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SUM~{AR.%; 

I. Alkaline phosphatase has been prepared in a highly-puriged corm h-on~ humar: 
placental tissue. 

2. Two methods have been used for extracting the enzym< i.e. the butanol 
extraction procedure of MORTON a~?d the acetone .toluene-et]?y]acet:~!i:e ~<,~tolysis 
procedure of AI.BEI~S. 

3. The specific activity of alkaline phosphatase prepared by the k, ut;~J:io] extrac- 
tion method was I~5o KL',-o-AR51STr, ON¢ units/rag N, and that  prepared by the 
autolysis method was 99 ° units. 

4. The highly concentrated alkaline phosphatase was further purified by paper 
electrophoresJs. The resulting enzyme preparation had a phospha..ase a.cdvity of 
i75o KING-AR~ISTRO);O units/rag N. This was less thai] \vas ca]c.]ated to be present 
on the paper electrophoretic strip. But it was comparable with ~h,.- highest a.cti-:itJe:~ 
obtained by  other workers, when converted to their units by e;~lculatio~?. PIacental 
tissue thus seems to have yielded as highly active a phosphata:se as o~-he~: tbsues 
previously studied. 

5. An a t tempt  to purify alkaline phosphatase with an ior; exeharJge resir~ 
(Dowex-2) was not successful. 

INTRODUCTION 

The preparation and purification of alkaline phosphatase has been th.e subjeci: of 
much investigation. Sources rich in the enzyme have usually been used such as 
kidney, whole intestine, intestinal mucosa, bone (normal and Jickide), ;rod faeces. 
"The methods used vary from simple water extraction followed by precipitation with. 
ethanol and ether£ to autolysis of the tissue with water and ethyl acetate ~ Xollowed 
by fractionation with. acetone '~ and (in other studies, Am'z-lTaDr. ;~x~ KIa-c, ~) b, ,~ 
tryptic digestion and further fractionation. MeRinO_X< 6 introduced butane] extraction 
which he found to disrupt the ]ipoprotein, without denaturing the e~zyme. He 
obtained a highly active preparatioJ~ from both mille and calf intestinal naucosa. 
Preparation and concentration of placental alkaline phosphatase has becm described 
in two previous papers<< Its further purificatiom by fractional pr~.:cipiia'~ion and 
paper electrophoresis, is described here. 

* Prese~at address:  The Genera,] Company for Pha,rmaccu~Joals, S.A.]£., ~d,, Shcl]i ~'~sha Sir.. 
hnmobi l i a  Building, Cairo. 

~i;ochT7~. BioTbkys..~,{ia,, 4o (J96o) 3~o-3:'~; 
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E X P E R I M E N T A L  

Collection and cleaning of placentas 
The placentas were collected from the materni ty ward as fresh as possible. The 

cord and membrane were removed, and the placenta freed from blood before clotting 
occurred: it was otherwise very difficult to get rid of clots and sometimes impossible. 
Perfusion with saline or saline containing heparin was of value only if the placenta 
was quite fresh. The best way to free the placenta of blood is to use a strong jet of 
water, cannulating one artery (or vein) after another until the whole organ is blanched. 
The cleaning of one placenta took about 1. 5 h. Whenever it was not possible to begin 
the isolation and purification procedures immediately, the organ was stored at 
- -  15 ° after cleaning. 

Preparation of aqueous placental extract 

The placenta, cleaned as described above, was cut into small pieces, dried with 
blotting paper and weighed. I t  was then minced in a mechanical mincer, mixed with 
an equal volume of water and homogenized in a waring blender for 2 rain. The 
homogenate was divided into 4 equal parts; one was left untreated, to the second 
an equal volume of butanol was added, the third was treated with IO % of its volume 
of toluene, and to the fourth was added IO % of its volume of toluene-ethyl acetate 
(i:  I). All were stirred continuously for 30 rain at room temperature. A sample of 
each mixture was centrifuged at 2000 rev./min for 15 rain. The enzyme activity was 
determined in the aqueous layers at different pH values, using the phenyl phosphate 
method of KIND AND KING 9 (amino-antipyrine-ferricyanide) and expressing the 
result as KING-ARMSTRONG 1° (K-A)units, i.e. mg phenol liberated in 15 rain. 

The remainder of each of the mixtures was allowed to stand for 24 h at room 
temperature, and the enzyme activity then determined at the optimum alkaline pH. 
(The acid phosphatase was destroyed in all the mixtures except that  containing 
only water.) Liberation of alkaline phosphatase in the solution was best with butanol, 
whether the tests were performed immediately or after 24 h. Results are shown in 
Table I. 

Other organic solvents were compared with butanol for their efficiency in 

T A B L E  I 

ENZYME ACTIVITY AT DIFFERENT p I ~  VALUES OF PLACENTAL EXTRACTS 
PREPARED BY DIFFERENT METHODS 

Enzyme 

Enzyme activity in KING-ARMSTRONG units/g wet tissue in extracts separated 
(and at 24 h) 

at 30 rain 

pH 3.6 5 5 .6 6.5 7.4 8.4 9.4 9.7 zo xo. 5 

F r e s h  w a t e r  e x t r a c t  

B u t a n o l  e x t r a c t  

T o l u e n e  e x t r a c t  

T o l u e n e  + e t h y l  a c e t a t e  
e x t r a c t  

o 3 2 o 5 7 35 48 6o  57 

(59) 
o o o o 3 I I  62 85 lO7  lO 3 

(lO5) 
o o o o i 6 34 44 56  54 

(60) 

o o o o 3 8 20 30 4 ° 38 
(50) 

B i o c h i m .  B i o p h y s .  A c t a ,  4 ° (196o) 3 2 0 - 3 2 8  
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bringing alkaline phosphatase into solution. They  are as fo]]ows and the re]at~ve 
activities of their extract,  compared with butanol, are given as numbersin parep, th¢~ses : 
butanol (I), amy] aicoho] (o.8), isopropyl ether (0.7), toluene (07), v.:atcT aJoi le  (o.7) ~ 

toluene - -  ethy] acetate (o.6), ca ,bon tetraehloride (0.5) , cychlohex;~noi (0.5) , chk>ro-- 
form (0.4), propanol (o.2). TI~e res~.~lts emphasize ~:he superiorit3~ ~>f butamol. 

Compariso~, of  ALB>-:~S ~ at~o@sis meth, od ~/t]~, MoI{TON'$ b~,:ta..J~o,~ .>:tya,:;:~io'~ :~;~:hod 

ALBER8' autolysis m,~<t/zc:d 

Extractio:z of  c~Z3:~ze: Tl',e mixed clean placentas were homogel~ir,.ed with a-:~ 
equal volume of water fo17 2 rain. Pure acetone was added slow)y >vit]~, contJnuou.s 
stirring until a final concentration, of 25 % was obtained. Tol;ene-e{]>~] ace~:atc 
mixture ( I ' 1 )  was then added (Io 3~,). The wh.ole r~beture was tt~oro~gh]3; stirred 
for I h and then al]ov,:ed to s tand at room temperature for .3 da):s wbth occasions! 
stirring. The mixture was squeezed through muslin, and centrifuged at 2o.:_'o rev./mi.r) 
for 30 rain. If  tile supernatant  solution was turbid, 9: was IS]tared d;rc,:igh J~ted  
filter p a p e r  The speci~c pt~osph.atase act ivi ty at this stage ranged fron ~_ 5) % ~-3 I*(,-A 
units/rag N. The clear aqueous solution showed no precipitate -.:ehen ad{usted to 
p H  4-9 with acetic acid. I t  was brought  to ][)HI 6. 5 v, ith NaOYL 

Fmctio~zatio.t, "~::i~h ace/.o~e: The enz, yme soiulion was chiJ]ed I o  ---5 °, and acetone 
at the same tempe aiure added to a final concentratio~ of 55 %. .b r i e r  30 rain aL 
- - 5  °, the solution was centrifuged a.nd the precipitate washed 25 ~:ime~ with cold 
acetone and dried m~de_r vacuum over CaC]~. The c~mde acei:o;~e -powder >,as t]~,us 
collected from i6 ptace~?tas. The specifc ac thd ty  of the powd-r  >:a:< 8o ]<-A units/rag 
N. At tempts  at further purification with acetone ,:,:ere no[ successful. 

Ammom).:m, s~iJ)/,a~e .fi'acfio~¢ati°~" A 2 o//o sol'4tion of tl~e e~:]zvme.. ~)owdeJ. v,:a.s 
prepared, any insoluble materia] beb.g removed !)v centrih~gatiom 7o  ::])e clear 
solution (NH~)~SO~ powder (previons]y finely ground) was added >.r_..Li] 0.4 saturation 
was obtained, i.he formula ,of KI)b-ITZ I1 being nr~.ed to calc~la',:e ti~e ;:l>ount of 
(NH,~) zSO~. The predpii;ate was ceJ~trifuged off and discarded. To the clear s~pernata ,n  
more (NH~)~SO~ was added to ;:aJse its concentration, t:o 0.5 sat~ratJon. The precipitate 
formed was separated by  centrifugation, dissolved in water, and dia]ysed in a 
cellophane bag against running tap water overnight and tl~e~ ~:.gah>¢: frequent 
changes of distilled : : a te>  The specific act ivi ty of the enzyme sol~Jtion, was now 
225 units/rag N. 

Refmctiona~io:s ze:r2h aceto:¢e: The pH of the enzyme solutio~ was adjs:-tc.d to 
6.2 with dilute acetic acid. The solution was chilled and aceto:~e added to 35 %. 
The small precipitate was removed and more acetone added to 50 % The precipitate 
was centrifuged, washed with chilled acetone and dried under ", acuum os,er CaCt> 
This powder had a specific activi ty of 55o K--A m~its/mg N. 

Refractionatio',: with acetone between 35 and 45 % gay<-, .'.,~ preparation of 
99 ° units/rag N. No further purificatio~ could be achieved by  {urth,er re{ractionation 
with acetone, 

MORTON'S bu~a~,ot ~ethod 

Co~ditio~s .fo~" b~e.ta~ml e:~tractio~s: The effectiveness of es,:tractio~ is h:~fluenced 
by  th.e amount  of b~tano] used: ~.5 ml/g is the minimum favolarable a m o u n t  [ t  is 

i.O>~d, im. Hio/'~/)y<:. A,:F<; 40 (~96o 3:zo-3~8 
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necessary to stir vigorously for at least half an hour in order to obtain the thorough 
emulsification necessary for an enzyme-rich aqueous layer. Warming the butanol 
emulsion to 35 ° for 5 min before centrifuging was found very effective in causing tile 
colloidal particles to coalesce, so that  a clear aqueous layer was obtained after 
centrifuging. This t reatment  did not affect the enzyme activity. 

The optimum pH for both the extraction of the enzyme and for its maintenance 
was 6.5- In tile presence of butanol the enzyme solution was stable in the cold room 
( +  5 °) for about 7 days. Inactive protein can best be precipitated at pH 4.9. Acetone 
precipitation of enzyme-rich material is best carried out at - - 5  ° at pH 6.5. 

Preparation of enzyme extract with butanol: One or more placentas were cleaned, 
weighed, cut into small pieces, minced and homogenized with an equal volume of 
water for 2 min. The pH was adjusted to 6.5 with N acetic acid, Butanol (1.5 ml/g 
placenta) was added gradually with continuous vigorous mechanical stirring for at 
least 30 rain. The homogenate became cream-coloured and well emulsified. I t  was 
squeezed through muslin, and heated in a water bath to 35 ° for 5 min, when it was 
poured quickly into previously cooled 250 ml cups and centrifuged for 45 rain at 
18oo rev./min at - - 4  °. The mixture separated into four layers, i.e. a heavy precipitate, 
a clear yellowish aqueous zone, over-laid by light particles, and a surface layer of 
excess butanol containing dissolved material. The aqueous layer was sucked off 
carefully, but it was not usually obtained free from some suspended material. I t  was 
therefore filtered through a thick layer of Hyflo supercel on Whatman No. I filter 
paper on IOO ml Buchner funnels. The filtration did not affect the enzyme activity, 
which was 15 K-A units/rag N at this stage. 

Acidification of aqueous extract: The solution was brought to pH 4.9 by the 
careful addition of dilute acetic acid. I t  turned cloudy and was left at room temperature 
for 30 min to allow for complete precipitation of inactive material. The precipitate 
was removed by filtration. (There was no loss of enzyme activity during filtration.) 
The clear filtrate was adjusted to pH 6.5 with o.I N NaOH. The specific activity was 
now 4 ° K-A units/rag N. 

Fractional precipitation with acetone: The enzyme solution was cooled to - - I  ° 
and chilled acetone ( - -5  °) was added carefully with continuous stirring to 30 %, 
maintaining the temperature at - - o  °. After I h at - - 5  ° the solution was centrifuged 
at 18oo rev./min for 20 rain. The supernatant (still at - - 5  °) was treated with more 
chilled acetone to 40 %. The precipitate was allowed to settle and then centrifuged, 
and washed thrice with chilled acetone. The powder was dried in vacuo over CaC12, 
and stored at - -15  ° . Several batches of placentas, 36 in all, were worked up in this 
way. The pooled acetone-dried powder had a specific activity of 135 K-A units/rag N. 
Further fractionation with acetone was unprofitable at this stage. 

Fractional precipitation with ammonium sulphate: A 2 % solution of the enzyme 
powder was prepared, any insoluble material being removed by centrifugation. 
Powdered (NH4) ~SO~ was added to 0. 4 saturation, a precipitate removed and discarded 
and more (NH4)~SO 4 added to 0.5 saturation. The precipitate was separated by 
centrifugation, dissolved in water, and dialysed in a cellophane bag against running 
tap water overnight and then against distilled water. The specific activity of the 
enzyme solution was 475 units/mg N. 

Refractionation with acetone: The enzyme solution was adjusted with 0.05 N 
NaOH to pH 6.2, cooled and treated with acetone. The fraction obtained between 

Biochim. Biophys. Acla, 4 ° (I96o) 32o 3~8 
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"]'ABLE i I  

GNZ%"TdJaD A C T I V I T W  D3" D I F F G R G 2 ~ T  STF.]?S O F  P U R I F I C , ;  _iO],"a 

O F  P L A C I g . N ' T A L  A L I K A L I N ] £  ~ P H O S P H A T A S Y "  

dL~'occduru Toga ¢ ~ {gs * ]~Teld ./, ; o  a U~nT':*'~;: ~. i': ( ~ g )  

A L B E R S '  a~41oZysi ,g  ~ * z g l f i o d  

Original homogenate 
Aqueous extra,c~ 
Filtered auto]ysa.tn 
Acetone fractiona,tJon 
Ammonium sulphate 0actionation o. 4 o. 5 
Acetone h:actiona.tion (35--5 o o~) 
Acetone refractionation (35 45 <;;~) 

MORTON'S bz¢(a~o/. ~elleod 
Original homoge~mte 
Aqueous extract 
Butanol aqueous layer 
Butanol aqueous ]axe: after acidJi]cation 
Acetone fractiona,tion (3o-4o%) 
Ammonium sulphate fractJonation o.4-o. 5 
Acetone refractionatio>, (35- 45%,',) 

9 c 3 3 o o 
75 .~ o 83 
7 o :: o 7 
;35 z:~5 39 
;-~O 23 ~,'.3 2 2  

z O0o : 3 

l 

J 90 3 ~ oo 

7 0  ~ 6 ~$9 

J 5 0  ~ 35 79 
8 o ,~ 7' 5 ~ 2 
55 ~ ~ 5o r ; 

* Units = ](I~o-AR,~,~m;:RONO UnitS. 

1 e . . . .  35 and  45 % was  c o h e c t . d ,  w a s h e d  ca re fu l ly  th r ice  w i t h  c o l d  acclToJ~(" a~.d dried 

in vac.o over  CaC12. T h e  specific a c t i v i t y  of t he  p o w d e r  was n o w  ~J:5o K-A m~il-s,"mg N. 

F u r t h e r  r e f r ac t i ona t i on  d id  n o t  increase  t he  specific a c t i v i t y ;  r,.or did f r e a t m e n t  

w i t h  a c t i v a t e d  charcoal .  

Tab l e  I I  shows the  resu l t s  of t h e  a t t e m p t e d  pur i f ica t ion  by boi:h ~:]?e A~.s~sses 

and  MORTON- me thods .  

P~rlficatio~. by paber declr@hore.;is 

LEvY AN> M.\ZL,'P a c h i e v e d  a th ree - fo ld  increase  in a c t i v i i y  of r<mai a]kalin< 

p h o s p h a t a s e  b y  pape r  e lec t rophores is .  E l o n g a t e d  i racks  were  ob ta ined ,  and 1he 

e n z y m e  was  on ly  p a r t i a l l y  s epa ra t ed  f rom a c c o m p a n y i n g  pro te in .  ROcJ~F..,tt;J~ 
BOUCHILLOUX la e l ec t rophoresed  in tes t ina l  phospha t a se ,  which ~epara ted  ln~o th ree  

c o m p o n e n t s  on ly  one  of which was ac t ive .  ]o)AMANN AND TIETZ 1~ ¢]7]l)]oyect con~,:i]3110n. < 

e Iec t rophores i s  successfu l ly  for t he  separa t ion  of ]ipase. 
A]Sparal~,s: The  e lee t rophores i s  boxes  used  were  s imi lar  to those  descr ibed  by 

GRASSMAN AND }-{ANNIG ls a n d  193, TISELIUS AND F]ODIN 16. The  f i l ter  pape.r M.rips 

were  of W h a t m a n  No. s, and  were  28 ;< 4 cm. 
Reage~ts: The  buffer  was  p h o s p h a t e  of p H  8 . 0  The  staJnfim- sohatio~, war: a . ,  

l i s samine  green in r 5 %;% ace t ic  acid.  T h e  wash ing  so lu t ion  was .~e. % acet ic  ;~dd, F o r  

oil ing, a. m i x t u r e  was m a d e  of 34 m] l iquid  pa.raNn,  17 ml  bron~olmphtha]ene ,  ; o  rnl 
xy Iene  and I m] sorbi to l  monoo lea t e .  In o rder  to reveal  t he  preset?on el! the  alkalb~e 
p h o s p h a t a s e  on the  l i t e r  paper ,  a sp r ay ing  so lu t ion  was  m a d e  of o.ox 31 j>-nitroplnen 3 ] 
p h o s p h a t e  in o . i  M sod ium c a r b o n a t e - b i c a r b o n a t e  buffer  ~v (~ :r)  of p H  9.9. This  
solut ion was  p repa red  in small  a m o u n t s  and  k e p t  ]n the refrigorai.or.  

3Iethod: The  e n z y m e  p r e p a r a t i o n  of specific a c t i v i t y  sx5o K - A  uni t s / rag  N was  
used,  5 ° m g  were  d i ~ o l v e d  in z ml dis t i l led wa te r .  The  0]ter  p a p e r  was i~omersed 
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in the buffer, spread over a glass sheet and blotted lightly with dry filter paper, and 
then applied to the holder. 0.02 ml of the enzyme solution was run on to the edge 
of a glass slide, which was then applied across the strip about 9 cm from the cathodic 
end. A second strip was similarly treated, and the holder with its two strips placed 
in the apparatus. Care was taken that the horizontal part of the filter paper was well 
stretched and that the vertical parts dipped in the buffers were of equal length. 

Six boxes were used at a time, thus running 12 strips simultaneously. After 
20 rain to attain equilibration, the current was switched on and maintained for 16 h 
(i.e. overnight). 

One strip was dried at 95 ° for 20 rain, stained with lissamine green for 15 rain, 
washed in 2 % acetic acid until excess dye was removed, and finally dried at 95 ° for 
IO rain. I t  was then oiled and allowed to stand upright on a filter paper sheet to 
drain. After 20 rain it was scanned in the automatic recording densitometer of 
LAURENCE ls using a narrow-cut red light filter (Ilford 205) combined with a neutral 
filter of density 0. 5 (cf. Fig. 2). 

Another strip was left at room temperature until almost dry and then in a 37 ° 
oven until quite dry. It  was sprayed lightly with p-nitrophenyl phosphate solution. 
A yellow band appeared almost immediately, due to the p-nitropheno] liberated at 
the site where the phosphatase activity resided. Having thus identified the segment 
of the filter paper on which the phosphatase activity appeared, the corresponding 
segments in the remaining ten sheets were cut out and collected. They were stored 
in a jar in the deep freeze. The operation was repeated with twelve more papers. 

Elution: A Whatman No. I filter paper (28 × 4 cm) was folded double, and the 
closed end trimmed so as to form a blunt wedge, a triangle (I.5 × 3-4 cm) being cut 
from either side of the folded end (see Fig. i*). The effect of this was to leave a blunt 

F~ ~pFIlterpq°er~ 
e r s p e x  

Thick - -  
f i l te r  
l o p e r  

SIDE VIEW 

Fi l ter 

7 

END VIEW 

Thick filter paper 

'1 ~-p°csp° x 

IN VER TED 

e_ 

Fig. i. Elut ion of phosphatase  from segments  of electrophoretic filter-paper. A, elution from 
segments  into t ip of folded wedge-shaped paper  strip ; B, elution from tip of the wedge into water. 

* The appara tus  used to elute the electrophoretic str ips was a modification of one used by  
our colleague, Dr. J. L. REIS, to whom we are grateful. I t  was found desirable to use a folded 
tip because a large amoun t  of material  could then be t ransferred during one operation. A single 
t ip proved to be too th in  and insufficiently rigid. Drying of the t ip would occur if the t ransfer  
were carried out  at  room temperature ,  bu t  was avoided by  conducting the operat ion ill the 
refrigerator. This appara tus  and procedure are very efficient for dealing wi th  small  volumes of 
solution, and nearly ioo % recoveries Call be obtained. 

Biochim. Biophys. Acta, 4 ° (196o) 32o-328 
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tip of I Clrl in width. The segments of filter paper (2e) contair&~g i:he ~ :z?:mical]y 
active material were placed between the fold in. two adjacent lot< about: <me-d~ird 
of the distance from the opera end of the folded strip. A thick fii{.er paper .~,trip wa,~ 
now placed in contact  and in between the folded ~]ter strip. Th,, ot]-~er end of the 
thick fi.lter paper was intended to dip into a vesse! containing disii]ied w~tcr. A strip 
of t ransparent  plastic (perspex, 8 cm ;, 4-5 cm), was p]aced on eacf~ side (of '<he' above 
arrangement,  and the two h.eld togetl~er by two sto~.~i: rubber ]>r~ds. The >~s.~,embly 
was held in a upright position, the thick paper dipping i~to a beaker of dJst~]icd water. 
with the ends of the ~,.wo plastic strips just clearing its surface. T~?e wedge sh~ped 
upper end of the folded strip, projecting in a vertical position, slowly became saturated 
with the enzymically most  active material, which was eluted fi:o~ ~:he ~_~ pieces of 
filter paper used for electrophoresis contah~ed bet-..een the fo]ded st:rip a.'zd which 
passed slowly up the strip by osmosis to concentrate b its tip. Ti~.~: wi~ole procedure 
was carried out in the cold room overnight. After 16 h the a.ssemblv ~.~as inverted, 
the filter paper wick ]Dent over to dip into a fresh beaker of water, arid a~?oi:her smaD 
beaker without water placed below the wedge-shaped end of the folded ~<?:ip, >_o<, ~ 
in the bo t tom position. The enzymica]]y active material in the tip ;row <:luted iJoto 
the small bo t tom beaker, as water passed slowly up o~,.er and down !:]:e i.]~ic]; paper 
strip, through the folded paper to Ks tip and dripped into the smal] i)eaker. The v<,iume 
of the eluate was usually about  r ml. 

Dialysis 

The elnate contained besides ~.he enzyme a coJ~siderable amom<~L of buyer  ~m]ts. 
These were eliminated by dialysmg the eluate again.st distilled water iL, !:he refrigerator 
overnight. The cellophane bag containing the elnate was filled ::o as to contah~ ~,~a 
vacant  space. 

The specific act ivi ty of this isolated purified enzyme was ~75c~ K.-A u.nits/mg N. 
On paper electrophoresis, it now gave only a single band, and ~1~i~ v,-a.s i~? the same 
position. Mlether  stained with lissamine green or vcith ~-nitrophenyi pho:-:p?~,ate. 

A ctivily 

If  we convert  the act ivi ty  of our preparat ion ot I75o K-A ur~%~ io 7vlo>To>: nnits 
by  mult iplying by 57 (lhe average conversion figure for placental phosphatase in 
o m  hands) we get a specific act ivi ty  of 99,75 o Morton units/rag N. This is. more tha~'~ 
MORTON'S highest act ivi ty (83,530) and more than double tha~ of ROCTeE c~ aL a>'. 
But  such. conversions are unreliable, and the most  tha t  can be said i~, tha i  we appear  
to have obtained a highly-active placental alkaihle phosphatase whose activity 
seems to he about  tha t  of the most active alkaline phosphatases pre~ iously prepared. 
When run in veronal buffer pH 8.6 and phosphate buffer DH ~, it ~a. ~, e]ectro- 
phoretically homogeneous, bu t  the only sense in which it could be ciaim~d to be 
"pure"  is tha t  it seemed to be free of extraneous protein 

Fig. 2 shows the proportion of the total, before elution, which was enzymicalty 
active, <e. tha t  which stained yellow with ?b-nitrophenyl phosphate. I t  w~s 22 % of 

o /  the whole ]issamine green-stained protein area. In  another preparat ion ii ~,a.s 2> .o. 
If  it be assumed that  this area corresponds to the pure enzyme, then it ;vo!Jd have 
a specific act ivi ty ot about  4,6oo units/rag N, since the enzyme solution used in the 
e]ectrophoresis had a. specific activi ty of I,IhO units. The specific act ivi ty o.{ !:he eh~ted 

Biocl, im. Biophys. .4cla, 40 0960) 320 3:'8 
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Fig. 2. Tracing of electrophoretic filter paper strip 
of purified phosphatase (i 15o units/mg N) before 
elution. , total protein stained with liss- 
amine-green; hatched area, phosphatase stained 

with p-nitrophenyl phosphate. 

purified enzyme (1,75o units) was therefore much less than the amount conjectured 
from the assumption that the shaded area represented pure phosphatase. The dis- 
crepancy could be due to the conjecture being wrong or to a loss of enzyme activity 
in the elution and dialysis processes. Exposure of the enzyme to an alkaline pH for 
16 h at room temperature may well have destroyed some of it. There may also have 
been a loss during the elution and dialysis, though these were carried out in the re- 
frigerator and at approximate neutrality. Also, there may have been a loss of some 
co-factor, though there is no indication of this (compare ref. 8). Similar losses were 
experienced by ROCHE AND BOUCHILLOUX is who found that the specific activity 
of the active protein which they eluted after electrophoresis of intestinal phosphatase 
was less than the calculated one. CARLSON 20 used a vertical starch column for the 
electrophoretic purification of alkaline phosphatase. He found all the enzyme activity 
in a moving protein component which was 3 2 % of the total protein. This should 
have given him a 3-fold enrichment of the enzyme, but his isolated phosphatase 
was only twice as active. Continuous electrophoresis might be a more profitable 
procedure to obtain further purification of alkaline phosphatase. 

Ion exchange 

BOMAN ~1 used a Dowex-5o to purify crude prostatic acid phosphatase 6o-fold. 
BOMAN AND WESTLUND 22 separated alkaline phosphatase from acid phosphatase in 
human serum with Dowex-2. They also reported a 20o-fold purification of red cell 
acid phosphatase. In a personal communication, Dr. BOMAN advised us to use 
Dowex-2 in trying to purify placental alkaline phosphatase. 

The apparatus used was a column 2o × 2 cm contained in a glass tube with a 
tap at its lower end. The lower end of the column was filled with glass wool. The 
column received a preliminary treatment with N NaC1, which served to convert 
it to the chloride form. 

Tris buffer was used at pH 7.2, and at strengths 0.02, o.i, 0.2 and 0. 4 M. 
Method: A purified enzyme powder, prepared by the butanol extraction procedure, 

was used. I t  had a specific activity of 13o K-A units/rag N. 0.I g was dissolved in 
2 ml Tris buffer (0.02 M) and the solution centrifuged. The clear supernatant was 
collected and applied to the top of the column (which had been previously washed 
through with 0.02 M Tris buffer). The column was treated successively with step-wise 
increases of molarity of buffer solution (0.02, o.I, o2., 0.4 and I M). Fractions were 
collected every half-hour with an automatic fraction collector. The volume of each 
fraction was about 2.5 ml. The enzyme activity was determined in each fraction, and 
the total amount of protein by measuring the extinction at 280 m/, ill I-cm cells in 
a Beckman DU spectrophotometer. 

Result: Fig. 3 shows the results obtained. One curve represents the phosphatase 
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activity, the other the extinction at 28o raft..%'lost of the enzyme was e]uted with t}~c 
o.4 M buffer. The extinctio~ values showed tha t  there are at least ~wo 7nactive peaks 
in the solution. The recovery of the enzyme was about  5o %, and Jl:s spedflc act ivi ty 
increased from an initial ~3 o units to ~3 o units/rag N. The protc'Jn ;~rea ~.,~de,'.- the 
phosphatase act ivi ty  peak is about  ~o 3 % of the total. So one would expect a specific 
act ivi ty  of about  57o units/rag N. Some Ioss of act ivi ty  appears, t]':,~ rcfor¢: ,  t,:O have 
taken place, as in the case of paper electrophoresis. 

A further  experiment was can  ied out  with the highly-pnrit]ed e~zyme of ~,~5o 
units/rag N, but  no further increase of act ivi ty  could be obtained. 
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