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,'~ U.M,Xl A R Y 

1. Acid and  alkaline phospha tase  concentra t ions  have  been de termined in human  
foetal  blood, ma te rna l  blood and  amnio t ic  fluid. There appears to  be I~o relation 
between the  concent ra t ions  of the enzymes in the  three fluids. 

z. Acid and  alkal ine phosphatase ,  pyrophospha tase  and  5-nncleotidase were 
de te rmined  in several h m n a n  p lacentas  and  their  corresponding amniot ic  fluids. The 
alkal ine phospha tase  ac t iv i ty  of p lacenta l  tissue was high. There appeared  to be no 
cons tan t  relat ion between the  ~ n o u n t s  of the  four  different enzymes.  

3- A difference between placenta l  and  e ry th roey te  pyropbospha tase  was demon-  
s t ra ted .  Their  beha{'iour towards  magnes ium ac t iva t ion  and  inhibit ion by several 
ca t ions  was different .  

4- Different ia l  cent r i fugat ion  of placental  homogenates  showed the acid pkos- 
pha tase  to  be present  ma in ly  in the  cytoplasm,  alkaline phospha tase  and  pyro- 
phospha tase  main ly  in the  microsomes and  cytoplasm,  and  most  of the  5-nucleotlda-~e 
in the  microsomes,  mi tochondr i a  and  cytoplasm.  

II~TRODLICTIO~ 

The ful l - term h u m a n  p lacenta  is 6 to  8 in. in diam. ,  and  I in. thick,  and 'weighs about  
5oo g. The  u te r ine  surface is made  up of I5-2o  convex areas which are  called cotyledons.  
The foetal  surface is no t  subdiv ided  and  is covered ec~mpletely by  the  vascular  
mesoderm of the  chorion wi th  its large umbil ical  vessels. The placenta  is the  " t r a n -  
s i to ry  l iver" of the  foetus I t  is a s torehouse of building and  main tenance  materials ,  
a n d  conta ins  large a m o u n t s  of carbohydra tes ,  proteins,  fats ,  .vitamins, hormones,  
minerals  and  enzymes.  The  enzymes include alkaline and  acid phosphatases ,  choline 
esterase, and  proteolyt ic  artd glycol3~ic enzymes.  

BussI~ I repor ted  all act ive alkaline phospha tase  in the  placenta .  BOTELLA 
LLUSrA ~ fourtd i t  to  increase in ac t iv i ty  in the h u m a n  placenta  unt i l  the  s ix th  or 
seven th  m o n t h  of pregnancy.  N,XT.XF 3 found t h a t  the phosphatase  of pig's p lacenta  
increased as ges ta t ion  proceeded. SEELICH AND GO-~IOLKA a found  a similar rat io of 
a lkal ine  to acid phosphatase  in the p lacenta  and  amniot ic  fluid. 

The p lasma  alkal ine phospha tase  was found  by  YOUNG, KING, W o o d  .~XD 
W O O T T O N  ~ t o  F i s e  dur ing  pregnancy.  BERTHIOLILT,  BE, RGER A,N-D GOUNE.T 6 l i k e w i s e  

* P r e s e n t  a d d r e s s :  T h e  G e n e r a l  Comp, '~ny for  P h a r m a c e u t i c a l s ,  S .A .E . ,  26 S k e r i f  P ~ s h a  St r . ,  
Imrrtobil i~t  B u i l d i n g ,  Ca i ro .  
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found  a rise. foUowed by a pos t -pa r tum fall. Similarly SI'nnRV, GItAFI~ A,XD GRAFF 7 
found  a three-fold increase by  te rm and  a rapid increase af ter  delivery.  The alkal ine 
phosphatase  of the cord blood was higher  t h a n  t h a t  of ma te rna l  blood and  there  
appeared to be no rela t ion between the two.  MAI~IANI,  H E l t E D I A  AND SENINO s likewise 
found an increase of p lasma phospha tase  dur ing p regnancy  but  SER.X 9 did  not.  

This paper  reports  a s t u d y  of the occurrence and  d is t r ibu t ion  of phosphate-  
spli t t ing enzymes in the h u m a n  placenta  i.e. acid and alkaline phosphatascs ,  pyro-  
phosphatase  and  5-nucleotidase. An account  of the placental  5-nucleotidase,  i t s  
behaviour  and  propert ies has  a l ready  been puMished 1°. 

MATERIALS 

Foetal aml maternal blood. Simul taneous  samples of the  foetal  blood from the  cord a n d  
of ma te rna l  blood were collected. They  were cent r i fuged and  the p lasma used for t h e  
de te rmina t ion  of acid and  alkaline phosphatase  (see below). 

Anmiot ic  fluid. Enzsnne act ivi t ies  were carried out  on centr i fuged-fresh amnio t i e  
fluid within 2 h of its collection. 

Plaoemal extract. The cord and  membrane  were removed,  and  the  p lacenta  
washed free of blood wi th  hepaxinized saline (0. 9 % salt  solution),  inser t ing canulae  
in to  the  veins and  arteries. A complete  washing required about  5 1. The p lacen ta  was  
dried wi th  b lo t t ing  paper,  minced ia  a mechanical  mincer,  weighed and  an equal  
a m o u n t  of wa te r  added.  The  mix tu re  was homogenized in a War ing  blender  for  2 min,  
centr i fuged and  the supe rna t an t  separa ted  for the  enzyme es t imat ions .  

Place~,ta [or hlstod, emical examinations. Specimens of the  washed p lacen ta  were  
t rea ted  for histological phosphatases  as described b y  PEARSE ~. 

Placental homogenate /or  di f fcre~ial  centriluga~ion. About  z 5 g of p lacen ta  were 
cut  into small pieces wi th  a knife. These were mixed  wi th  80 ml  ice-cold isotonic 
sucrose (o.z5 3I, ad jus ted  to p H  7.2). The mix tu r e  was t r ea t ed  in a small  War ing  
blender  for z rain, and d i lu ted  to I0O ml. This mix tu re  was kep t  ice-cold, Pa r t  of i t  
(re ml represent ing 2. 5 g) was fur ther  homogenized in a pro-cooled glass homogenizer ,  
which was kept  dipped in ice-cold water .  The  homogenizer  t ube  was  m o v e d  up  a n d  
down to force the tissue agains t  the grinding surface. Grinding was con t inued  for 
3 min. The procedure was considered sa t i s fac to ry  if there  were ve ry  few cellular 
s t ruc tures  remaining.  

The homogenizer  was made  f rom a 5o-ml pyrex  syringe f rom which the  nipple 
had  been cu t  and  sealed off. The plunger was connected  to  a larger  d i ame te r  rod. This  
was connected to a mechanical  st irrer  t h rough  a flexible joint  of rubber  tubing.  

Erythrocyte haemolysate. The packed cells were washed  twice w i th  0 .9% salt  
solution, and  then  di luted wi th  9 voI. of distil led water ,  when a clear haemolysa te  was  
obtained.  E n z y m e  de te rmina t ion  were carried out  immedia t e ly  a f te r  prepar ing t h e  
haemolysate .  

METHODS 

A old a~d alkali~zo phosphalasos i~ blood ~lasma and amniolio fl.ui,1 

The phenyl  phosphate  me thod  of KI.~G AND ARMS'rRo~'{# 2 WaS used as described 
by  Ar.UL-FADI. AND KING TM, the  aminoant ipyr ine-fer r icyanide  procedure of Kt.~D AND 
Kt .~;  "-* being used to es t imate  the l iberated phenol.  Incuba t ion  t imes of I h for acid 
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phosphatase  pH 4.9 and  15 rain for alkaline phospllatase pH IO were used. Resul ts  
are expressed as KtNG-ARMSTRON~; units,  i.e. mg phenol l iberated in I h for the acid 
phosphatase ,  and  in I5 rain for the alkaline phosphatasc .  

Acid  amt alkali~e phosphalase o.t placental ~xtract~ 

Two methods  were used, i.e. the above, artd the modification of the phenyl  
phosphate  procedure (KtN(;, ABUL-FADL AN1) XVALKEIO "~) in which the lit)eraied 
phospha te  is de termined ins tead  of the phenol. Acetate  buffer is used in the la t ter  
procedure for acid phosphatase  instead of the c i t ra te  usual ly employed for blood 
plasma. The two methods  gave closely comparable  results. KING-AR3tS't'RONG uni ts  
are equal  to 1/a mg of l iberated P (phosphate) when free phosphate  is es t imated  instead 
of free phenol  (mol. wt. of phenol  --  3 >~ at. wt.  P). 

Formol-stabl~ acid phos~htttase 

F o r m a l d e h y d e  inact iva tes  the  acid phosphatase  of the red cells, leaving tha t  of 
some tissues, e.g. the  prosta te  unaffected.  The method  is as above with  the addi t ion  of 
o.o2 ml neutraliT~ed 4o% formaldehyde  sohltion.  

Pyropt~os~bhalase 

Reagents :  o .o i  M sodium pyrophosphate ,  o.2 7 g in IOO ml  distil led water,  freshly 
prepared;  pH 8.25 veronal  buffer (for placental  pyrophosphatase) ;  pH  7.6 veronal 
buffer (for e ry th r0cy te  pyrophosphatase) .  

Procedure. i ml o .oi  ;],'[ ~odiuul pyrophospha tc  + i ml. HzO (or I ml magnesium 
sulphate  solution) -p 4 ml buffer (pH 8.3 or 7.6) in a test  tube  are warmed  in a water  
ba th  a t  37 ° for 3 rain. The enzyme solution (I ml) is added  ~nd the tubes kept ~t 37 ° 
for 3 ° rain. Samples of I ml are then  pipet ted into I s -ml  flasks conta ining x ml 
x N HzSO 4 + 5 ml. H~O + I ml 5% a m m o n i u m  molybda te  + o-5 ml e.2°o amino 
naph tho l  sulphonie acid, and  water  added to the  mark  and  well mixed.  A high 
concent ra t ion  of s t rong acid mus t  be avoided,  in order  to prevent  hydrolys is  of pyre-  
phosphate .  KUNITZ 16 found  tha t  I ml N HaSOa in I5 ml was suitable. The colour 
should be read within 5 rain. The pyrophosphatase  un i t  is t aken  to be equal  to 2 mg 
of  o r thophospha te  P l iberated in 60 rain (2 or tho-phosphate  ~- x pyre-).  

5-Nucleotidase 

Two centr i fuge tubes  conta ining x.6 ml of o.o 5 31 veronal buffer solut ion of 
pH 7-5 and  o.2 of 0.ox M subst ra te  solution also ad jus ted  to pH 7.5 (sodium phenyl  
phosphate  for the  one and  adcnyl ic  acid for the  other) were placed in a water  ba th  a t  
37 ° for about  5 rain. ] 'hen o.2-ml samples of enzyme solution (placental ex t rac t  d i lu ted 
tert times) were added  and  the tubes  incuba ted  for exac t ly  30 min. The enzyme 
react ion was s topped  b y  4 ml of o % TCA solution.  The samples were centr i fuged and  
free ph,-: 'phate es t imated .  Adenylie  acid is hydro lysed  b y  bo th  the non-speclfic 
phospha tase  and  the  5-nucleotidase, phcny t  phosphate  on ly  by  the non-specific 
phospha tase ;  the  difference between the  two hydrolyses  gives the 5-nucleotidase. The 
un i t  is equal  to I mg l iberated P per  ho- 'r .  

E~zyme actiz,ity at different # H  

Phtha la to  buffer solution,  (CLARK :laND LUBS 17) pH 2-6.6, and  carbonate  verona.I 
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buffer  solut ions (KING AND DELORY lg) p H  7.5-IO,5 were used. The  exac t  p H  of the  
mixed  buffer  a n d  subs t ra t e  solut ions was measured  with a Cambridge  meter .  In  
compar isons  of e n z y m e  ac t i v i t y  a t  different  p H  value,  a cons t an t  t ime  of 30 rain 
incuba t ion  was used wi th  all subs t ra tes .  

Di  ff aroztial cemri/~gatio~ 

The  homogena te  was cen t r i fuged  at  900 rev . /min  for IO rain. The  s u p e r n a t a n t  was 
collected. The  prec ip i ta te  was washed  wi th  I ml  0.25 3 I  sucrose a t  o ° and  cen t r i fuged  
for io  rain. This s u p e r n a t a n t  was added  t o ' t h e  first. The  residue con ta in ing  the  cell 
debris  was key; in a refr igerator .  

The  combined  supe rna t an t s  were cen t r i fuged  a t  150o rev . /min  for  2o rain, the  
z, ew s u p e r n a t a n t  col lected and  the prec ip i ta te  washed wi th  I ml  0.25 3"I sucrose and  
cent r i fuged  again  for io  rain. The  supe r na t an t s  were combined.  Some of  the  p rec ip i t a t e  
was fixed on a slide with 2 % formalin,  s ta ined  wi th  eos in -haema toxy l in  and  e x a m i n e d  
microscopical ly.  This was found to  be m a i n ly  composed  of nuclei ,  This  c o n s t i t u t e d  the  
nuc lea r  f rac t ion.  

The  combined  s u p e r n a t a n t s  were cent r i fuged in a superspced  cent r i fuge  at  
Io,ooo rev . /min  for 45 rain, the  s u p e r n a t a n t  collected,  t he  prec ip i ta te  washed wi th  
0-5 ml of 0.25 ~li r sucrose solut ion,  and  again  cen t r i fuged  for  45 rain. The  s u p e r n a t a n t s  
were combined .  The  combined  s u p e r n a t a n t s  were now cen t r i fuged  a t  24,ooo r ev . /min  
for 90 rain. A jelIy-like prec ip i ta te  appeared .  This was the  microsomal  f rac t ion.  The  
s u p e r n a t a n t  was separa ted ,  and  cons t i t u t ed  the  cy top lasmic  fract ion.  All f rac t ions  
were pu t  immed ia t e ly  in the  re f r igera tor  a f te r  separa t ion ,  and  were e x a m i n e d  for  
alkaline and  acid phospha tase ,  p y r o p h o s p h a t a s e  and  5-nucleot idase  a c t i v i t y  w i t h o u t  
delay.  

H istochendcal alkali~z.e phosphatase 

The  sample of t issue was f ixed in cold formal in  (4 ~, 8 h). Unde r  these condi t ions  
a r t e fac t s  are small  and  enzym e  diffusion negligible. The  m e t h o d  used depends  on  the  
hydrolys is  of N a  f i -naphthyl  phospha t e  and  the  ins t an t  reac t ion  in s i tu  of the  l ibera ted  
t3-r, aph tko l  with d iazot ized  ~ -napb thy l  amine  at  p H  9.4. A red prec ip i ta te  is p roduced  
a t  the  site of phospha t a se  ac t iv i ty .  

RESULTS 

I'hosphatas~.~ in blood plasm~ ~nd ~mn.iotie flc~id 

Table  I shows the  results  ob t a ined  for acid and  alkal ine phospha ta se  c a  m a t e r n a l  
and  foetal  bl~od p lasma and  on amnio t ic  fluid. The  to ta l  cases e x a m i n e d  were 15, 
bu t  the  ma t e rna l  blood of one  case and  the  foeta l  b loods  of 9 were no t  available.  All 
specimens of p lasma and  amniot ic  fluid were free of any  t races  of haemolysis .  The  
ma te rna l  p lasma acid  phospha tases  were all wi th in  the  normal  range of 0 -  4 uni ts .  The  
p l a sma  alkaline phospha tases  showed a sl ight bu t  def ini te  increase,  one being twice 
the  uppe r  l imit  of no rma l  (K~NG AND "~VOOTTON ~9 give the  no rma l  range  3 - x z  units) .  
Similar  e levat ions  of alkaline phospha tase  in ma t e rna l  b lood have  been no t ed  by  
several au thors  refer red  to  in the  INTRODUCTION. Severa l  exp lana t ions  h a v e  been  
adva nc e d  for  this increase dur ing  pregnancy .  RAMSAY, THtERNS AND MAGEE 20 
suggested t h a t  there  is evidence of deficient ca lc ium and  phosphorous  me tabo l i sm;  
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a c i d  ph¢ , s p l l a . t a +e .  * F . S .  = f o r m o l - s t , d ~ l e  

B O D A N S K Y  7t t hough t  t ha t  occasional  high values might  be due to  increa.~ed para-  
t h y r o i d  s t imula t ion .  

A l though  the foeta[ bloods examined  were very  few, it  seems tha t  there  is no 
def ia i te  re la t ion  be tween  the  alkaline phospha tase  in mate rna l ,  foetal  blood and 
amnio t i c  fluid. Case No. 9, " a h y d r a m n o u s ' "  is remarkable  for its ve ry  high acid 
phos pha t a s e  ( though normM Iormol-s table  acid phosphatase)  in bo th  mate rna l  blood 
p lasma  and  amnio t i c  fluid, and  aii excep t iona l ly  low alkaline phospha tase  in the  
m a t e r n a l  plasma.  Case No. 7 also b.ad ve ry  high acid phosphatases ,  this t ime  in the  
foe ta l  p lasma,  the  m a t e r n a l  not  having  been done,  and  in the amniot ic  fluid. Several  
t issues of the body,  pa r t i cu la r ly  the red blood cells, have  an acid phosphatmse which is 
de s t roye d  by  fo rma ldehyde :  the large differences be tween the  total  and the  formol- 
s table  acid phospha tases  in these two cases represent  this fo rmaldehyde- lab i le  
phospha tase .  F r o m  what  t issue it came is not  k l i o w l l ,  but  it could  not  have been 
f rom the  blood cells sirtce bo t h  plasmas and amnio t ic  fluids were free of haemolvsis .  
Case No. 7 was one  of s t rep tococca l  toxaemia .  

Phosphatases h~ fMacenta and a~nioHc fluid 
The  acid and  alkaline phosphata.ses, oy rophospha t a se  and 5-nucleot idase were 

measu red  in i o  p lacentas  and  their  cor responding  amniot ic  fluids (Table II).  The  
p lacenta l  to ta l  acid phospha t a se  var ied from z. z to 5 units  whereas  the form<~l-stable 
acid phospha tase  was f rom o to 3 units  ; on ly  a small  p ropo r t i on  of the acid phospha tasc  
of the  p lacen ta  is the re fo re  formaldehyde- lab i le  llke t ha t  of the red cells. The  alkaline 
phospha ta se  var ied  f rom 8 to  41 uni ts /g  wet t issue; py rophospha t a se  from 0.6 to 3-4 
un i t s  and  5-nucleot idase  from o.4 to io  units.  There  seems to  be no  obvious  relat ion 
be tween  a n y  of the  enzymes  mid the clinical condi t ions.  DE)IPSE'r- _\XD "~VtfiLOCKI 2u 
r e p o r t e d  an increase in alkaline and acid phospha tase  it, pre-eclampt ic  placentas .  The  
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cases repor tcd  hcre are too few ei ther  to  suppor t  or  to  con t r ad i c t  this finding. There  is 
no relat ion between the  p lacenta l  enzymes  and  their  correslSonding values i,-, the  
amniot ic  fluids. S~EJ_ZCa ,~ND GOMOLr~A 4 claimed tha t  the  ra t io  be tween  alkal ine and  
acid phospha tase  in p lacenta  and  amnio t ic  fluid is cons tan t .  The  figures in Table  I I  rio 
not  suppor t  this. I t  is pe rhaps  wor th  not ing  t ha t  the concen t r a t i on  of enzymes  in the  
placentas  (expressed ~Is uni ts /g  wet tissue) are a hundred  or more tirnc~ those in the  
amniot ic  fluid (expressed as units , ' Ioo ml of fluid). 

HL~lochemical pl~osphatasc 

The 3lENTEN, Jt 'x( ;E ,~xI) GI~E~:.N =a f l -naphthol  m e t h o d  as modif ied by  (}ROGG AND 
PEARSF. 2~ gave excel lent  results  (Fig. I). In tense  colour  of the  h ighly  insoluble red dye  
allows the  use of a ve ry  shor t  incuba t ion  t ime. There  was p rac t i ca l ly  no s ta ining of  
t issue nuclei, and  the  phospha tase  a c t i v i t y  was clear ly  l imi ted  to the  p lacenta l  
epi thel ium. This result  is s imilar  to  t h a t  descr ibed  b y  DEMPSEY AND WISLOCEI and  
by  Dt:xtoxT. A t t e m p t s  to s t u d y  acid phospha tase  and  5mucleo t idase  by  iiisq;orchemica! 
means  gave ve ry  weak s ta ining react ions,  a l though  it appea red  t h a t  their  sites of  
pr incipal  a c t i v i t y  were the  same as t h a t  of alkaline phospha tase .  

i m b , _ ~ ~  ~¢~ ~::~,~:~ ,~:~; ~ + ~  ~ ,  i~ ~ ~ ...... ~.::i / ~ ~ ~ ~ . ~ ~ ' ~  ~ * ~ : . .  ~ ~ ¢ ~ .  ~"~¢..~.5~:~:~~:~: ~ ,~ . ; ' : : .  " ~ " ~ l ~ "  ~a,,~ ~ . -  ::i... " " 

/ . . . .  ~;q:. ~ " " ~. "~-¢: " ~ .~ .. - ~e~v~ ~.~-*~ . . . . . . . . .  ' 

Fag. 7..XlkaIine ph,~sphatase in human placenta. Histological section stained by ~J-naphthol 
phosphate diazo meth~cl, X Ioo. 

Some prop~:r~ies o~ placental phoslSh, atascs 

Fig. 2 shows the  results of hydrolys is  of pheny l  phospha t e  by fresh c rude  aqueous  
p lacenta l  e, x t r a c t  at  different  pH values. There  are 2 peaks  of ac t iv i ty ,  one  a t  p H  5 
and anoth.er be tween  pH xo and  Io.3. The  ac t i v i t y  found  at  the alkaline p H  is a b o u t  
20 t imes g rea te r  t han  t ha t  a t  p H  5, Formol - s tab le  e n z y m e  was found  to  be 250 % of the  
to ta l  acid phospl~atase. W i t h  added  magnes ium (final concen t ra t ion  o .o i  ~I) t he  acid 

l~ele,-ences p. 3,4]32.5. 
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phosphatase  was inhibited while the alkaline phosphatase  displayed a 23 % increase 
of ac t iv i ty  at the  o p t i m u m  pH.  

Table I I I  shows  the effect of  difforent concentrat ions of Mg, Co, and Zn on 
alkaline phosphatase  of the crude placental  extract,  before and after dialysis  against  
rutming tap  water overnight  and then against  distilled water for a further IZ h. ~ig 
was  found to exhibit  a m a x i m u m  act ivat ion  of the enzyme before dialysis  at o .oo 5 3/1. 

T A B L E  I l l  

EFFI:;CT OF DIVALENT C.%.TION.q (~[g4+, (~(1~ *, Zrl ] +) oN- CRI .71) I~  PLACE~'TAL ALKALINE PIIOSPIIATASE 

~*Jg P Iil~raled/t ml  

Be/ore dialysis At tcr  dialysi~ 
I _  

N o  C a t i o n  a d d e d  72 63 
I .  M g  o .o2  90  7 ~ 

o . o l  93 ~4 
o -oo5  g9  75 
o . u u :  78 75 
o . o o t  76 74 

° ' ° ° 0 5  75 72 
0_0002 72 7 ° 
o . o o o z  72 69 

2. CO 0 . 0 I  57 69 
0 .005  8 i  78 
0 . o o ~ 5  93 70 
r, .oDt S 7 75 
0 . 0 0 0 5  SO 74 
o.ooo2 84 72 
o , o o o l  $2 7 2 
0 . 0 0 0 0 5  7 6 66  

3- Zn o~ool  12 9 
O ,  O O  O.+~ 1 2  t -.2 

0 . 0 0 0 2  I S 1 2  

O . O ~ O I  1 8  2[ 2 
0 . 0 0 0 0 5  18 1:2 
o , o o 0 o 2 5  -" 7 J 5 
0.00002 _.27 I 5 
o . o o o o ;  3 o  3 ° 

E 
0 

7 
i 

g 

E 
..c 

Ct. 

i 
! 

f 
^ S - "'7 9 D H - I I  

Fig .  2. p H  h y d r o l y s i s  c u r v e  o f  p h e n y l  p ] m s p h a t e  
b y  f r e s h  a q u e o u s  p l a c e n t a l  e x t r a c t  w i t h  a n d  

w i t h o u t  a d d e d  m a g n e s i u m  (o, o1 M Mg) ,  

Re/ere~ ,ces  p .  3 2 4 1 3 2 5 .  

.c 

O 

I.tD 

,°0. 6 -ct 

=.."7, .'~--:~" ,....-~r .., _ , 

F i g ,  3. p H  h y d r o l y s i s  c u r v e  o f  p y r o p h o s p h a t e  
by fresh aqueous placenhd extract with mud 

without ridded magne.,dum (o.o~ ~%1). 
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After dialysis, however, ~Ig was found to.be maximally effective at s.ox 2%1 showing 
t h a t  some Mg, which a lways  accompanies  Mkaline phosphatase  in crude extracts ,  was 
p robab ly  lost dur ing dialysis. The d iminu t ion  of enzyme ac t iv i ty  af ter  dialysis m a y  be 
due to di lut ion by osmosis or par t ia l  dena tu ra t ion  or both.  Co showed an inhib i tory  
effect a t  o .oi  3~ but  a t  lower concentra t ions  ac t iva t ion  of the enzyme occurred and  
was max ima l  at  o.ooa5 M and  still evident  at  o.oooe5 3~ r. After dialysis ac t iva t ion  was 
m a x i m u m  at  o.oo5 M. Another  exper iment  was performed in which both  Co and  Mg 
were added  to  the enzyme prepara t ion  in a m o u n t s  required to produce m a x i m u m  
ac t iva t ion  when used iudividual ly .  In  such an exper iment  the enzyme ac t iv i ty  was 
found to be enhanced  to a m u c h  higher level t h a n  tha t  obta ined  by  the use of ei ther  
Mg or Co alone. Zn was inh ib i tory  in all the di lut ions used. 

Fig. 3 shows the pyrophospha tase  pH ac t iv i ty  curve of crude placental  ex t rac t  
wi th  and  wi thou t  Mg (o.oi M).  I n  the absence of Mg two peaks of ac t iv i ty ,appeared ,  
one a t  pH  3-4 and  the o ther  a t  about  pH 8.5. The la t te r  ac t iv i ty  is a lmost  seven t imes 
as high as the  former.  W i t h  Mg, however,  the  two peaks of op t imal  ac t iv i ty  were a t  
3.4 and  a t  abou t  6.o. The componen t  of very high ac t iv i t y  a t  pH  8.5 wi thou t  Mg is no 
longer apparen t  "after the  addi t ion  of Ms; ins tead  a new one a t  p H  6 appeared.  The 
ac t iv i ty  a t  this  new peak is not  as high as t h a t  a t  pH  8.5. The ac t i v i t y  at  pH 6 with 
Mg is on ly  2.5 t imes as much  as t h a t  a t  pH  3-4- 

As with phosphomono~sterase,  so pyrophosphatases  also display isodynamic  
properties.  Three are known,  one wi th  an  op t imum pH between 7.2 and  8.2 and  
ac t iva t ed  by  Mg. This  is a b u n d a n t l y  present in an imal  tissues (KAY ''°, ROCHE AND 
BAUDOIN=). Ano the r  has  an o p t i m u m  pH between 5"-5.5- This is not  ac t iva ted  b y  
Mg and  is a lways  associated wi th  alkaline phosphatase  in animal  tissue and  is a b u n d a n t  
especially in liver (Roc~E a x n  BAUDOL~-~). The th i rd  has an o p t i m u m  ac t iv i ty  between 
p H  3.2 and  4 (1"u°Als) • 

E r y t h r o c y t e s  are amongs t  the  tissues known to conta in  re la t ively  higi~ con- 
cent ra t ions  of pyrophospha tase  (JExxER AND K~tv~). I t  is op t imal ly  act ive at  about  
7.6 and  is ac t iva t ed  by Mg (NAGA~'NA AND MENONa°). Exper iments  were carried out  to 
compare  e ry th rocy tes  and  placental  tissue wi th  respect to  pyrophosphata~e ac t iv i ty  
in the  presence and  absence of Mg. 

Fig.  4 shows the effect of different concent ra t ions  of Mg ion on the e ry th roey te  
and  placental  pyrophospha tases  a t  their  o p t i m u m  pH values. Mg is indispensable for 
the  a c t i v i t y  of red blood coal pyrophospha tase  ; no hydrolysis  occurred in its absence, 
M a x i m u m  ac t iva t ion  occurred in the presence of o.oo1 21I Mg. Such a concent ra t ion  
of  Mg was s t rongly  inhibi t ing to the placental  enzyme.  This was ac t iva ted  wi th  
re la t ively  lower concentra t ions ,  i . e .o .oooa  5 and  o.ooooz5 ?ft. 

NAGANlXLX AND L~IENON a° found t h a t  w i thou t  added  Mg the  e ry th roey te  pyro-  
phosphatase  ac t iv i ty  was negligible and  t h a t  0.02 .%/increased the  ac iv i ty  more t h a n  
xoo-fold. KUNITZ 16 found  t h a t  yeast  pyrophospha tase  has an op t imum ac t iv i ty  round  
p H  7 and  t h a t  it  is ac t iva t ed  by  0.003 2~I Mg. 

Zn, Co and  Ca inhibi ted  placenta[ pyrophospha tase  ac t iv i ty .  Inhibi t ion ceased 
a t  ~bout  0.000025 ~]I in the  case of gn  and  Co. Ca was the least iuh ib ' t ing  of the  
three  and  at  o .ooooi  ,~/, Ca showed some act iva t ion .  These results are shown in 
Table  IV. 

NAGANNA AND MENON za found Zn, Co a n d  Ca to  inhibit  e ry th reey te  pyro-  
phosphatase ,  bu t  in concentra t ions  different from those shown here for placenta/  

ReteYe,~ces p. 324]325- 
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T A B L E  IX, " 

ACTIO.W O F  ZI~C~ C O B A L T  A N D  C A L C I U M  I O N S  OI# D I F F E R E N T  M O L A R  c e l q c E N ' £ R A T I O N S  

O,~q P L A C E N T A L  P Y R O P I - I o s P M A T A S E  

N o  Unils/ml 

CaHc..rt ,tddcd t,,O6J2 (/, r ~U'I u,0DO~ O*O00~ rj,r,~r~o,~ O,(Tr.J tYO~ r O,Of]Of)~ 

--.2 "4 Z i l  ++ o. 15 o. 3o 0.45 t .3 r-3 2. i 2.3 
"".4 Co +* o.I5 0.30 0.67 1.3 2.1 2,3 2. 4 
2.4 C a  * +  D,22 1.6 a. 7 2.0 2,0 2.8 2. 4 

pyrophosphatase.  The two enzyme s differ in their opt imum pH, and their act ivat ion 
by Mg and in their inhibition by several metals.  

The rates of h y d r o l ~ i s  of adenylic acid and phenyl phosphate  by placental  
extract at varying pH values are represented in Fig. 5. The curves are similar to those  
described by REIs ax for the tissues where a strong alkaline phosphatase  and 5-nucleo- 
tidase are present together, e.g. human ossifying cartilage or choroid plexus.  At about  
pI-I 9 t h e  r a t e  o f  h y d r o l y s i s  o f  p h e n y l  p h o s p h a t e  i s  m u c h  h i g h e r  t h a n  t h a t  o f  a d e n y l i c  
acid; the reverse applies at pH 7.5- This fact may  have  some importance as concerns 
the physiological significance of phosphatases and indicates the procedure to be 
fol lowed in measuring 5-nucleotidase activity.  

T h e  s t e e p  d e s c e n t  o f  t h e  c u r v e  a t  l o w  p H  v a l u e s  s u g g e s t s  t h e  o c c u r r e n c e  o f  
p h o s p h o r y l a t i o n  in  t h i s  r e g i o n .  

T h e  a l k a l i n e  p h o s p h a t a s e  a n d  5 - n u c l e o t i d a s e  a c t i v i t y  i n  x6  p l a c e n t a s  w e r e  
estimated. The results arc shown in Table V. The mean value of non-specific phos- 
phatase is 1 3 mg P/g  tissue/h when phenyl  phosphate  was  used as substrate,  Sub- 
tractLng t h i s  f r o m  t h e  m e a n  v a l u e  o b t a i n e d w h e n  a d e n y l i c  a c i d  w a s  u s e d  as  s u b s t r a t e ,  
one obtains an approximate value for 5-nucleotidase activity,  The results obtained fall 
over a wide range. No correlation exists  between those obtained for specific and non- 
specific phosphatase  activity.  

It was of interest to check how the methods  used for alkaline phosphatase  
purification affected 5-nucleotidase activity.  The purified alkaline phosphatase  showed 
no 5-nucleotidase activity.  We found that autolysis  of placenta in the presence of  

E 

-040 

I~3c 

E 

Plo¢~r l ta  

\ Irryth rocyt~ 

5 -,i 3 -to9 Mg ¢on¢. 

"% }, 

Fig. 4. Effeot of different magnes ium concen- 
,tra¢ions on p~acental (at pH 8.3) and erythro- 

cy te  (at pH 7.6) pyrophosphatases ,  

Phenyl ~ p h o ~ , , ~  

~ , 1  f I 
J ~ 9 pH 10 

Fig. 5. p H  hvdrolysi~ curves on phenyl  phos- 
phate and adenylic acid by placental  extract .  
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T A B L E  V 

A L K A L I N E  P H O G P H A T A S E  ( N O N - S P P : C t F I C  P~ ' tOSPH&TASK) AND 
~ = N U C L E O T [ D A S E  ( S P E ¢ I F | C  P H O S P H A T A S E )  A C T I V I T I E S  l!q I 0 IIUMA2.1 PLACE~NTAI. ~-XTRAC~S 

E n z y m e  a c t i v i t y  e x p r e s s e d  a s  m g  P l i b e r a t e d C g  t i s s u e / h  a t  p H  7-5.  

tlydrolysfs ot: 

l:'hcnyl phosphate Adg:tylic acid 
(non.spteific p;losphata~w Oton.sp. #hosphatnse' + 

ctcti'eity) 5-axtclet~ti.daseJ 

5-Ntwl~otf¢las¢ [¢alio 5-nurladidas¢] 
~wn-spcc07c phogph,Jt,tsg 

A v e r a g e :  t .3 3 .9  z,*~ 2 . o  

R a n g e :  0 . 5 - 3 , 0  z . o - 5 . 5  0 .4  5.~ 0 . 3 - 6 . 2  

to luene  and  e thy l  ace ta t e  de s t royed  the  5-nucleotida_se, while auto lys is  in the  presence 
of a few drops  of chloroform did  not  affect it. F rom this it is obv ious  tha t  the  5-nucleo- 
t idase  is de s t royed  dur ing the  first st~p of the  procedure  usual ly  used for the  alkaline 
phospha ta se .  

Differential centr.ilugation 

Table  V I  shows  the  resul ts  of f rac t ionat ing p lacenta l  t issue, and  for 2omparison 
gives those  ob t a ined  b y  NOVlKOFr ¢t al, z2. More than  half t he  ac id  phosplaatase was  
found  in the  cy top lasm.  The mi tochondr ia l  and  microsomal  fract ions each-cort ta in 
x4% while there  was none in the  nuclei.  The ceil debris  con ta ined  on ly  7 % ;  this m a y  
be due  to  ineificier, t washing of the  cell debris.  The  sum of the  act ivi t ies  of the  f ract ions  
was  9 z %  of t ha t  measu red  in the  whole t i ssue homogena te .  

The  alkaline phospha t a sc  was  present  m a i n l y  in the  cy top lasmic  t37% ) and 
mic rosomal  f ract ions  (33%) and mi toehondr ia  t~o o/~ The remainder  was  found  in the  
nuclear  f rac t ion  (7%) and  cell debris  (8°,0). The  high alkaline phospha t a se  ac t i v i t y  

T A B L E  V I  

D I S T R I B U T I O N  O F  P H O S P H A T A S E S  IN P L a C E n T A L  CELL F R A C T I O N S  ( ~ N I T S / g  T I S S U E )  

tl¢id phosph~taxe Alkali~w phosphatase P;rophosphatasc 5-Nuclc~ti'dase 

Units % Un ,t,~ % ~. r,~it.~ Un ~ts Units 

T o t a l  2 . 8  
R e s i d u e  

( c e l l  d e b r i s )  0 .2  
N u c l e a r  f r a c t i o n  o 
M i t o e h o n d r i a  o .  4 
M i e r o g o m e g  0. 4 
C y t o p l a s m  1 .6  

R e c o v e r y  ( % )  

,w 

T o t a l  
N u c l e a r  f r a c t i o n  
M i t o c h o n d r i . - t  
M i c r o s o l n e s  
" S u p e r n a t a n t ' "  

I o o  24  tOO 3 0 . 8  "2_.2 l o o  .5.2 'J.5 100 

7 2 . 0  8 2. 4 O.2 9 0"4 O.8 I 8  
o 1.6 7 I - 7  o o o o . r  2 

14 3 .0  I 3  3 .2  0.22- 9 0 -7  ] .o  "22 
r 4 8 . 0  33  9 . 6  0 . 8  3 6  1.6 i .6  3.5 
.$7 8 .8  37  l o . 8  o . 8  3 6  1-9 I .O 2z  
Oz 08  9 o  9 0  

D i s t r i b u t i o r l  i n  r a t  l i v e r  (NOVtKOFF et al .  a'-) 

9 o - 1  oo  8 5 - - r o  5 8 5 - I o 5  
5 - - [ 0  I O - - I 8  4 0 - - 5 0  

35--4 ° 1 7 - " 0  40--45 
5 ~ 1 o  o - t o  . 5 - ~ o  

3 5 - 5 0  5 .5 -7  ° i o - i  .5 

Re[ere~Jces p .  324 f .725 .  
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of the cytoplasmic fraction m a y  be due to the presence of smaller particles which 
could not be c o m p l e t d y  sedimentvd by the centr i fugal  force available.  

The dis t r ibut ion of pyrophospha tase  is more or less the  same as t ha t  of alkaline 
phosphatase .  One th i rd  of the 5-nucleotidase was in the microsomal  fractioli  and  one 
quar te r  in the mi tochondr ia  and  cytoplasm.  The large a m o u n t  found in the  cell debris 
could account  for the  low con ten t  of the  nuclear  fraction,  

1), ~t'.x'(.:x's ~a finding of :t higher alkaline phosphatasc  in thc mwlci v,-;~ no rlmtbt 
due to con tamina t ion  by  microsomal particles, for AXLV~.v et al. al, using a f loatat ion 
technique for the isolat ion of nuclei, has showrt t ha t  they  are a lmost  devoid of alkal ine 
phospha tase  ac t iv i ty .  

I t  is not , 'lear whe ther  mi toehondr ia  do in tact  have a n y  appreciaMe alkaline 
phosphata_se ac t iv i ty ,  and  this  would be simpler to ascertain if there were no doub t  
concerning the iden t i ty  of the so-called " m i t o c h o n d r i a " .  H m s  et al .  ~~ clearly recognised 
the possibili ty of small  mi tochondr ia  which would sediment  wi th  the microsomal  
fraction.  The results  obta ined  by  them using k idney  of bo th  ra t  and  rabbi t  suggest  
t ha t  the  mi tochondr ia  do in fact  car ry  some phosphatase  ac t iv i ty .  However ,  i t  is clear 
t ha t  the microsomal  f ract ion carries by  far  the  greater  ac t iv i ty .  

D I S C U S S I O N  

The placenta  is a very rich source of enzymes par t i cu la r ly  of alkaline phospha tase .  
There seems li t t le doub t  t ha t  this  high content  of alkaline phospha tase  is formed in the  
placental  t issue itself. W h a t  its role is in the p lacenta  is not  clear, bu t  it m a y  take  pa r t  
in the  exchange of various substances  between mothe r  and  foetus as suggested b y  
Du~rosT. I t s  ac t iv i ty  in the  p lacenta  is comparable  w~th t h a t  in the  intes t inal  mucosa  
a n d  in the kidney,  both  tissues in which act ive t ransfers  are t ak ing  place. The several  
phospha tase  enzymes  m a y  also have  a par t  in the metabol ism of the  p lacenta  itself. 
I t  is hoped tha t  fu r ther  work  on placental  enzymes m a y  yield informat ion  of bo th  
scientific and  clinical value.  
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E F F E C T  O F  I N H I B ! T O R S  ON L Y T I C  E N Z Y M E  S Y N T H E S I S  

BY B A C I L L U S  S U B 2 - I L I S  R 

M. tt .  R I i ' I I M ( ) N I ) *  

Depztrtmenl o/ Biochemistry,  [21~ii'('Fstt.v O[ C~,DJ~hr~dge ((.~J'ea! t~ril~i~z) 

( I Z e c e i v e d  l ) c t o b e r  3f}th, 1o5";I 

.q( ' .MM A I~Y 

8-aza-guanine has been shown to be a potent inhibitor of lytic enzyme s3nathesis 
in B. subtilis R. It.~ action is detectable within 5 mi~l cf addition to the system and 
is complete  before incorporatidrt of the analogue into the R N A  fraction of the celts 
is appreciable. 8-aza-guanine was also found to be a potent inhibitor of genera[ 
protein synthesis  in the cell whether measured by the incorporation of L-~I-~C_'.- 
leueine, L- [z-t4C] phenylalanine, DL- [ I-t~C] alanine or [~tC]gtycine. Cell wall syrtthesis, 
as measured by the incorporation of t,k-[~+C]alanine into the egg-white lysozyme 
sensit ive portion of heat-killed B. sl~btilis R, was not effected significantly by con- 
centrations of the analogue causing inhibition of protein synthesis.  

A method is suggested whereby the amino acid composit ion of sman quantities 
of cell wall may  be determined. 

[N'I 'ROD(" CTI(}N 

It  has been shown previously 1,-* that,  during exponential  growth irt simple synthetic 
media, cultures of Bacillus subtilis R synthesize art cxtracellular lytic enzyme similar 
to egg-white 1Ssozyme. A.~ the extracelhtlar lyric activity at any instant is a constant 
proportion of the total  enzyme act ivity in the culture, the appearance of lyric activity 
in the growth medium may  be used as a memsure of enzyme synthesis.  In the past a 

* P r e s e n t  a d d r e s s :  N a t i o n a l  I n s t i t u t e  for  M e d i c a l  R e s e a r c h ,  T h e  R i d g c , ~ a y ,  Mil l  Hi l l ,  I . o n d o n  
~ W 7 ,  E n g l a n d .  
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