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SUMMARY

A procedure for the isolation of spleen acid phosphomongesterase (ortho-
phosphoric monoester phosphobydrolase, EC 3.1.3.2) reported.

Several of the physical and catalytic properties of the engyme have been
studied and shown to be extremely similar to those of prostatic acid phosphomornc-
esterase, The sedimentation coefficient of spleen acid phosphomonoesterase is close
to 8.6 5. The pH-activity curve shows a broad maximum between pH 3.0 and 4.8

INTREGIFUCTION

"Kon-specific” acid phosphomonoesterase netivity is very widely distributed in
living organisms [see refl. I fora review], Only the ackd phosphomonoesterase from
hwrnan prostate has been obtained in a highly purified state®~, and no extensive
purification has been reported so far for acid phosphomonocsterases from other sour=
ces.

A method developed in this laboratory for the preparation of spleen mcid
deoxvribanuclease?, as modifled for the large-scale peeparation of this enzyme*,
lands stzeli, with only minor changes, to the isolation and purification of other acid
hvdrelases as well These enzymes are alss considered to be of lyscsomal origin.
We report in the present article the {solation and an investigation on the propertics
of one such enzyme, acid phosphomonocsterass (orthophospharic menoester phos-
pholyydreiase, EC 3.1.3:2). This enzyme appears té be very similar to the human
prostilic enIyme. ;

EXPERIMENTAL PROCEDURE

Maierials
Disodinm p-nitrophenyl phosphate was a cominercial product (Calbiochem,
Los Angeles, Calif.; British Drug Houses, Poole, Dorset, England; Serva, Heidel-

= * Present sddress; Istitute di Chimlca Organica, Facodta di Agzaria, Universita di Milane,
Tialy.
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SPLEEN ACID PHOSPHOMONOESTERASE I3

berg, Germany). Caldum [bis{p-nitrophenyl)phosphate]), was prepared according to
Privar pe Ganunue axo Lasxowsw®; alternatively, a commercial sodium salt
(British Drug Houses) was used. 2° 3-AMP, 5-AMP, ATP, riboflavin 5°-phosphate,
thiamine monophosphate, phosphoserine and phesphothrsonine were purchased
from Calbiochem, Glucose T-phodphate was purehased from Merck, Darmstadt,
Cermany. All reagents wsed were of analytical grade, .

Column chromaloprapiy and sweroge-gradiend centrifugalion
These were performed as already describeds S s,

Aszsay of emzymaiic achivily

The phospliomoneesterase activity was routinely assaved by measuring the
Liberaticn of p-nitrophencl from p-nitrophenyl phosphate. The reaction mixture
[total volume 1,7 ml) contained: (a) ©emole of penitropheny! phospliate [disodinm
salt), 130 pmoles of acetate buller [pH 5.0) and 2o pmoles of EDTA; (b enzyme;
this was diluted, i necessary, with o.15 M acetate buffer-o.0z M EDTA (pH 5.0)
containing o.65 %5 Amour bovine serum slbumin,

After a 1o-min incubation at 37°, the reaction was stopped by adding 0.2 ml
of 2 M (NHHOH, The absorption at 400 mg was measurcd and & suitable blank was
sabtracted from ihe reading. The concentration of liberated fenitrophenol was
caleulated from the corrected reading taking an Ay, value of 12060 for $oni-
trophenol¥. One activity unit is deflined as the amount of enzyme which catalyses the
liberation of 1 ymoie of p-nitrophenol per min under the above conditions. Assays
were purformed using enzyme concentritions that would give 4 g, readings not
higher than 5.0, Under these conditions, a linear relationship was obtainsd between
enzyme concentration and pnitrophencl hbemtion. The specific activity was cal-
culated by dividing the activity by the 4, value for the enzyme solution. When
wsing substrates other than genitrophenyl phosphate, the liberation of inerganic
phosphate was determined according fo Mantiz axp Doty Other enzymatic
pctivities {acid deoxyribonuclease, acid nibomuclesse, phosphodiesterase and exo-
~ muclease) were assayed as already indicated®.

RESLLTS

Isolaiion of the cmzymee

The starting material was coude spleca nuclease 11, a preparation already
described®, Acid phosphomoncesterase achivity was determined at the successive
steps leading to crude spleen nuclease I1, and the resalts are given in Table I. For
the sake of comparisen, activity was also determined in two modifications of the
extraction procedure, in which 0.1 M NaCl or o.x M HCl replaced o.05 M H,S0,.
On the average, crude spleen nuclease 11 containg 110=-120 units of agid phosphamono-
ealerase activity per kg of ground spleen; the specific activity is o.2-0.3.

Heckin. Diphys. dsia, 12 (1966) 13—2:



I4 A CHIKS[, A. HERNARDE, G. BERNARDE

TABLE [
FREFARATION OF SFLEEN ASID FUOSFUONIXOESTERALR

Vihues shiow total acid phosphomanoesternse activitios per Lg of trimmed spleen as determined on
abiguais taken from a prepacation ot the successive ateps dicazed in thic first colusmn. The super-
matants obtained by castzifaging products § and 3 8% Booa g for 1 b, and the aqueous solution of
procipitato 4, wore dialyzed againgt o5 b MaCl and assayed. The dry weights of undialysahda
eatorinl per bg of trimmod ;pﬂu as determined at thy successive steps were reportod in Tabée 1

af zef. & i
Preparaiion step i Exteaglion frasidirs

.15 M NaGl ot M HE ey M H S0
1. Extraciion P TE59 4o

|

a. Acidifiestfon {pH 2.5)° agn AT5 118
3. @4 [WH,)S50, seturation - - -
4 0B [MH S0, saturation i 2zk vz

it

* This was done with a.a M HCl for the extracts abtained with o.15 M NaCl and o1 M HCL

Chromalograpiidc purificaiion

The procedure used was pattemed on Procedure C, already described for acid
deaxyribonucleasa, A summary of a typical parification is given in Table 1L

Step J. DEAE-Sephadex A-50 (Fig. 1). This step was identical with Step [
of Procedure C. Acid phosphomonossterase activity was not retained by the column
equilibrated with .05 M phosphata buffer {pH 6.8). Other enzymatic activities found
in the same fraction were phosphodiesterase (Fig. 1), acid deoxyribonuciease and
eytochrome ¢ (Fig. 1, ref. 6) and two different ribonucleasss (Fig. 1. rel. 11}, A second,
very small acid phosphomenoesterase activity peak was eluted by 0.5 M phosphate
buflzr (pH 6.8). This iraction is under investigation in this laboratory.

TABLE II
CHECHATICRATHIC PURIFICATION OF SPLEEN ACID PHOBFIOMONOESTENASE

All valoes reported rofer to the fractions which were processed further or 1o the linzl produst.
The side fractions of the activity peaks wers processod separataly.

Fracliom Volunes Total Tatal Eﬁlﬂiﬁt
[md) Aziowmu R acdividy
Crude spleen noclease 11 a.ag®
I. DEAE-Scphadex®™ o a56 1570 LG5
II. Hydroxyapalils 1l e 13040 7.08
111 Sephadex G-10¢ : 130 1o 7y 78,4
1Y, CM-Bephndex g | 368 168
CM=Sephadex™" 13 .45 184 408

= Awverage valoe foand for devera] preparatioms.

** This prodact was fexmed by the phosplsumonoesterase-rich fractions eldained from tho
first peak of DNEAE-Sephadex nnd from the subseguont hydroxys patite chromatography (Steps 1
and 11 of Procedure C ie the asid desxyribonaclease purification],

*** Hechromatography giperiment.

Bischio, Hiephys. Achs, 1ag (ppGd) 12-23
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Fig. . Chromategraphy on DEAE Seplindex A-go of crade splesn nacleoee [ fsee also ref, 6)
|Step I). 320 ml of preparagion HS g (Aps0se = 1003 Adfdmy = 6og) were losded on o Hem x
o cm column of DEAE-Sephadex A-so cquilibrated with ooy M phosphate bulfer (pEH 6.8},
This buf{es was alsd uded to sdute the fivst predtein peai. o5 M phosphate buifer (pH oo 8 )jwas applied
it the fractsnn indicated by the srrow. 24 mi fractions wern collected. The coatinuous kne ig-
dicates the absorptson at 8o mge Squarcs fmdicnie tho scid phesphomonmomtorsie activicy
iright-hand acale); circles, the plosphodiesterase activity, which is doe bo puclepside rﬂmhn-
pliatare (loft-hund inser scale). Acid deoxyribdaudlease, oytochrome ¢, acid nnd basic ribonsciense
wery sl assayed) the reults are sbovwn slsawhore! 5,
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Tig. z. Clirnmatography on ydsoxyapriite of frastions jo-61 from Step 1. 370 ml {Azsom. = 1.g8)
wereloaded ona 2 om X yocm column of bydroxvapatite eculibrated with o5 M phospliats balfer
[ &30, & molasity gradiont (G 40 6.8 M) was stacted at the fraction indicated by the armew
jat fraction 1z, M = o.3g5h 24 md froctions were collested. The confirucus line indicstes tho
abeorplicn at @38 m. Squares indasate the acid phosphomomocsterase activity  (Tight-lul
acabe); circles the phosphbodicsterase attivity, which is due Lo nuckoside polypbosphataso (left-
band inner scale).

Biechine, Diapiys, dcle, 139 (1966} 1a-za
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Stef LI, Hydroxyaegatile (Fig. 2. This atep was identical with Step IT of Pro-
cedure €. Acid phesphomonoesterase was eleted by the o.05-0.5 M gradient of
phosphate buffer (pH6.8) at a molurity of aboot o.zo. Phosphodissterase was
cluted at about .12 M {Fig. 2). The clution pattern of other enzymatic activitics i
given elsewhere (see Fig. 2 of ref. 6 for acid deoxyribonuclease, cytochrome ¢ and
ribonuciezse activities and Fig, 2 of rel. 1T for acid ribonuclease).

Step III. Sephader G100 (Fig, 3). The acid phosphomonoesterase activity
from the previous step was loaded om & Sephadex G-100 column equilibrated with
.1 M acetate buffer (pH 5.6). The activity was eluted before the main protein peak.

}E:l mp
5

ABSORBANCE
g
'lrl
5
Leers

ﬂ# =¥ i L i
30 L] o 50
FRACTION MNUHABER

Fig. 3- Gel fittration on Sephadex G-1oe of acid-phosphomonoesterase-rich fractions from =
nydroayapitite chromatography. 120 ml (A sifep = 1,80) wote boaded on a 4 om % 65 cm oolumn
of Sephadex G=1oa equilibrated with ooz M scetnte buffer (pH £.6); the same solvent was used
Ve elune the poodain from the column. 13-ml imctions weres coliscted. The continwoss ling indicaten
the absorpition at 280 my. Circles indisate the acid phosphomoncesterase activity [beft-hand
inner scale). Fructicns j4-g2 were proosised luriher,

Stegp IV, CM=Sephadex C-30 [Fig. 4). The active fractions were loaded on a
CM-Sephadex C-fo column equilibrated with o.r M acetate bufler (pH 5.6). The
activity was cluted by a-molarity gradient, 0.1 to 0.3 M, of acetare buffer at a mo-
larity of about 8.26. The active froctions wero diluted with one velume of water
and rechromatographed on CM=Sephadex C-50 as above [Fig. 5). Phosphomonosstes-
ase was again eluted at o.26 M acetate buffer, and the specific activity was practically
constant through the pealk. .

The active {ractions were pooted, frozen and stored at —60®. This material is
referred to as the final product in Table II. '

Froperties of the enzyme

Physical properiies. Owing to the very limited amount of ensyme which
was available, the sedimentation constant was determined by centrifuging acid
phosphomonoesterase in & sucrose-density  gradient according to MARTIN AXD

Hiochim. Riaphys. Aefs, 120 (1gdd) 13-az
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Fig. 4. Chromatography on CM-Sephadies C-3o af the acid phosphomoncesternse fraclion from
dephadex Ge1oo, 130 =l (Am0ue = 0.080) wers loaded on 4 2 &mox 38 cm CM-Sepladax C.go
eodumin equiliirated with a o.t M acetate bulles (pH 5.6). A malarity gradient jo.1 to @, M)
of scetats baffer was sturtod at tho fraction imdicated with s gryow iright-hand omlimata).
0.5 M phosphate buffer (pH 6.8) was applied at the fraction indicated by the arraw. yoml frac-
tions were eolloctod, The contieuges limn indicates the sbsocplion ot 280 mp. Cincles indscate
tho acid phosphenomowsierass activity (lefi-haad inner scale], Fractions A7=105 wersdiluted with
I %alume of water and processed further,
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Fig. 5. Rechromatograpby en ChM-Sephadex C-5o af the acid plosphomonoesternss [faction.

230 ml were ligded o2 2 0.9 £ % 16 ¢m caluma af CM-Sephadex T30 squilibrated with 0,135 M

neetate buffer {pH 5.6). A maolerity gradiont {o.1e5 0 a.5 A} of acetate boffe was used $o P

Lo gnzymae (rightdand scale). 3.2-ml fractions were collected. Ths continuous jins indicates ths

absoaption at 380 my, Circles indicate the acid phosphomonositicaas activity {lefi-hand inper
). :

AMESY, Cytochrome ¢ and acid deoxyribonuclease were used as reference proteins,
The resuits are shown in Fig. 6; a sedimentation constant equal to 5.6 & was cal-
culated. :

Prurily. No acid deoxyribonuelease, acid ribonuclease, exonuclease and phios-
phodicsterase were detected after 2 h of digestion at 37" using 0. ml of the final

Siockim. Diopkys. Aeta, 120 {rpl] z2-a3
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Fig. 6. Suercee-gradient centrifugation af acsd phosphomanocsterase; acid decaynbomucleass
was used as & reference protein. A total of 32 fractions were colloctod, Circles indicate acid phos-
phomuncesturase activily; sguase, aod deoxyribonucleass activity, The botiem of the goll @
at the lefi. A linesr molaricy gradient was abtaised ba wsing 5 95 and 20 % secrase splution in
pregtate Waller (pH 500 g = 0,035, containing o.o1 M EDTA, Ceatrifupation was earried out for
15 b nt 38 cob rev.fmin using & 5W-59 roetor and & Spince Model-1. wlrscentrifuge.

product. When using 0.1 ml of a 1:300 dilution of the same cnzyme solution, the
Liberation of 0,058 pmoles of g-nitrophenol from genitrophenyl phosphate was ob-
tained in Id min. 1

Evnzymological properties, The initial rates of hydrolysis of several phospho-
mosgesters are shown in Table I1L 5

The effects of certain inhibitors and activators on the enzyme, using f-nitro-
phenyl phosphate and/or 2',3-AMP as substrates, are indicated in Table IV, ;

The further characterization of the engyme properties of acid phosphomona-
esternse was cartied vat using penitrophenyl phosphate as substrate. The pH-
activity curves were determined in the pH range 2-6 using five different substrate
eoncentrations ranging from 6.1 to 6 mML They all show a hroad maximam between
pH 3.0and pH 4.8 (Fig. 7), the activiry fall being much mare abrupt on the acidic than
on the alkaline side. The Michaelis constant at 37" and pH 4.0, g = 0.05, was found

TALGLE 11l
RYLATIVE MATE 8F HYREQLYSIS OF SEVERAL BUBETRATES BY EPLEEN ACID PHUSFHOMONOERTERASE

The substzate coneemtraton was 2.5 mM. Tiw jiberation of morganic phosphase at 37" was
detesmined ut difierent incobastion times. Tho initial robes were used.

Subriralis Eelative reip of Apdralynis

Vel
peHitrophonyl phosplate [0
14" -AME yth
FAMP 3 L1

Jidiyoorophusphato

Glacoso 1-pliakiHaale

iikadlavin phosphate ; .
Thantnin phaosphate

Phoaphothrooaine

Pl plingerine

ATE

Lisgpnibrapheny! phosphae

L= =1 % U"—"'\g-q.'_h E

Miechim, Dipphyre. Acle, 1839 [1606) 1g-22
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TABLE 1V

EFFIZETE OF SOME ACTIVATORS AND INHIBDORS OF SPLEEN ACID FUOESPHOMONOHITEHASE

Assays were performed weipg the fellowing incubatisn mixtore: 2 pmoles of subsieate s 2 ml o
o.05 M acetate |pH §.0); sctivator or inhibitor in o3 ml; epeyme, diloted with Dovine serom al=

Yamin, in &2 ml. The copcentrations of activator or inhibitors given in this table refer to the
solutions before adding the snayme.

Activaters ar inaekifars !".__1.'.-\:“-:!'.!7 p-Nilrophenl
(%} phosphate {%5]

o060 B cysteine - ]

0T M oysteine 10 Ty

a.a1 M EDTA T 1 -
o.ool M Mg | o4 &y -'
a.oat M B —|-tartario acid e b1
a.o0f M L{ 4 jtartaric acid = B.5

a3 Cotr ] L -

a.car M Col+ | 1 -

ool M F= a =

oopo1 M F= ] 78

oooed B Mo LA o8

4 "} 232
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Fig. 7. pli-activity eurves for acid phosphomonocesterase. The Egure shows enzymatic activity
as detesmined ax thres different subsirate concentrations smd three different temiperaturcs.
p-Nitrophenyt phosphate was uscd as the sabsizate; the solvent was .05 M scetate buifer.

to be equal to 7.25-10~% M (Fig. 8). Phosphate ions act as competitive inhibitors
{Fig. g}, the inhibition constant being equal to about 3.0-10~ M. Cl= also acls as a
campetitive inhibitor, the inhibition constant being equal to o.2 M.

DSCUSSION i

“I'he restles in Table T show that a striking decreéase in the cxtracted acid
phospliomoncesterase activity takes place upon scidification to pH 2.5 anly about
a quarter of the activity survives the acidification step. The enzymatic activity which

Miochim. Biophys, Acla, a9 [pged) 1z-22
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Fig, 8, Lineweaver=Burk plot for acld phosphamantesternss; p-nitrophenyiphosphate was used
an tha submbrate; dipestions wern carmied out at 377 in o.05 M acetate baffer (pH 5.0].
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Fig. g Competitive inkibition of asid phosphomonoestesise by mh.nphn::phul. Inhibitar concen-

rations are given |p parenthesss. Dhgestions wece peslormed at 37" in o5 M acetate bulfer
{pii 8.0) using penitrophenyl phosphates as the sulstrate.

s diestroyed by the pH 2.5 step is, however, different from that studied in this work.
In fact, if the extract (Step 1 of Tabie 1) is chromatographed on hydroxyapatite,
about thres-guarters of the total acid phosphomancesterase activity loaded is not
retained at 0.0% M phosphate (pH 0.8], whereas this fraction disappears after acidifi-

Biechens, Brophye, Acie, 130 (ro6d) ve-3:
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cation. This latter activity is not retained by DEAE-Sephadex equilibrated with
o8 M phosphate buffer (pH 6.8). Additional evidence indicating that the enzyme
giudiedd here i fesistant Lo eXpodure Lo laiw ]_JH' valiies 1% E‘.i"."l:n h:,- the Fact that it 15
still fairly active at pH 2 (Fig. 7).

In view of these facts, it ig difficult to draw definite conclusions as far as 1he
"t:.'l.t-.‘:l:'l.-:,‘::,"“ of the e VI i3 copcerned, ;thﬂ-'.:.Eh the data obtained with the 0.1 M HCL
extract seem to suggest that acld extraction is more effective than the 0,35 M MNaCl
extraction., Extraction with .05 M H.50, gives lower vields of enzyme, and there-
fore the extraction with .1 M HCL is to be preferred. The activity loss occurring
when going from Step 2 to Step 4 (Table I) and the relatively low yield {5-20 %)
upan chromatographic purification are probably due in part to the lability of the
enzyme with regard to surface denaturation and dialysis, The relative activities
toward the different substrates mdicated in Table I1I show that the enzyme is much
ks “nop-specific” than is commeonly thought, the phosphomoncesters of threonine
and serine being particularly resistant to it. The properties shown in Tables 111 and
IV are very similar to those reported for prostatic phosphomonoesterase™—, Other
sinking similarjties between the spleen enzyme ang the prostatic acid phosphomonio-
esterase are the following. The sedimentation constant found by us (5.0 5) is very
close to that meported for the prostate enzyme (5.7 5; see ref. 4). The pH-activity
curve and the surface mactivation found for the spleen enzyme closely resemble
those of the prostate encymed 0T, Finally, the competitive inhibition by inerganic
phosphate found in this work has been recently reported for prostatic phosphomono-
esterase, tools, ¥

More difficult §s a comparizson with other acid phosphomoenoesterases which
have been récognized, but not extensively porified, in different subcellular fractions.
It may be pointed out, however, that in several of its properties, and particularly in
its inhibition by fluoride and L{-)-tartrate, the spleen enzyme i similar to the
Iyveosomal acid phosphomonoesterass of rat liver's,
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