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Ahtract.-Acid phosphatase (optimum pH at 5.2) purifiad from maize scutcllum both in a state of dormancy and 
during the first 24 hours of seed germination has a M, of co 65 000, contains 6 % neutral sugar, maintains its catalytic 
activity after succinylation of 52 free amino groups per mokcukand does not show the apparent movcnmmt of optimum 
pH from 5.4 to 6.7 in the presence of 4 mM fluoride. Kinetic data showed Michaelian bchaviour for the enzymatic 
hydrolysis of PNP-P and an apparent number of Pi bound per mokcuk equal to one. Our results also suggest that the 
increased acid phosphatase activity in ma& scutellum as a function of sad germination could be the result of 
modifications in the enzyme mokcuk. 

We have shown that the acid phosphatasc present in 
scutella of maue seeds after 96 hours germmation is 
monomeric (M, cu 65 000). contains 16 y0 neutral sugars, 
probably has only a singk catalytic site for Pi and 
maintains its catalytic activity after succinylation of 52 
free amino groups per mokcuk [ 1. 31. The enzyme shows 
a kinetic transition from ncgativccoopcrativity (at pH 5.4) 
to Michaelian bchaviour (at pH 6.7). The negative coopcr- 
ativity is also abolished by increasing Pi concentration. by 
suazinylation. by lowering the pH of the assay and by high 
glucose concentrations 13. 41. In the present paper we 
describe some kinetic and structural properties of the acid 
phosphatase present in maize scutellum both in the 
dormant state and during the first 96 hours of seed 
germination. Our results provide no evidence for syn- 
thesis de nmo of this enzyme [5] and suggest that 
molecular modifications could be responsible for the 
increase in acid phosphatav activity occurrmg during 
sad germination. 

RFSULTS ASD DISCUSSION 

As expected [6]. clcctrophoretlc analysis showed a fast- 
migrating band with an ekctrophoretic mobility of co 0.59 
as the sole acid phosphatasc activity present in the crude 
extract and ammonium sulphate fractions of scutellum 
tissue, both in the dormant state and during the first 
48 hours of seed germination. In addition to this fast- 
migrating weakly-staining acid phosphatasc activity, a 
slow-migrating enzyme with an ckctrophorctic mobility 
of co 0.30 was also observed after 72 hours. This band was 
the only one present in scutcllum after 96 hours or longer 
periods of sad germination, if the sads were still viable 
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and producing strong seedlings. Only the fast-migrating 
acid phosphatasc was observed in scutcllum of non viable 
seeds showing poor sculling growth (kss than 1 cm after 
120 hours of seed germination), suggesting that the 
presence of the slow-migrating enzyme is important for 
the full development of the maize seedling. 

In an attempt to distinguish these two acid phos- 
phatascs, we modified slightly the purification procedure 
described earlier [I] and determined some of the kinetic 
and structural properties of the enzyme as a function of 
sad germination. The enzyme, purified from IO-hour-old 
maize scutcllum tissue, elutcd from DEAE~cllulosc at pH 
7.4 as Fraction I and purified 54-fold over the crude 
extract with an overall yield of 5 9,. showed heterogeneity 
on 7.5 y0 PAGE at pH 8.3 with an clcctrophoretlc mobility 
of co 0.30 and a low spc-c~fic activity with PNP-P 
(5.4 umts.mg ‘) as compared to that described earlier 
[I]. The change in ckctrophorctic mobility was also 
observed after purification of the enzyme prcscnt in 
scutella both in a state ofdormancy and during the first 72 
hours of seed germination (Fraction I). This rcsulr 
suggests that possible molecular associations were eltm- 
inatcd and that the ckctrophoretrc pattern of the crude 
extract was an insullicient criterion to establish the 
presence of distinct acid phosphatascs In scutelk of maize 
seeds. The neutral sugar content of the enzyme was 6”, 
and the M, was co65000 as determined by exclusion 
chromatography or by SDS-PAGE. Although ckctro- 
phorctically nonhomogcmzous, the enzyme was also found 
by titration with TNBS to contain 52 fra ammo groups 
per molccuk [2]. After succmylation of all of these 
groups, no important variation was dctactcd m the 
catalytic activity of the enzyme. The pH activity profile 
showed optimum pH at 5.2 when determined in the 
presence or absence of 4 mM fluoride, with an inhibitory 
effect of 60%. Thus. the apparent dislocation of the 
optimum pH from 5.4 to 6.7 in the presence of fluoride 
observed after 48 hours of seed germtnation could not bc 
attributed to the ionization of substrate and/or fluortdc 
[I]. In any case, if a modification did occur in the enzyme 
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mokcuk, it had not yet all&ted the ckctrophorctic 
pattern when the gel was stained for activity. The acid 
phosphatase showed no signifkant activity toward bis- 
PNP-P or phytic acid at any time of seed germination. 
Furthermore, the rate of B_glyoerylphosphatc and 
glucose-6phosphate hydrolysis was enhanced about 4- 
and S-fold after 48 hours or longer of seed germination, 
respectively, in relation to that obtained with PNP-P. 
Thus, we may also asaumc that molecular modifications 
could be rcsponsibk for this kinetic transition. 

When the enzymes present in 7thour-old maize scutel- 
him tissue were purified, one of them was eiutcd as 
Fraction I and the other two as Fraction II. Frrrtioo 1. 
purified l4l-fold over the crude extract with an overall 
ykld of 8.4 %, showed heterogeneity on 7.5 % PAGE at 
pH 8.3, an ckctrophoretic mobility of co 0.30 and a high 
specific activity with PNP-P (71 units*mg- ‘) as com- 
pared to that reported earlier [l]. The neutral sugar 
content was about 7-12 “/, corresponding to intermediate 
values between those shown by the enzymes puriticd from 
IO- and 96hour-old scutcllum tissue [I]. No vari- 
ation was observed in M,. in the number of free amino 
groups per mokcuk. in the catalytic activity after cxtcns- 
ivc succinylation of the enzyme, in activity towards 
various phosphomonoeaters, or in the pH depatdena for 
fluoride inhibition when these properties were compared 
to those shown by the enzyme purified from 96-hour-old 
scutcllum tissue [I, 21. The presence of two enzyme form.% 
cluted as Fraction II and ekctrophor&ally indistinguish- 
abk. also sams to be related to time of seed storage since 
they were still observed in *hour-old scutcllum tissue 
from rbcmtly harvested seed.5 (maximum storage time of 
3O days) Furthermore, only one enzyme form (Fraction 
II) was observed in 72-hour-old scutellum tissue of seeds 
stored for long periods of time (minimum of 6 months) 
but still viabk and showing stroog seedling growth. 

The enzyme purihal from 96hoursld maize scutcllum 
tissue of seeds stored for at least 6 months, clutcd as 
Fraction II and purified 118-fold over the crude extract 
with an overall yield of 7.80/, appeared to be homogc- 
ncous on 7.5% PAGE at pH 8.3, with the protein band 
being supetimposabk on acid phosphatase activity. These 
results indicate that, in this prccedure, purihcation Of the 
enzyme to elcctrophorctic homogeneity depends on 
storage time and on seed germination. This dependence 
was also observed when the ekctrophoretk patterns of the 
ammonium sulphate fraction stained for proteins and 
obtained from lO- and 96-hour-old scutcllum tissue 
of seeds stored for 6 months were compared. All pro- 
perties found for the enzyme purified by the praxdure 
described in this paper were similar to those previously 
found for the enzyme described earlier [ 11, except for the 
higher specific activity with PNP-P at pH 5.4 
(71 units.mg i). A similar specific activity value was 
found for the enzyme after extensive stinylation, re- 
chromatography on Stphadex G-75 [I, 21 and concert- 
tration by ultrafiltration. The acylated enxymc showed a 
neutral sugar content of 9% and was detected in the 
dialysablc fraction along with possibk low-M, glyco- 
proteins (absorption at 200 nm a characteristic reaction 
with the Folin-Ciocaltcau reagent 173 and a neutral sugar 
content of 40%). Thus, the ekvatcd concentration of 
sodium chloride in the clution bufTer of the Sephadex G- 
200 column (see Experimental) seems to @ace the effect 
of suocinylation in terms of increased specific activity Of 
the enzyme. It sams clear that this mokcular association 

does not affect the ckctrophorctic pattern or M, of the 
enzyme. 

Heat inactivation at 65” and at pH 5.4 showed half-lives 
of 2.5 min (k = 0.27 min ’ ), 4 min (k = 0.17 min ‘) and 
5 min (k - 0.14 min ’ ), respectively, for the acid phos- 
phatasc purified from IO-. 72- (Fraction 1) and 96hour- 
old scutcllum tissue. This increase in thermal stability 
could be attributed to the increased percentage of neutral 
sugars attached to the enzyme mokcuk during gcrmi- 
nation. The half-life of 5 min shown by the enzyme 
purified from 96-hour-old scutcllum tissue is similar to 
that shown by the succinylated enzyme 123. Thus. the 
higher half-life value (6.8 mm) obtained for the native 
enzyme purified as descriw earlier [I] could lx attri- 
buted to the mokcular association described above. The 
time course for inactivation of the acid phosphatase 
present in scutcllum tissue of dormant seeds and during 
the first 24 hours of seed germination follows simpk fint- 
order kinetics (half-lives of 2.5 mitt), independent of the 
stage of enzyme purification. After 48 hours or longer 
periods of seed germination, the time course for the 
enzyme inactivation follows simpk first-order kinetics 
only if it is purified until the final step of the procedure 
described here. This result also suggests the existence of 
mokcular associations with the enzyme. 

Figure 1 shows the doubk reciprocal plots of the initial 
velocities for acid phosphatascs purified from scutcllum 
tissue as a function of PNP-P concentration. It can be 
seen that the enzyme purified from IO- and 72-hour-old 
(Fraction I) scutellum tissue showed no deviation from 
Michaelian behaviour 183. with the respective K, values 
being 2.6x IO-‘M (n= 1.02) and 1.4 x lo-* M (a 
= 1.02) at pH 5.4. The interaction constants for Pi 193 
determined at 1.4 mM PNP-P against Pi concentration 
were 1.0 and 1.1 for the enzyme purified from lO- and 
72-hour-old (Fraction I) scutcllum tissue, respectively, 
indicating that these enzymes also have only a singk 
catalytic site [3]. The K, values were quite similar for both 
enzymes (2.5 x 10 ” M and 1.5 x IO-’ M, respectively, 
for the enzyme purified from IO- and 72-hour-old scutcl- 
lum tissue). As shown in Fig. 1, the doubk reciprocal plots 
of the initial velocities for the acid phosphatasc purified 
from 96-hour-old scutcllum tissue arecompatibk with the 
negative cooperativity phenomenon (K,,, = 4.8 
x IO ’ M and n = 0.70). indicating that the deviation 

Fig. 1. Doubk-reclproal ptou of vcloci~y of purified maize 
saitcllum rid @osphatasc ar P funaion of PNP-P oonan- 
t&on PI pH 5.4.0.0. Cl &cl phoapharrr purified from I@. 72- 
(Fraction I)and pbbour-&l maize mitcUum tissue, res@vely. 
ti tube coutaincd 5~ (.A 3t3Oag (0) and 29Oag (0) of 

p&&d enzyme. For details su Experimental. 
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from Michaelian behaviour 183 could not be attributed to 
the molecular associations described above. This kimtrc 
phenomenon was also shown by all enzymes retained by 
DEAEcellulm at pH 7.4 (Fraction II), further support- 
ing our hypothesis that the cause of this kinetic pheno- 
menon at pH 5.4 couid be the ionization of the enzyme 
mokcule [3]. 

The enzyme present in xutellum tissue at any time of 
seed germination (O- to %-hour-old) and at any purifi- 
catron step (including crude extracts) did not catalyse the 
transfer of Pi from 6 mM PNP-P to glucose, glycerol or 
inositol, when the acceptor concentrations were 0.05.0.20. 
0.50 and 1.0 M and the assay system had been buffered at 
pH 5.4. 6.1 or 7.1. In all assays, the pnttrophcnoxide 
ionfra Pi ratio was near 1.00. 

The results reported here do not support the hypothesis 
that the increased acid phosphatase activity detected in 
scutellum tissue of maize seeds during germination [ 11 is 
the result of synthesis de notv IS]. Thus, it is possibk that 
the enzyme is modified during germination (including 
carbohydrate attachment) and that these modifications 
play a role in the development of maize seedlings. 
Considering that the cytoplasmic pH of scutellum cells is 
alkalinized during sucrose transport [ 10, I I J, no nut- 
ritional rok could be attributed to this cytoplasmic 
enzyme 1 I J. which does not hydrolyse phytrc acid at any 
pH or other possible natural substrates at pH 8.0, and 
does not catalyse the transphospho~~tion reaction. 
Thus, it is possible that the enzyme, which might be 
synthesized during seed formation, is transported to 
another sate to exert its catalytic function in the germi- 
natlon of the seeds. It is well known that scutellum tissue 
plays an important rok in transport as a whole, and 
specifically in the secretion of z-amylase into the en- 
dosperm during the germination of maue se&s [ 121. 

EXPLRt.HE>-FAL 

Enrpnr preparation. Acid phosphatase present in scutella was 
extracted, fractionated with (NH,),SG, and chromatographed 
on a DWEccllulose column (2 4 x 43 cm) previously qutlib 
rated wrth IO mM NaGAc. pH 5. as described in ref. [I]. The 
elvyme was dtalysed for 20 hr against I2 I. of IO mM Tris-HCl 
buffer, pH 7.4, containing 4OmM NaCl (with two buffer 
changes), applied to a DME-cellulw column (2.4 x 7Ocm) 
previously quilibratai with the buffer used for dialysis, and the 
unabsorbed protems were &ted at a flow rate of 120 ml/hr 
(2Oml fractions). When the &ate showed actd phosphatase 
activtty the enzyme peak (Fractton I) was diaiyscd agamst 10 1. of 
IO mM Tris HCI b&r, pH 7.4, for 20 hr with two but&r 
changes and coned by chromatography on a DEAEccllulose 
column (2 x 2 cm) previously equilibrated with the buffer used 
for dtalysts. After washing wtth SO ml of the same huger. the 
enrymc was usually elutd wtth the first 6 ml of 0.1 M NaOAc 
buffer, pH 5. at a Row rate of 12Oml;hr. Solid NaCl at a final 
concn of 0.5 M was added to this enzyme fraction. Tbe proteins 
absorbed on DEAEcellulose at pH 7.4 (see above)_ were eluted 
wtth 10 mM NaOAc (pH 5) at a flow rate of 60 mljhr (6 ml 
fracttons). When the cluatc showed acid phosphatase activity the 
enzyme rusk (Fnrtion II) wasconcd by ultrafiltration, with NaCI 
and NaOAc added at final concns of 0.5 M and 0.1 hi, respect- 
~vely Both fractions I and II were independently chromato- 
graphed on a Scphadex G-KW) column ( I .2 x I30 cm) previously 
equilibrated and cluted with 0.1 M NaOAc-(pH 5) containing 
0.5 M NaCl, at a flow rate of 7 ml/hr (2.5 ml fractions). The 
enzyme peaks were dialysed for 20 hr against 8 1. of JO mM 

NaOAc, pH 5 (wtth two buffer changea). coned by ultrafiltratton 
and stored at 4)“. 

Assay proccdurrs. pNitropbanylphospbatc or his-PNP-P 
hydrolysis was carried out at pH 5.4 aa ckscribcd in ref. 133. 
G-6-P. /3&arylphosphtc and phytic acrd hydrdysis was 
arribdoutardcMibcdinrrf.[I].TbetibnritedPI~mcPsurad 
by the method of ref. (131. Incubations were carried out at 37’. 
and all enzyme activities were measured in duplicate for at least 
two ttme tntervals. One unit of acid phosphatase is def3nai as 
I pmol substrate hydrolysed.min - ‘. The buffers usal to cover 
the pH range required for determination of tk optimum, in the 
presenceorabsemeof4mMKF,wcreO.I MNaOAc(pH4 58). 
0.1 M Na makate (pH 5.8 7 2) and 0.1 M Trts HCI (pH 7.2 to 
8.5). The extent of transphosphorylatton from PNP-P to glucose, 
glycerol and mositol wasestimated by measuring the hberated p- 
nitrophenol and Pt from the same reactton tube as descrtbed in 
ref. [ 14). After incubation for 5 min at 37 . the reactton was 
stopped by the addition of I ml cold 100, TCA. Samples were 
taken and ~nrtrophenoxibc ion and Pi were measured as 
described tn refs [ 3J and [ 13 3. respectively. Protan was measurai 
by the method ofrcf. [7] ustng BSA asa standard Neutral sugars 
were measured by the method of ref. [IS] using glucose as a 
standard. Disc ekstrophoresis was carried out by the method of 
ref. [ 163 as described in ref. [ 173. The enzyme activtty bands were 
developed by the method of ref. (IS] as descriw tn ref [6] ‘The 
ratio of the dutance covered by the enzymes to the distance 
covered by Bromophenol Blue (ckctrophoretr mobthty) was 
mcssurcd. hf. was masursd as described in ref. [ 193 (1.5 
x I I6 cm Sephadex G-200 column quilibratai and clutai with 
SO mM NaOAc but&r. pH 5. 2.5 ml fractions, at a flow rate of 
10 mllhr) and by the method of ref. [2O] as described in ref. [I]. 
using appropriate M, markers. The number of free amino groups 
in the protein was determined by using TNBS [2 I]. Sucoinylatmn 
of the mokcuk was performed as ckscrtbed in ref. [Z]. Thermal 
inactivation at 65’. pH 5.4, was performed as described in ref. [ 31. 

I(ineric srdies. Initial v&citics were plotted as desrribcd in 
ref. 1223. Values of apparent inhtbition constants for PtfKi) were 
determined from Dixon plots as described in ref. (231 or from 
plots of log re- k,,v, vs log Pi concns as described in ref. [PI. 
Interactton constants for the substrate (n) and Pt (n’) were 
determined by the methods of rcfs [24] and (93, respocttvely. The 
kinetic constants given tn this paper were obtatned from linear- 
square analysis. When biphasic kinetics was observal, K, , was 
determined by OK Hill procedure as deacribcd in ref. [ZS]. 
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