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Aktrrt- Five phosphatascs were isolated from the Iat* of thra members of the Euphorbiactae. From Euphorbia 
hfhyris were obtainal phosphatases I, and Iz; from E. rrigona phosphatasc t and from Elaeophorbio drupi/cro the 
enzymes dl and dl. Phosphatascs I,, I1 and t were purified to homogeneity. Amino acid compositions arc reported and 
other properties of the enzymes are described. The two enzymes described from E. larhyris both have two pH maxima 
(I, at S.Oand 6.8. II at 5.8 and 7.5) whik t, d, and d2 respectively have maxima 81 pHs of 5.6.5.6 and 5.0. On tbc basis of 
their responses lo several residue-specific inhibitors the five phosphatascs apparently comprise three groups: lz and d,. I 
and dl, and I,. 
--- .-- _-.--_- 

INTRODUCllON 

Acid phosphatases (orthophosphoric-monoester phos- 
phohydrolase, EC 3.1.3.2) are wldcly distributed in 
animals, plants and bacteria. As part of a continuing 
investigation of the enzymes In the latices of 
Euphorbiaaae [l-.7] we have recently purified two 
distinct phosphatascs, designated I, and Iz, from the latex 
of E. lurh~ris, a ‘leafy’ member of that genus. Acid 
phosphatascs were also isolated from the succuknts 
E. ~tigona and Elaeophorbia drupijma. The former of 
these yielded a single, and the latter two phosphatascs, 
respectively phosphatascs t, and d, _ 2. 

As phosphatases from latex sources have not previously 
been described. we here report the purification procedures 
employed and some properties, Including amino acid 
compositions of these enzymes. 

RCSULTS AND DISCUSSION 

The two enzymes from 15. lotkyris and that from 
E. trigona were homogeneous on gel exclusion HPLC 
using a TSK G3OOOSW column, each eluting as a single 
symmetrical peak. Two phosphatascs were also separated 
from the latex of Eloeophorbio drupiftro with the pro- 
cedures used for the other enzymes discussed here. and 
M,s were determined on Bio-Rad PI50 gel-filtration. On 
HPLC, however, these phosphatases WCIZ found to be not 
compktcly homogeneous, and only limited data for them 
are reported asa shortage of latex prevented attainment of 
that degra of purification. Some of the properties of the 
five enzymes discussed here are summarized in Tabk 1: 
M,s were detamincd by the procedure of Andrcws [8] 
using a Pl50 column calibrated with bovine serum 
albunun, ovalbumin. carbonic anhydrasc. ribonuckase 
and lysotyme. All of the enzymes have M,s bctwan 60 
and 72 Ooo: other phosphatascs reported from a variety of 
sources dnplay a wide range of M,s. However their 
subunit strwturcs. demonstratd by SDS polyacrylamide 

l N.R.C.C. No. 26695 

gel ckctropborcsis, vary (Tabk I )I phosphatascs I, z are 
probably each composed of two identical subunits 
whereas phosphatasc t comprises two non-identical sub 
units of M,s 30 and 35ooO. The isoelectric points of 
phosphatases I,. t and d, _ a, determined by idcctric 
focusing, are all betwan 3.7 and 3.9. Phosphatasc I2 IS 
markedly different, having pls of 6.7. 6.9 and 7.0. 

In Tabk 2 are colkctcd the amino acid compositions 
for phosphatascs I, and I, as well as the perantage weight 
compositions which are included to facilitate compari- 
sons. It is evident that the enzymes are different from each 
other: they also show no notable similarities In primary 
compositions with other acid phosphatases. The amino 
acid analytical data for phosphatasc I, showed the 
presence of ornithine with the homogeneous protein 
hydrolyscd. This was probably from firm attachment of 
that amino acid lo the enzyme throuhout the purification, 
and is not a component of the phosphatase: omithine has 
not been found in any other enzyme isolated. Only with 
phosphatase I2 was sufficient protein obtained to allow 
determination of cyst&u and of amino sugar contents. 
The latter figure (5.9% by weight-for glucosamine) 
suggests that the enzyme is a glycoprotdn. as are the 
proteases isolated from the tatices discussed here [l-7]. 
All five phosphatascs have pH maxima between 5.0 and 
5.8. but the two enzymes from E. lofhyris each have a 
second pH maximum: for phosphatase I, this is at pH 6.8 
and is the position of higher hydrolysing ability (the 
second maximum being at pH 5.0). whik for phosphatasc 
II the maxlmum at pH 7.5 is of secondary importana, the 
primary one occurring at pH 5.8. The occurrence of the 
two maxima may be interpreted as suggesting that there is 
a change in the position of the rate limiting step of 
phosphatolysis which is dependent on pH. As described 
by Dixon and Webb [9] if the cnzymc-substrate complex 
must undergo an ionization step before discharging the 
product, the rate determining step at one pH may be 
different from that at another. It 1s notabk that this 
phenomenon of two pH maxima occurs only in phos- 
phatasca from E. k~rhyris which is the sok ‘leafy’ member 
of the family examined: the phosphatasa from the two 
‘succukot’ members of the Euphorbiac studied, 
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Table I Some propertic\ of phosphatascs from lalrc\ of E. /uth~rr.t. 

E rryono and Ekauophorbra drup~krtr 
_--- ..- _- ..-. ._ - 

11 la I dl dz 
.- ~. -- - -_ .-- _ .-.- 

.M, (gel exclusion) 72000 65ooO 66000 72axl 60000 

.M, (SDS gels) 38ooo 34.axl 300.3Sax~ 

PI 3.7 6.7.6.Y. 70 3.7. 3.x 37.3Y 3.Y 

pH opmna 50. 6.8 58.75 5.6 5.6 SO 
----_-_-- - .- --- - 

Tabk 2. Ammo acid composruons of 
phosphatasc5 I, and Ia as number of rc- 

wdues;molc and. in parenthevs 1, wclghr 

composition 
.-- _ .~. -- 

4 12 
.- _--. . - .-- -- - 

cys 19 (3.1) 

Asp 77 (126) 79 (14.3) 

Thr 52 (7.5) 59 (9.4) 

Ser 72 (9.0) 43 (6.0) 

Glu 51 (94) 46 (9.3) 

Pro 36 (5.0) 24 (3 7) 

Gly 9s (7.7) 41 (3.7) 

Ab. 42 (4.3) 22 (25) 

Val 3s (4 9) 25 (3.Y) 

Ma 2 (0.4) 0 (0) 

Ilc 40 (6.5) 37 (6.6) 

LCU 49 (7.9) 51 (9.1) 

Tyr I9 (4 4) I7 (4.4) 

Phc 24 (5.0) I2 (2x) 

ItIs 14 (2.X) 7 (1.5) 

Lys 21 (4.Y) IS (3.0) 

Arg 26 (5.8) 29 (7.1) 

Trp m (5.9) 

Glu-NH, IS (3.8) 
__ -_-- -..--.- 

E. triyono and Eheophorbw drupijero, have single pH 
maxima: at 5.6. 5.6 and 5.0 for rhc I, dl and d, phos- 

phataxs, rcspcxtlvcly. 

I’hc clTacts of three site-specific inhibitors, namely 
p-CMB [IO), PMSF [I l] and DEPC [ 123 are reported in 
Tabk 3. None of the inhibitors is notably efficient. 
minimally 10’ molar excess being rcquircd for complete 
inhibition. The data suggest that tbc enzymes fall into 

thra groups: phosphatascs I1 and d, where all three 
reagents have significant inhibitory effects. so implicating 
cysteine. scrmc and histidinc rcsiducs in the active site; 
phosphatascs I and dl where only the p-CMB is strongly 
inhibitory. suggesting a vital rok for cystcine rcsiducs, but 

PMSF IS wnhout cffcct and the hlstidinc specific reagent 
DEPC has only minor inhibitory ablhty. Phosphatasc I, IS 
unique m this catcgorlzation, b&g mhlbitcd by all thra 
reagents, but without high efficiency. 

The enzymes dcscribcd hcrc react with a range of 
synthctlc phcnyl phosphates [I31 and prchminary data 
show them IO bc analogous in mechanism with otbcr acid 
phosphatascs studied (1 131 and references cited therein). 
Of the physiological substrates cxamincd, while AMP, 
glucose1 -phosphate, glucose-6-phosphate, ribosc-S- 
phosphate and creatinc phosphate were unaffcctcd, ADP 
and fructose 1.6diphosphatc were hydrolyscd, the 
Michach~ Mcnten parameters for them being. rcspccl- 
ivcly, 2.4 and 0.52 x IO ’ M for K, and 2.3 and 0.14 
x IO “Msccfor V,,,,,. 

EXPERlMEhTAL 

Mormah Euphorbru /urhyr~.\ L. was grown from se& pncr- 

ously supplied by the Botamc Gardens, Lyon, France. E. rrwnu 

Haw. was a commerually obtauwzd spaxmen, and Ekwopkwbia 

drupJera Thonn. ex Schum, was from the Department of 

Botany. UnitcrsIIy of Cahforma. Davts. All plants were grown tn 

50:; sandsol at 23 and a dayhgh~ cyck of I8 hr. Larex was 

colkcted from inctsions in the stems of mature planls.ccntrifugcd 

at 20000 y f~ I hr and rhcaq. layer separated and stored at - 20’ 

for use as rcqulrcd. 

Ilnkss otherwise slated. reagents were oranalytlcal grade. All 

aryl phosphates were synthcuzcd as described ekewhere [ 131 

cxccp~ p-mtrophcnyl phosphate. which was oblamal from 

Sigma That company also supphal the his-pmrrophenyl phos- 

phase. pchloromcrcurlbcnzoatc (pCMB) and phenylmdhyl 

sulphonyl fluoride (PMSF). Dtcthyl pyrocarbonatc (DEPC) was 

from Aldrich. Scpharosc CM-CM8 from Pharmana and 

B~olyle ampholyta from BIoRad. whrh also supplied the BioGl 

PISO. 

Assoys Aad phosphatasc ac1iv11y was routmely dc~aminal 

by mcubatmg IO pl of cnzymc soln with 0.4 ml of 3 mM 

pmtrophcnyl phosphate (p-NPP) and 0.2 ml IO0 mM NaOAc 

bulTer. pH 5.8 at 37‘. After 10 mm, I ml of 2 M NaOH was added 

IO slop the reactton. and the p-nctrophenol rckascd measurai 

Table 3. Effccrs of three mhlkrors on the phosphalascs I, .z, I and d, 2: 

bracketed numbers arc rhe molar excesses ar which the reported pcrccnlagc 

inhtblhons ucrc observed 
.---_ -- ..-- .- ---.. ---_ - 

Phosphatascs 

lnhlbltor 1, 1, I d, dz 
--_ . . ____ _ _.__ _ .._-- --_ 

&MB 47(l@x) 93(lO’x) 100(10’x) loo(l(rx) 100~10’x 

PMSF rnoivw) 8O(lbx) O(lO’x) 65 (IO’ x b O(lO’x 

DF.PC rnoi@x) 8O(l@x) 22 (IO’ x ) 56(104x) I4 (IO’ x ) 
.---_ ..--. _ -.-. .- .- 
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PI 410 nm. Units of enzyme activity were expressed as pmol Phosphatasel, soobtained had a sp.ti. 1opNPPof0.68 U/mg, 
pmtrophcnol rckascd per min. II a sp. act. of 2 4 U/mg that of Ihc crude serum was 0.3 Uimg. 

Kmcuc assays were made by following the ra~c of product 

formation spcctrophorometrtily on a Bausch and Lomb Model 

Moo mstrument [ 13). All measurements were m 100 mM NaDAc 

bulTer. pH S.8. at 25. 

Protnn amen was cap& as Al,, units or dctcrmmcd uwng 

the modified Lowry procedure [ 141 
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Department of Botany. Univavty of Gliforn~ Dava. gcncr- 

ously provtdcd cutrmgs of Elaeophorbio drupcjwa. 
The method used lor rhe dctcrmmatmn of phosphate was that 

of ref [IS] using glauwarc washed with low-phosphate de- 

tergent and ex~ensrvcly rinsed with double-dutd H*O In the 

mhlbluon expzrlments reagents of known concn were mixed with 

IIK enzyme In 100 mM NaOAc buffer. pH 5 8 ar 2 I and revdual 

activity measured as dcscrlbed above. 
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