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SUMMARY 

Human placental acid phosphatase III  has been purified 5ooo-fold from the 
crude tissue homogenate by a combination of gel filtration and ion-exchange chro- 
matography. The resultant material had a specific activity of IO international units 
p-nitrophenyl phosphate phosphatase activity per mg protein at 37", and a pH 
optimum of 5.2-5.3 in sodium citrate. In sodium acetate buffer the pH curve was 
flattened and its optimum shifted to pH 4.8-5.0. Addition of 6-ethylmercaptopurine 
to the reaction mixture greatly stimulated the hydrolysis of p-nitrophenyl phosphate 
without further changing the pH curve. Purified enzyme I I l  is moderately sensitive 
to gluteraldehyde and extremely sensitive to inactivation by heavy metal ions. These 
and other physico chemical properties of this enzyme are discussed in relation to 
difficulties in its histochemical visualization, possible uniqueness in human tissue, 
and similarities to an enzyme found in rabbit heterophil leukocytes. 

I NTRODUCTION 

The human placenta from early gestation through term contains three chro- 
matographically distinct acid phosphohydrolases having pH maxima between 4 and 
5.8. These enzymes, which have been termed I, II and III, are largely solubilized by 
homogenizing placental villus tissue in isotonic sucrose, and are easily separable on 
the basis of their molecular size 1. Enzymes I and II display broad although different 
substrate specificities consistent with the general classification of orthophosphoric 
monoester phosphohydrolases (EC 3.1.3.2), while enzyme III, an apparently non- 
lysosomal form, was found to hydrolyze relatively few of the common phosphate 
esters. Thus, it was felt that enzyme III  perhaps should not properly be considered 
as one of the above class of enzymesZ Among other unique properties of this enzyme, 
we have previously reported a remarkable hydrolytic activity toward certain steroid 
phosphates such as estradiol-3-phosphate, as well as a several fold stimulation of p- 
nitrophenyl phosphate hydrolysis in the presence of N<substituted purines'a, 3. The 

A b b r e v i a t i o n :  TIES, s o d i u m  N - t r i s ( h y d r o x y m e t h y l ) m e t h y l - 2 - a m i n o e t h a n e s u l f o n a t e .  
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present  communica t ion  describes a par t ia l  (5ooo-fl~ld) purif icat ion procedure  fl>r 
e l ]ZVUle  I I I  from human  t e rm p lacentas  as well as some kinet ie  s tudies with the 
purified prepara t ion .  An abb rev ia t ed  repor t  of  this  work has been presented elsc- 
where <l. 

EXI'F.1IlMI(NTAI. PRO(;E1)URE AND RI,ISUI.TS 

SohlDili:atio~ of c~.:'vmc 
Fresh te rm placentas  were perfused throu<~h the umbi l ica l  vein with I I ()i 

iee-cokl o.q",, NaC1 to wash out  the  fetal  blood, %llowed by dissection of about  ioo ,~ 
~)f p r edominan t ly  villus t issue from those areas b lanched by the perfusi<m. The tissue 
was then briefly washed with <'old (~.25 M aqueous sucrose and homogenized with 
2oo ml of this s~,lution for 2 rain in a \Vat)r ig- type blender at high speed. The li~lll)(i- 
genate  was centr i fuged twice, once ;it 6oo < ~,, l])r 15 rain to rel]love the bulk ~,f 
insoluble mater ia l ,  and again at  Io  5 ~)oo , g for 4o nfin. 

('Dromalogra/)D 3' on Sc/$hadcx (;-75 
"Hie ent ire high speed sut)ernatant was appl ied to a 5 cm • 85 em c~lunm ~1 

Seli lmdex (i-75 {4 o I2o imp) equ i l ib ra ted  with o.{}I M s{idium X-tr is(hydr~}xynwthyl)-  
methyl -2  aminoethanesul fona te ,  o.ooI M EI)TA,  pH 7.o (TES KI)TA buffer). This 
c¢lluml~, ~pera ted  at  4 <~' at  a flow rate  of i 2 ml/min,  effectively separa ted  t>h¢lspliatases 
1 and I I from phospha tase  I I I ,  the  l a t t e r  being eluted just  behind a reddish-c¢~|ored 
t)rotein baud which serves as a convenient  marker. 2.5-ml l raet ions were ecdlected 
and assaved at  37 <. as previous ly  descr ibed using/5-ni t rot)henyl  phosphate  i , 7tlld those 
c(mtaining ill,ire than  Io nmni t s /ml  enzxme a c t i v i t \  were pooled. ( 'oncentrati<)n of 
the pooled fractions ,,','as effected by  adding  6o g of solid (NHI)~S(), l (Mann, tq/zvi/]t' 
grade) t<) every IOO ml of prote in  s(ilution, swirling to dissolve the salt,  and alh~win~ 
the protein to p rec ip i ta te  overnight  in the  cold. The 1)recipitate, ('ontainin<~ all (>l- 
the enzyme,  \vas centr i fuged at  5oo . y fi)r 3o rain and redissolved in 5 Io ml of 
TES  I : I )TA buffer for t e m p o r a r y  st(~rage at  4<'. ; \bou t  15 2o units  of enzyme a c t i v i t \  
are comn~onh- recovered at  this  stage. The ent ire  procedure  is then repea ted  3 or 
4 t i m e s  t<> a c c u m u l a t e  5 ° 75 uni ts  f,)r the  next  step. 

Chromato~rapl 9' o~z DEAE-S@hadc:v 
This ion exchanger  was ol) tained from the Sigma Chemical Co. (A-5o, coarse) 

and  washed with o. 5 M NaOH,  water ,  and  then ()-5 M HCI before ad jus t ing  to td t  7.(,. 
The washed gel was equ i l ib ra ted  with o.05 M Tris chloride, o.ooI M I;.I)TA (pH 7.o 
at  25 ), and packed  in a 2.5-cm colulnn to a depth  of" 30 era. Tl~e concen t ra ted  enzyme 
solution from the Sephadex  G-75 column was submi t t ed  to lmffer exchange with the 
ab<we Tris EI )TA buffer on a column of Biogel P-(> (5 ° I5O mesh) prior  to adsorpt ion  
on I)l{Al~;-Sephadex at  4 L Al te r  app ly ing  the enzyme,  the D F A K - S e p h a d e x  eohmm 
was washed with 15o ml of Tris  EI) ' I 'A c<mtaining o.2 M KC1, and the enzyme wa> 
then e lu ted  by  raising the  KC1 c(>ncentration to o.6 M. The fraeti<ms c{mtaining 
enzyme were pooled, concen t ra ted  by  (NH4)~.qO 4 precipi ta t ion,  then submi t t ed  t() 
buffer exehange on Biogel P-6 with TES EI )TA.  pH 7.o. The use of o ther  salts, such 
as (NH~)2S() I or NaC1, for elution of the enzyme from DI(A E-Sephadex  resul ted in loss 
~>1 aetivit \" and  enzyme ins tab i l i ty  on s tanding.  However,  when eluted with KC/ the 
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enzyme was found to be s table in cold solution for several  weeks and could be t)r~ ' 
c ip i ta ted  with (NH4)2S() ~ t))r even greater  s tabi l i ty .  The enzyme is also s t a b l ,  i~i 
o.05 3I sodium ci trate ,  pH 4.3, for at least several  days.  

Chromatography on CM-Scphadcx 
I t  is essent ial  t ha t  this  gel be precycled by  s t i r r ing for a t  least  4 h with 0. 5 M 

HC1, washed well, t r ea t ed  for an equal  t ime with o.5 NaOH,  and then washed ex- 
haus t ive ly  with deionized wa te r  before ad ju s tme n t  of p H  and buffer equi l ibrat ion.  
Fai lure  to adhere  to this  regimen has been tound to result  in i r revers ible  toss of a lmost  
all of  the  enzyme ac t iv i ty  on appl ica t ion  to the  gel. Af ter  washing, the  CM-Sephadex 
was ad jus t ed  to p H  b.5 and equi l ib ra ted  with T E S - E D T A  (pH 6. 5 at  25'-'). The g~'l 
was then packed  into a 2 cm . 2o cm column which was opera ted  at  4': at  a f l ow  
ra te  of  about  0.5 ml/min.  3o-.5o units  of enzyme ac t iv i ty  in about  15 ml of TES 
EDTA,  p H  6. 5, was app l ied  to this column and e luted wi thout  de lay  with 25 ml of 
the  same buffer conta in ing o.2 M KCI. A peak enzyme specific ac t i v i t y  of about  Io  
un i t s /mg protein  was commonly  ob ta ined  in the  eluent.  Pro te in  was de te rmined  by 
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Fig. i. Chromatography of placental phosphatase I l l  on CM-Sephadex. In this experiment, 
32 units of enzyme were placed on a r.6 cm >~ 2o cnl column and the eluent collected in approxi- 
mately 5-ml fractions. KCl (o.2 M) was added to the buffer where indicated, and 26 units of 
activity were recovered with a peak specific activity of 8. See text for further details. 

the  me thod  of LOWRY et al. ~, using crys ta l l ine  bovine serum a lbumin  as a s tandard .  
A typ ica l  e lut ion pa t t e rn  from CM-Sephadex is i l lus t ra ted  in Fig. I.  In  this  Case 81% 
of the  enzyme was recovered,  and  the bulk of this  (70%) was e lu ted  with  the  KC1. 
In some exper iments  we have found t ha t  a g rea te r  port ion,  somet imes  as much as 
half, of  the  enzyme will fail to adhere  to the gel and  elute with the  inact ive  protein  
peak.  Occas ional ly  in o ther  exper iments  more than  9o % of  the enzyme has been lost 
in this  step, p r e sumab ly  b y  i r revers ible  adsorp t ion  to the  ion exchanger .  We feel 
t ha t  both  of  these problems can be c i rcumvented  by  proper  washing and recycl ing 
of the  gel pr ior  to use. 

A s u m m a r y  of  the  ind iv idua l  purif icat ion s teps and the  resu l tan t  average 
specific enzyme act iv i t ies  is p resented  in Table  I. An overal l  purif icat ion factor  of  
5ooo was achieved s ta r t ing  from the low speed supe rna t an t  and  assuming tha t  the  
enzyme is comple te ly  solubi l ized;  the  procedure  yields a IOOO-fold purif icat ion from 
the high speed superna tan t .  The  enzyme of  specific ac t iv i ty  IO e luted from the CM 
column is uns tab le  in the  d u r i n g  buffer solution, losing ac t iv i ty  over  a per iod of a 
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~ee t e x t  for  de t a i l s  of  t he  i n d i v i d u a l  p r o c { ' d u r e s .  

l )roccctmc Speci f ic  ocli?,ilv 
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1)1~2 \ l ' ; -%ephadex  l .o 8o {}{} 
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few weeks when stored either at 4 or frozen. \Ve have so far been unsuccessful in 
our attempts to stabilize it at this point by addition of SH compounds, (NH0.,S() p 
by precipitation or lyophil ization.  

Kim#ic experiments with the partially pur~Jied ctzzvmc 
pH studies. Using a relatively crude preparation of enzyme 1II, we have 

previously reported ~ a pH optimum of 5-5 for p-nitrophenyl phosphate hydrolysis in 
sodium citrate buffer. With our present purified material we find a sharper pH 
opt imum which is closer to 5.2 or 5.3, using saturating concentrations of this sut)- 
strate in the same buffer, as il lustrated by the curve in l;ig. 2. \Vhen the reaction is 
carried out in o . io  M sodium acetate buffer as in Fig. 3 A, a substantial ly  flattened-out 
curve is obtained with peak activity between pH 4.8 and 5.o. The mechanism of 
displacement of the pH curve by acetate ion is not clear in this case, although anion- 
induced displacements have been reported s. As mentioned previously, the hvdrolxsis 
rate of p-nitrophenyl phosphate by enzyme I II is stimulated several fold by N '; 
substituted purines. That this stimulation is not accompanied by a pH shift is 
demonstrated by a comparison of ('urves A and B in Fig. 3. 
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]"ix z. p H  a c t i v i t y  c u r v e  in c i t r a t e .  T h e  e n z y m e  was  i n c u b a t e d  in o.o 5 ) , I  s o d i u m  c i t r a t e  1)triter 
in t he  p r e s e n c e  o f  s a t u r a t i n g  (o.oo0 M) c o n c e n t r a t i o n s  o f / ~ - n i t r o p h e n y l  p h o s p h a t e .  

1:i£. 3- p l l  a c t i v i t y  c u r v e  in a c e t a t e ,  l o - / A  a l i q u o t s  of  e n z y m e  s{}luti{m were  i n c u b a t e d  for lo rain 
a t  3 7 '  w i th  4.5 m M  /5 n i t r o p h e n y l  p h o s p h a t e  in o.I  M ~od ium a c e t a t e ,  in t h e  p r e s e n c e  (Curve  I ' /  
a n d  t h e  a b s e n c e  (Curve  A) of  I m M  6 - e t h y h l l e r c a l ~ t o p u r i n e .  R e a c t i o n  ve loc i t i e s  a re  ex p re s sed  as 
un i t s  o f  a c t i v i t y  pe r  ml  of  e n z y m e  solu t ion .  
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h~hibiloy sl~dics. The following experiments were carried out in ()r&~r t(, (I. 
termine the feasibility of histochennical localization of enzyme I I I  at the ele,:tn,1 
microscope level 7. I t  was previ ,usly reported that  this enzyme is extremely sensitiv, 
to the thiol- inactivating comt)ound , f l<hloromercuribenzoate,  but  unaffected b} 
other phosphatase  inhibitors sueh as J.(-" )-tartrate, molybdate  or fluoride t, Heaxv 
metal ion inhibition was not investigated, al though the formation of insoluble hear \ '  
metal phosphates is a commonly  used method for visualization of tissue phosphatase 
activity. In the present s tudy we have found tha t  the sensitivity . f  the soluble 
enzyme to heavy metal ions is largely a funetion of protein concentrat ion:  the prepa- 
rations of highest specific enzyme activi ty being the most rapidly inactivated. Also, 
it was evident tha t  some heavy metal ions are more potent  inhibitors than others, 
other  things such as protein, buffer and substrate concentrat ions being equal. For 
example, i .o mM Pb 2. completely inhibited the hydrolysis ofp-ni t rophenyl  phost)hat(' 
(I.O mM) in 7.0 mM acetate buffer by an enzyme I l l  preparat ion of specific act ivi ty 
I.O. In this same system, as little as o.o5 mM Pb 2+ inhibited the enzyme 5o%. The 
fact tha t  the Gomori histochemical procedure s for acid phosphatases (alls for the 
use of 4 mM lead nitrate in the incubation medium is pertinent here. N i "  and Co "; 
were only slightly less inhibitory:  about  IOta', ) enzyme act ivi ty remaining in th(' 
presence of a I.O mM concentrat ion of  either ion, Under these same conditions even 
the Group I IA  metals, magnesium, calcium and beryllium were inhibitory to an 
extent  of  25, 50 and 90°..,, respectively. 

Since buffered gluteraldehyde is commonly used as a tissue fixative, we de- 
termined the enzyme's  sensitivity both to this aldehyde and to dimethylarsinite 
buffer, as follows: an enzyme preparation of specific act ivi ty  I.O was preincubated 
for 3o rain at o ° with o.15 M sodium dimethylarsinite,  pH 7.3, and separately in 
a o.I M solution of  this buffer containing 4°,.,{) gluteraldehyde, followed by deferral-- 
nation of  residual enzyme activity. Although trivalent arsenicals are known t() 
inactivate thiol groups by mercaptide formation", the pentavalent  arsenic in the 
above buffer was without  effect on the enzyme activity. The buffered gluteraldehyde, 
however, caused a 43% loss of activity, under the above conditions. 

In view of the essential role of thiol groups for the act ivi ty  of this enzyme one 
would expect the thiol-alkylating reagent, iodoacetate ~° to be inhibitory, which it is. 
Preincubat ion of  enzyme for IO rain at 37 ~' with i .o mM sodimn iodoacetate buffered 
at pH  7.0 resulted in 30% loss of act ivi ty;  in ro mM inhibitor, over 95% of the en- 
zyme was inact ivated under  these conditions. Addition of  I.O mM 6-ethyhnercapto-  
purine to the preincubation solution containing iodoacetate did not protect  the en- 
zyme from inactivation. This result was not surprising since the stimulation of 
enzymic hydrolysis of p-ni t rophenyl  phosphate  by the purine is dependent on both 
the substrate and st imulator being present together in the assay medium. We 
suspect tha t  p-ni t rophenyl  phosphate  first forms a charge transfer complex with 
6-ethylmercaptopurine,  and this complex in turn reacts with the enzyme in an 
accelerated fashion. Studies are planned for the near future to elucidate this inter- 
esting point. 

D I S C U S S I O N  

Previous investigations concerning the acid phosphohydrolase activi ty of human 
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p l a c e m a  have been largely l imi ted  to h is tochemical  observa t ions  n la and a few 

1)iochemical s tudies  on crude tissue ex t rac t s  14 1~i As regards the histochemical  w~)rk, 
we feel t ha t  these studies require  re -eva lua t ion  in the l ight  of our recent  demon 
s t ra t ion  of the he terogenei ty  of the  p lacen ta l  enzyme ac t iv i ty ,  and  especial ly the 
different subs t ra te  requi rements  of the  ind iv idua l  enzymes ~ ~. For example ,  it is n(~w 
questionable, whether  enzyme 11I has vet  been visual ized his toehemical lv  sil/ct, it 
hydrolyzes  the common phospha tase  subs t ra tes  poor ly  or not  at  all, and, its we Imxe 
present ly  shown, is susceptit)le to r ap id  and complete  inac t iva t ion  by one-quart( 'v 
of the s t a n d a r d  concentra t ion  of lead ions used in the  (;OMORI s histochenfical t)r() 
cedure. A similar  s i tua t ion  has been repor ted  in which one of the  several  acid phos- 
pha tase  isoenzymes in maize was f lmnd to be sl)eeifically inhibi ted  by  a diazonium 
salt  used for its h is tochemical  localization~L 

1;raetionati~m of a soluble ex t rac t  of human  t)lacenta by s tarch gel electro- 
phoresis has y ie lded fern- bands  of u -naph thy l  phospha te  phospha tase  ac t iv i ty  ~*. 
Since enzyme I I I  will not  read i ly  hvdrolvze  ~ -naph thy l  phospha te  ~ it is t)t~ssible t lmt  
there may  be as many  as five different t) lacental  acid phosphohydrolases .  3"o further  
compl ica te  the s i tuat ion,  this  sltme group of workers  has recent ly  descr ibed a rare 
p lacenta l  var ient  which yie lded no fewer than  seven d is t inc t  e lectroph~ret ic  bands  
of ¢z-nal)hthyl phost)lmte phospha tase  ac t iv i ty  ~'. In a t t e m p t i n g  to eva lua te  these 
results  in re la t ionship to our observat ions  it m a y  hel t) to consider the acid ph~stHmt:~se 
is~,enzvme d is t r ibu t ion  found in human  pros ta te .  This tissue has y ie lded t\v~ l~rms 
bv ion-exchange ch romatography ,  four by immunoh~gical methods,  and abtmt 
twen ty  bands  of ac t iv i ty  using s tarch gel e lectrophoresis  ~5. I t  in thought  that  the 
enzx,me's charge he te rogenei ty  is a resul t  of a single enzyme protein  with different 
numbers  ~f sialic acid residues. Thus, the mul t ip le  forms of a naph thy l  phostflmtc 
tfl~osphatase found in human  p lacen ta  m a y  simple be charge var ients  <)1 enzxmes I 
and I I, b~,th of which readi ly  hvdr~lvze this  subs t ra te .  One mus t  als~ kee t) iu mind 
the p~ssibi l i ty of enzyme dissociat ion ar t i facts ,  e i ther  during the extracti~,n procedure  
or as a result  of the electric field. In  this regard,  f rac t ionat ion  by  the re la t ive l \ '  milder  
tm~eedure of gel f i l trat ion max  I)e a preferable meth~d ~f obta in ing  unal te red  cnzx'me 
fin subsequent  biochenfical charac ter iza t ion .  

"1"~ our knowledge, no acid phostHlohydrolase ~t human  origin has been t~uritied 
t~ homog~nity,  a l though the human erv thr~c \ ' t e  e" e,, and  pros ta t ic  2a e.~ cnzxmes 
have been intensively studied.  Acid ph()sphohydr(@ases  from bovine liver and  rat  
l iver have, [~()\vever, been ob ta ined  i~l art apparen t  h()lnoge~let~us s ta te :  the t~)rnwr :'-~; 
was repor ted  to have a specific enzyme ac t iv i ty  ~f between 5 ~) and {~o, xxhih, the 
l a t t e r  e:, which had also been crystal l ized,  had  a max imum specific ac t iv i ty  of 4- 
All elIzVl?le from Escher[chia co~i, also, homogeneous,  has t)een repor ted  to have a 
specific ac t iv i ty  ~f i 7 I8 (see ref. 28). (All of the specific ellz\ ' llle act ivi t ies  ~lm~ted 
in this paper  are expressed in in te rna t iona l  uni ts  and refer to the hxdrolvsis  ~d-,h 
n i t rophenyl  phost)hate at  37~'.) Our p lacenta l  enzyme,  alth(mgh m)t homogene~us, 
would seen, to be sufficiently puri l ied for p re l iminary  charac ter iza t ion  studies such 
its are repor ted  in this communica t ion .  Moreover,  there  was no evidence during i~m- 
exchange or molecular  sieve ehr (mmt~graphy  ~t fur ther  separa t ion  ~,1 ac t iv i ty  int~ 
discrete fractions.  

The quest ion as to the  physiologic substrate(s)  l~r this enzyme remains  un- 
resolved, and al though the hydr~flysis of certain ster~fid phosphates  is still a possibi l i ty,  

I¢iockim. l¢mpkys. Acla, z35 (r~7t) 45s-4(~5 
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we haw~ been unable  to demons t r a t e  any I7 f i -es t rad io l :ATP tralL~phosphoryla~t, 
ac t iv i ty  in human placenta ,  human tetal  liver, or fe tal  adrenal  tissue '~. These result-,. 
of course, do not  rule out  the biosynthesis  of s teroid phosphates  via ~)ther as \ , ' t  
unrecognized enzymic  pa thways ,  or under  different  exper imen ta l  condit ions.  Never- 
theless, the  a l t e rna te  possibi l i ty  must  also be considered:  namely,  tha t  enzyme I l l  
is not  unique to the  human p lacen ta ;  t ha t  is to say, t ha t  this is a species-specifi( 
r a the r  than  an organ-specific enzvme "2~. In this  case we m a y  expect  to find an enzyme 
in some other  human tissue having similar  or ident ical  propert ies .  The acid phos- 
phatases  found in pros ta te ,  of which there  are at  least  two 2a, can be ruled out  since 
all are s t rongly  inlf ibi ted bv l~( i - ) - tar t ra te ,  while the  p lacen ta l  enzyme is not. How- 
ever, the  three isoenzwnes found in human e ry th rocy tes  have not  ye t  been sufficiently 
charac ter ized  to rule out  a possible ident i ty ,  a l though one of these can perhaps  be 
e l imina ted  on the basis of i ts fluoride sens i t iv i ty  ~2. Similar ly,  meaningful  comparisons 
with o ther  human  acid phosphohydro lases  must  awai t  thei r  isolation and charac- 
ter iza t ion.  

In te res t ing ly  enough, the proper t ies  of p lacenta l  enzyme I I I  bear  a s t r ik ing 
resemblance  to an acid  phosphohydro lase  found not  in human  tissue, but  in r abb i t  
he terophi l  leukocytes  3°,a. These art icles  describe a soluble, th io l -dependent  acid 
p -n i t r opheny l  phospha tase  which is unaffected by  fluoride or L ( + ) - t a r t r a t e  and is 
"clear ly different  from the lysosomal  acid phospha tase" .  This enzyme has l i t t le  or no 
hydro ly t i c  ac t i v i t y  toward  f i -g lycerophosphate  or glucose 6-phosphate .  Thus far, 
the foregoing might  be equal ly  descr ip t ive  of p lacenta l  enzyme I I I ,  a l though kinetic 
and  phys icochemical  d a t a  for the leukocyte  enzyme are as ye t  lacking. By way of 
contras t ,  a soluble acid phosphohydro lase  with d iamet r i ca l ly  opposi te  proper t ies  has 
been pa r t i a l l y  purif ied from tobacco leaves a'. This enzyme is res i s tan t  to inac t iva t ion  
by  heavy  metal  ions up to 5 mM, as well as thiol  inhibi tors ,  but  is qui te  sensi t ive 
to fluoride, L ( + ) - t a r t r a t e  and  ammonium molybda te .  I t  will readi ly  hydrolyze  a 
wide va r i e ty  of phosphomonoes te r  bonds, including hexose phospha tes  and  phenyl  
phosphate ,  and  also some phospha te  anhydr ide  bonds. Thus, the  physiologic function,  
na tu ra l  substrate(s)  and  in t race l lu lar  local izat ion of  these a p p a r e n t l y  non-lysoso- 
mala3, 34 acid phosphohydro lases  remain  intr iguing questions,  the  answers to which 
m a y  well modit\~ our cur rent  concepts  regarding this diverse class of enzwnes.  
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