of ACOAT wi th  an t i -ACOAT were formed by  
incuba t ing  20 ~zl of mouse  an t i -ACOAT an t i s e rum wi th  
130 [~1 of p h o s p h a t e  buffered  saline and  50 ~xl of enzyme 
solut ion conta in ing  25 [xg of ACOAT. 63% of the  original 
enzym e  ac t iv i ty  was found  in t he  p rec ip i t a t e  while 2% 
rema ined  in the  supe rna t an t .  This resul t  resembles  the  
one found  for N-ace ty lg lu t ama te  5 -phosphot rans fe lase  
f rom the  same organism 3. E n z y m a t i c  ac t iv i ty  was as- 
sayed  as descr ibed previous ly  4. 
A n o t h e r  in te res t ing  f inding resul ted  f rom expe r imen t s  
using Ouch te l lony  double  diffusion. Puri f ied ACOAT and  
ACOAT f rom a c~ude ex t r ac t  run  alongside d isplayed a 
p a t t e r n  of par t ia l  i den t i t y  w i th  a spur  forming  t o w a i d s  
t he  well of the  crude p repa ra t ion  (figure 2). This  obser-  
va t ion  indica tes  t h a t  t he  s t ruc tu re  of t he  enzyme  migh t  
have  been  changed  s o m e w h a t  dur ing  the  pur i f ica t ion.  
Such an a l te ra t ion  could be caused b y  the  loss of a l igand 
or of t he  cofactor.  

ACOAT appears  to be induced  b y  arginine and  to be re- 
pressed by  var ious  ca rbon  sources I. In  order  to under -  
s t and  the  regula t ion  of the  enzyme,  it was crucial  to  de- 
t e rmine  w h e t h e r  the  cont ro l  is exer ted  a t  the  level of en-  
zyme ac t iv i ty  or of enzyme  synthesis .  The radia l  mono-  
diffusion t echn ique  descr ibed b y  ManciniS offered a con- 
ven ien t  means  to  measure  the  concen t ra t ion  of a specific 
protein ,  n o t  depend ing  on the  ca ta ly t ic  ac t iv i ty .  Mancini  
assay conf i rmed  the i nduc t ion  of  en zy me  syn thes i s  b y  
arginine and  i ts  repress ion by  d i f ferent  ca rbon  sources. 
The 2% agar  gels con ta ined  2% of an t i se rum.  The rel- 
a t ive  co n t en t  of ACOAT of an ex t r ac t  f rom s t ra in  PAO1 
grown on minera l  salts  m e d i u m  w i t h  arginine as t he  only  
source of ca rbon  and n i t rogen  was 100. The same s t ra in  
cu l t iva ted  wi th  arginine and  c i t ra te  revealed a re la t ive 
enzyme c o n t e n t  of 21, while  the  a m o u n t  of enzyme  in un-  
induced  cells grown on g l u t a m a t e  as t he  sole C and N 
source was 6. Thus  the  enzyme  is induced by  arginine a t  
least  16-17fold. The d a t a  ob ta ined  by  tills app roach  agree 
ve ry  well w i t h  m e a s u r e m e n t s  of enzyme act iv i ty .  
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Summary. The effect  of 0.5 mM p y r o p h o s p h a t e  (PPi), d i sodium e t h a n e - l - h y d r o x y - l , l - d i p h o s p h o n a t e  (EHDP)  and  
d i sod ium d ich lo romethane  d i p h o s p h o n a t e  (C12MDP) on the  A T P - d e p e n d e n t  Ca 2+ ex t rus ion  f rom the  h u m a n  red cell 
ghos t s  was s tudied.  P P i  and  C12MDP had  no effect,  when  in t roduced  in to  the  cells or added  outside to  the  medium.  
E H D P  sl ight ly  increased the  calc ium concen t ra t ion  in the  released cells and  s l ight ly  decreased the  ra te  co n s t an t  of 
t h e  ca lc ium t r anspor t ,  hav ing  oppos i te  effects  when  i t  was inside or outs ide  the  cells. PP i  and  the  2 d iphosphona t e s  
were  no t  found  to move  easily across t he  red cell m e m b r a n e .  

P y r o p h o s p h a t e  (PPi~), a p roduc t  of m a n y  b iosyn the t i c  
reac t ions  8, inhib i t s  apa t i t e  fo rma t ion  4 and  dissolutionS; 
and  i t  has  therefore  been  sugges ted  to  regula te  bone  
t u r n o v e r  5. The d iphosphona t e s  E H D P  ~ and ClaMDP ~ are 
c o m p o u n d s  s t ruc tu ra l ly  re la ted  to  PPi, conta in ing  a 

P -C-P  ins tead  of a P - O - P  bond.  In  con t r a s t  to  PPi ,  t h e y  
are r e s i s t an t  to  hydro lys is  and  are more  p o t e n t  in vivo 
t h a n  PPi .  They  are powerful  inhibi tors  of ectopic calcifi- 
ca t ion s, bone calc i f ica t ion:  and  bone  resorp t ion  ~,s. 
These effects  migh t  be expla ined  by  the  act ion on crys ta l  
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Fig. 1. Ca ~+ transport of human red cells in the presence of 0.5 mM 
CI~MDP. Open signs represent Ca ~+ concentration in the cells; filled 
signs represent Ca ~+ concentration in the incubation medium; control 
(O, @); C12MDP within the cells (lJ, R); CI2MDP in the incubation 
medium (A, , ) .  Values are given -t- 2 SEM. 
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fo rma t ion  and  dissolut ion,  b u t  it  is concievable  t h a t  
cellular effects  are also involved.  Indeed  the re  is no good 
corre la t ion be tween  the  effect  on crys ta l  dissolut ion and 
the  inhib i t ion  of bone  resorp t ion  s. There  is also evidence 
of an act ive  renal  t r a n s p o r t  of d iphosphona tes ,  which  
suggests  an act ive  cellular up take  of these  compounds  9. 
Recen t ly  it was  observed  t h a t  the  d iphosphona t e s  inh ib i t  
t he  lac ta te  p roduc t ion  in cu l tu red  cells 1~ Actua l ly  b o t h  
d iphosphona t e s  have  been  found  to r e t a rd  the  release of 
calc ium f rom mi tochondr i a  w h e n  added  in v i t ro  n or in 
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Fig. 2. Ca 2+ transport of human red cells in the presence of 0.5 mM 
EHDP. Open signs represent Ca 2+ concentration in the cells; filled 
signs represent Ca 2+ concentration in the incubation medium; control 
(�9 O) ; EHDP inside (E], I )  ; EHDP outside (A, A). Values are given 
=~ 2 SEM. When the SEM were smaller than these symbols, they 
were not included. In figure 2 B the calcium concentration in the 
blood cells is represented on a logarithmic scale. 
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Fig. 3. Permeability of red cell membrane for PPi, EHDP and 
C12MDP. Ghosts which had been filled with 3~P-PPi, 14C-EHDP and 
14C-C12MDP were incubated and the radioactivity measured in the 
medium and in the cells. The amount found in the medium is ex- 
pressed as percentage of the amount found in the cells. O- -0,  radio- 
activity; �9169 hemoglobin as control. 

vivolZ. F u r t h e r m o r e  P P i  has  been  found to increase the  
inf lux of calc ium into k idney  cells 13, and  to  s t imula te  a t  
low concen t ra t ions  the  calcium u p t ak e  into embryon ic  
bone  cu l t iva ted  in t issue cul ture  m e d i u m  14. 
I t  is possible t h a t  the  effects  of P P i  and  the  d iphospho-  
nares  are due  to  an effect  on the  act ive  t r a n s p o r t  of 
calc ium t h r o u g h  the  cell membrane .  To t es t  th is  pos- 
sibil i ty,  a s imple s y s t em was chosen, n ame l y  the  calcium 
t r a n s p o r t  in h u m a n  red cells, a s y s t em which  has  been 
s tud ied  t h r o u g h o u t  15. The effect  of PPi ,  E H D P  and  
CI~MDP in th is  sys t em is descr ibed in this  communica -  
t ion.  
Mater ia l s  and  methods. E H D P ,  C12MDP , 14C-EHDP and 
I~C-C12MDP were  ob ta ined  f rom the  P roc t e r  and  Gamble  
Company ,  Cincinnat i  (Ohio 45239, USA),  32P-pPi f rom 
New E n g l a n d  Nuclear ,  Dre ie ichenha in  (Fed. Rep.  of 
Germany) ,  and  all the  o the r  reagen t s  (analyt ical  grade) 
f rom Merck, D a r m s t a d t  (Fed. Rep.  of Germany) .  
The expe r imen t s  were carr ied out  as descr ibed  by  Schatz-  
m a n n  and Vincenzi15. The red blood cells (obta ined f rom 
the  blood b a n k  of the  Swiss Red  Cross) were washed  5 
t imes  wi th  a 5 fold vo lume of isotonic salt  solut ion buf-  
fered wi th  0.01 M imidazole-HC1, p H  7.2. The bu f fy  coat  
was  aspi ra ted .  
Ca 2+, Mg 2+, A T P  and o t h e r  reagents  were in t roduced  
in to  the  cells b y  reversal  of hemolys is .  At  room t em-  
pe ra tu re  6 ml of washed  red blood cells were hemolysed  
in 25 ml  of a solut ion conta in ing  0.75 mM CaC12, 4 mM 
MgC12, 2 mlV[ ATP,  5 mM imidazole-HC1, the  p H  of the  
solut ion was ad jus t ed  to p H  7.2, once PPi ,  E H D P  or 
CI ,MDP were added,  MgC12 was increased to 4.5 mM to 
correc t  for possible binding.  After  135 sec, the  ceils were 
resealed by  adding  1.315 ml 3 M I(C1 and,  af ter  addi-  
t iona l  3 rain, the  cell suspension was d i lu ted  wi th  48 ml  
of an ice-cold solut ion conta in ing  0.11 M KC1, 4 mM 
MgC12, 1 mM CaC12 and 40 mM imidazole-HC1, p H  7.2. 
The cells were t hen  spun  a t  10 ,000•  for 5 rain in a 
ref r igera ted  centr i fuge.  The pel le t  was t h e n  resuspended  
and  the  cells r ewashed  twice more,  a f te r  which a suspen-  
sion was p repa red  wi th  a h a e m a t o c r i t  be tween  0.3 and 
0.4. W h e n  necessary  PPi ,  E H D P  or C12MDP were added 
to  the  final  cell suspension.  The cells p r epa ra t i on  (15 ml) 
was then  incuba ted  in 25 ml E r l e n m e y e r  flasks in a 
shaking  w a t e r - b a t h  a t  25 ~ Samples  were t aken  at  t ime 
0, 5, i0 and 15 rain, immed ia t e ly  cooled in ice-water  and 
cent r i fuged a t  24 ,000•  for 2 min (accelerat ion t ime 
included).  The h a e m a t o c r i t  was de t e rmined  before and  
af ter  the  incubat ion .  
The pel le t  was  d i lu ted  1 : 3 and  the  s u p e r n a t a n t  1 : 2 wi th  
water .  Bo th  solut ions were then  depro ton ized  wi th  10% 
tr ichloroacet ic  acid conta in ing  2% (w/v) LaClz. Calcium 
was de t e rmined  wi th  a P e r k i n - E l m e r  a tomic  absorp t ion  
spec t ropho tome te r ,  Model  290 ]3. 
To inves t iga te  w h e t h e r  PPi ,  E H D P  of C12MDP can move  
across the  red cell membrane ,  32p-PPi, I~C-EI-IDP, or 
I~C-C12MDP (final specific ac t iv i ty :  0.053; 0.1; 0.24 ~Ci/ 
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~tmole respec t ive ly)  were  a d d e d  to t h e  so lu t ion  used  to  
t lemolyse  t h e  cells. Af t e r  t he  i ncuba t i on ,  t he  r a d i o a c t i v i t y  
of ceils a n d  m e d i u m  was d e t e r m i n e d  in t h e  s u p e r n a t a n t  
a f t e r  p r e c i p i t a t i o n  of m e m b r a n e s  a n d  p ro t e ins  w i t h  t r i -  
ch loroace t ic  acid,  us ing  a P a c k a r d  Tr i -Ca rb  l iqu id  scin- 
t i l l a t i on  spec t rome te r ,  Model  3324. T he  leak ing  of t h e  
cells was  e s t i m a t e d  b y  m e a s u r i n g  h e m o g l o b i n  in t he  cells 
a n d  t h e  m e d i u m  16. 
Results and discussion. Figure  1 shows t he  A T P  d r i v e n  
ca l c ium t r a n s p o r t  o u t  of t he  sealed ghosts .  As found  b y  
o the r s  1~, t h e  ca lc ium c o n c e n t r a t i o n  inside t h e  cells is 
h i g h e r  t h a n  in t h e  h e m o l y s i n g  so lu t ion  a d d e d  before  
reseal ing.  Th i s  effect  is p r o b a b l y  due  b o t h  to  t h e  s h r i n k i n g  
of t h e  ghos t s  u p o n  r eve r sa l  of hemolys i s  a n d  some b i n d i n g  
of c a l c iumlL  C12MDP showed  no  effects,  w h e t h e r  i t  was  
p r e s e n t  ins ide  or  ou t s ide  t h e  cells, P P i  d id  n o t  p roduce  
a n y  effect  e i t he r  (not  shown) .  I t  is un l ike ly  t h a t  P P i  was  
h y d r o l y s e d  d u r i n g  t he  e x p e r i m e n t ,  s ince ca lc ium is a 
s t r o n g  i n h i b i t o r  of ino rgan ic  p y r o p h o s p h a t e  16,19. A c t u a l i y  
we found  t h a t  n o t  more  t h a n  10~o of t h e  P P i  was  h y d r o -  
lysed,  w h e n  g iven  a t  1 m M  c o n c e n t r a t i o n  in t he  absence  
of ATP .  A d d i t i o n  of A T P  will  n o t  b i n d  e n o u g h  ca lc ium 
to  abol i sh  t he  i n h i b i t o r y  effect  of t h e  l a t t e r .  
Resu l t s  are  s o m e w h a t  d i f f e ren t  for  E H D P  (figure 2). 
W h e n  E H D P  was  i n t r o d u c e d  i n to  t h e  cells, ca l c ium 
c o n c e n t r a t i o n s  found  ins ide  t he  cell a t  t i m e  0 was h ighe r  
t h a n  in . the  con t ro l  e x p e r i m e n t .  T he  oppos i te  was  t he  
case, w h e n  E H D P  was a d d e d  ou ts ide  i n to  t h e  i n c u b a t i o n  
m e d i u m .  To ana lyse  a poss ible  effect  on  t h e  r a t e  of 
t r a n s p o r t ,  a s s u m i n g  a f i r s t  o rder  reac t ion ,  t he  ca lc ium 
c o n c e n t r a t i o n s  w i t h i n  t h e  ceils were p l o t t e d  on  a loga- 
r i t h m i c  scale ve r sus  t ime.  T he  fol lowing r a t e  c o n s t a n t s  
were found  ( ~  1 SEM) :  0.0622 :k 0.0023 ra in  -1 for con-  
t ro l ;  0.0522 :k 0.0035 m i n  -1 for E H D P  inside a n d  
0.0693 -t- 0.0032 m i n  -1 for  E H D P  outs ide.  The  l a t t e r  2 
va lues  are  s ign i f i can t ly  d i f f e ren t  (p < 0.025), sugges t ing  
t h a t  E H D P  has  a s l ight  effect  on  t h e  ca lc ium t r a n s p o r t  

o u t  of the  cell. I t  is possible  t h a t  E H D P  m a y  b i n d  to the  
cell m e m b r a n e ,  where  i t  m a y  ac t  d i f f e ren t ly  on  t he  
t r a n s p o r t  w h e t h e r  i t  is ou ts ide  or inside.  The  smal l  dif- 
ference in t h e  r a t e  c o n s t a n t s  could exp la in  the  dif ference 
of t h e  Ca 2+ c o n t e n t  of t he  cells a t  t i m e  0, w h e n  E H D P  
was presen t ,  s ince t h e  ca lc ium t r a n s p o r t  is p r o b a b l y  no t  
comple t e ly  s t opped  d u r i n g  t h e  t i m e  f rom seal ing  of t he  
ceils up  to t h e  b e g i n n i n g  of t he  expe r imen t ,  even  t h o u g h  
t h e  cells were k e p t  in  ice. The  dif ference in t h e  ca lc ium 
c o n t e n t  could also be exp la ined  in t h a t  E H D P  m a y  
inf luence  t h e  s h r i n k i n g  of t he  ghos t s  or poss ib ly  the  
b i n d i n g  of Ca 2+ to t he  m e m b r a n e .  F u r t h e r m o r e  one  could 
a rgue  t h a t  E H D P  b inds  Ca ~+ and  t h a t  the  t r a n s p o r t  is 
c h a n g e d  because  t he  free Ca 2+ c o n c e n t r a t i o n  is decreased.  
This ,  however ,  is v e r y  un l ike ly  since P P i  and  C12MDP 
h a v e  a s imi la r  a f f in i ty  for Ca ~+ as does E H D P  2~ 
W h e n  ghos ts  c o n t a i n i n g  label led  P P i  or  label led diptlos- 
p h o n a t e s  were  i ncuba t ed ,  a loss of these  c o m p o u n d s  was 
f o u n d  wh ich  was  on ly  s l igh t ly  fas te r  t h a n  h e m o g l o b i n  in 
t h e  case of P P i  a n d  E H D P  a n d  was t h e  same as hemo-  
g lobin  in t h e  case of C12MDP (figure 3). T h u s  is appea r s  
t h a t  P P i  a n d  t he  d i p h o s p h o n a t e s  c a n n o t  easi ly p e r m e a t e  
t h e  e r y t h r o c y t e  m e m b r a n e .  
I n  conclusion,  i t  seems t h a t  P P i  and  t h e  2 d i p h o s p h o n a t e s  
E H D P  a n d  C12MDP h a v e  no s t r i k ing  effect  on  t h e  ca lc ium 
t r a n s p o r t  of red  b lood cells a n d  t h a t  these  c o m p o u n d s  do 
n o t  easi ly  p e r m e a t e  t h e  e r y t h r o c y t e  m e m b r a n e .  
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Summary. A d m i n i s t r a t i o n  of t he  pro te in- f ree  e x t r a c t  of b o v i n e  p a r a t h y r o i d  powder  to  r a t s  resu l ted  in a s ign i f ican t  
increase  of t he  s e r u m  v i t a m i n  A level.  

The  oral  a d m i n i s t r a t i o n  of b o v i n e  p a r a t h y r o i d  powder~ 
as well  as i t s  p ro te in - f ree  aqueous  ex t rac t ,  showed  
wide range  v i t a m i n  A-l ike effects  2. Th i s  o b s e r v a t i o n  
p r o m p t e d  us to  t e s t  w h e t h e r  or  n o t  t h e  p ro te in - f ree  a n d  
ca l c ium- inac t i ve  ( consequen t ly  p a r a t h o r m o n e - f r e e )  ex-  
t r a c t  of t h e  p o w d e r  h a s  a n y  inf luence  on  s e rum v i t a m i n  A 
level  in ra ts .  
Preparation of protein-[ree parathyroid extract. Freeze-  
dr ied  a n d  mic ron ized  b o v i n e  p a r a t h y r o i d  glal lds (Biofac 
A/S,  Copenhagen)  were d e f a t t e d  accord ing  to  A u r b a c h  ~. 
E v e n t u a l  p resence  of t h y r o i d  h o r m o n e s  ill t h e  p o w d e r  
was exc luded  b y  t h e  o rgan ica l ly  b o u n d  iodine a s say  of 
U S  P h a r m a c o p o e i a  4. 10 g of t h e  d e f a t t e d  p o w d e r  was 
success ive ly  s t i r r ed  for  1 h w i t h  3 X 100 m l  of d is t i l led  
w a t e r  a t  30 ~ Tile c o m b i n e d  s u p e r n a t a n t  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  was  freeze-dried.  T he  res idue  was d issolved 
in  20 ml  of wa te r ,  t h e n  8 m l  of 60% (w/v) aqueous  so lu t ion  

of t r i ch lo roace t i c  acid was a d d e d  dropwise ,  w i t h  s t i r r ing,  
a n d  left  to  s t a n d  for 2 h a t  5 ~ Tile aqueous  s u p e r n a t a n t  
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  f rom p r e c i p i t a t e d  p ro te ins  
was  e x t r a c t e d  w i t h  20 • 120 ml  of e ther .~Traces  of e the r  
were r e m o v e d  b y  e v a p o r a t i o n  a t  r educed  pressure  a t  
25 ~ t h e n  t h e  aqueous  so lu t ion  was f reeze-dr ied  to  yield 
1.2 g of d r y  p r o t e i n  free ex t rac t .  
Effect o[ protein-parathyroid extract. 9 groups  of male  
W i s t a r  r a t s  (LATI ,  G6d6116, 200-220 g b.wt)  were t r e a t e d  
w i t h  d i f fe ren t  da i ly  doses of t i le p ro te in - f ree  ex t rac t ,  t h e  
f i rs t  one se rv ing  as con t ro l  group.  E a c h  group  consis ted  
of 20 an imals .  E a c h  a n i m a l  was  k e p t  in  a s epa ra t e  cage 
a n d  rece ived  20-25 g of feed dai ly.  T h e  s t a n d a r d  feed 
c o n t a i n e d  6 I U  of v i t a m i n  A pe r  g. The  pro te in- f ree  
e x t r a c t  was  a d m i n i s t e r e d  on  8 consecu t ive  days  ill 2 ml  
d r i n k i n g  wate r .  On t h e  9 th  day,  t h e  r a t s  were kil led b y  
decap i t a t i on .  The  v i t a m i n  A c o n c e n t r a t i o n  in t h e  se rum 


