Gel Filtration Studies of Sugarcane
Acid Phosphatases
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INTRODUCTION

Strong phosphatase activity has been recognized in sugareane leaves flor
several years (7,2).2 This is helieved to be the work of several distinet
enzymes, making possible the rapid hydrolysis of erganie phosphates, and
posing a bijochemical threat Lo phosphorylated infermedintes of sugar syn-
thesis and metabolism, Unlortunately, good separation of these ealalysis
from contaainant protein has not been achieved.

More refined methods were made available for enzyme resolution by the
recent development of a material deseribed as Sephadex (/0). Added 1o
water or buffer, it forms o {rue gel which is readily packed into a column,
It is composed of eross-linked dextran which serves as a kind of moleeular
sieve. Mixtares passing through these cohimins are fractionated according
to constituent size. The material was first used to desalt and to coneentrate
proteins, the proteins being generally unabsorbed while salts were retained
on the eolumu. IFurther studies have shown (hat by varying the degree of
cross-linking, a variety of sieving potentials become available (4,5,6).

Gel filtration techuiques wore recently applied to sugareane leaf prepara-
tions containing high phosphatase aetivity, Owr objectives were twolold: 1,
To separale phosphatases from the bulk of contaminant protein; 2, to
separate the phosphalases [rom one another.

MATERIALS AND METHODS

PREPARATION OF ENZYAMIE SAMPLIES

Phosphalases were extracted from leaves +1 to 44 of 10-month-old
sugarcune which had been frozen, lyophilized, and ground to a line powder
in accordance with procedures deseribed earlier (7). The bulk of protein
was preeipitaied by bringing clavified solutions to 93-percent satwration
with solid ammomwm olate, af pH 5.5 and 22°C. Protein was taken up
i distilled water and dindyzed a minimuwn of 10 hours belore passage
throagh Sephadex.

b Associnie Plant Physiologist, Agricu (ural Experiment Station, University of
Puerto Rico, Wio Piedras, P.I.
! Ttalie niunhors in parentheses refer to Literature Cited, pp. 301-2.
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PREPARATION OF COLUEMNS

The dextran gel employed was Sephades CG-20070 A sall comount of the
powder was added to distilled water or hidler nunntained in n state of slow
agitation on o magnetic sticeer. When thoroughly sonked, exeess fhad was
decanted and the gel was powred into a 1.5 X 25-em. columm. The material
was added slowly in small inerements with care heing taken to avoid enfrap-
ment of air bubbles. A glass-wool disk was fitted near the top of the colunm
to retard turbulence of added sample and eluting fluids,

Four milliliters of phosphatase preparation were added {o the column,
Ordinarily, about 10 minutes were allowed for passage of the void volume,
but af times effluent colleetion was begun immedintely, One-milliliter
fractions were colleeted manually until all of the descending profein was
cluted. Columms could be reused without altering the flow patferns of
constituent profeins, but a Presh column was invariably packed for each
separation.

ENZIYMIE AHBAY

The standard phosphatase digest was composed as follows: [.0 ml. of
acetale bufler (pH 5.5}, 0.5 ml. of substrale (0.5 M* g-glyecrophosphate or
glucose-1-phosphate, 0.25 M ATDP, disodium salt), 0.25 ml. of distilled
water or additive solution, and 0.25 ml of phosphatase preparation. Con-
trol tubes received water in place of enzyme. The digest vessels were allowed
to stand for | hour at 30°C. In o constant-temperature wader bath., One
milliliter of (Q-percent trichloroacetic aeid was used to terminate the reae-
tion, and color development was carried out by the phosphomolybdic acid
technique described eaclier (/).

Protein content of phosphatase preparations was measured by the teeh-
nique of Sutherland ef al, (12). One activity wmif was arbitrarily defined as
the ammount of enzyme catalyzing the formation of (.10 mg. of inorganic
phosphorus under the presceribed conditions of the assay. Phosphatase
action was expressed as specifie activity (units per milligram of protein).

ELXECTROPHORESLS ANALYSES

Some of the phosphatase peaks oblained by gel filtration were concen-
trated by freeze-drying and examined electrophoretically. A Beckman
Model R paper eleetrophoresis syster was used. Standard separalions were
runt for 4 to 12 hours witl: 0.02- M phosphate buffer (pH 8.0 or 7.2) and a
constant. cuvrend supply of 2.5 MAL Paper steips were wir-diied ol the com-
pletion of a given run and then cut into 1-en. sections, These were eluted

* Supplied by the Parmacia of Fine Chemicals, Rochester, Minn,
L The letler M designates “molav’” hevein,
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with distitled water, and engymie wssays were condueted as wsual with the
protein sanples,

RESUETS AND DISCUSSION
SOLUBILITY FROPERTIES AND PH OUTIMA OF SUGARCANE PHOSPHRATASE

Allemp(s were made to isolate phosphatase from other leaf prolein prior
to gel filtration. Figure 1 illustrates the general precipitation of phosphatase
between 38- and 62-percent saturation by ammonium =ulfate, When glucose-
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PERCENT SATURATION BY AMMONIUM SULFATE
ra, 1.—Phosphatase activity among protein incremends precipitated {rom sugur-
eane leaf extraets by ammoninm sulfute,

1-phosphate was used as substrate the range of maximum precipitation was
somewhal narrower. Nevertheless, the 38- (o 62-percent [raction was ace-
cepted for gel filtration study, and this ineluded most of the leaf protein
originally extracted.

Optimum pH lay between 4.5 and 5.5 when g-glycerophosphate was used
as substrate (fig, 2). Both ATY and glucose-1-phosplhate were readily
hydrolyzed under husic conditions, as well as belween pH L5 and 6.0. This
is precisely Lhe sort of dala that sugpest distinet phosphatases within an
otherwise coneise solubility group.

The enzyme attacking ATP at pH 7.5 to 8.0 is particularly interesting.
Alkaline phosphatases, generally most active around pH 9.0, are widely
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pH
Fra. 2.—Effects of variable pH on phosphatase aetivity in sugareane leal prepara-
tions. The following buffers were employved: Acelate, pH 3.5-5.5; suceinate, pH 6.0~
7.07 and rishydroxymethylamino wmethane, pH 7.5-9.0.
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FRACTION MNUMBER
F16. 3.--Scparation of phospbatases from contaminant protein by passage of a
gugareane-leaf preparalion through G-200 Sephadex. g-glyeorophosphate was used
as substreate with the standard phosphatase reaetion.
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svown and huve been implicaled in bone formafion for more thao -H) years
(8), They are also known in intestinal mucosa and milk (9), and in snake
venom (7). Shuster and Waplan (/) have deseribed an alkaline nueleotidase
from ryegrass but no alkaline phosphatase has been reporfed in sugareanc.

RIESOLUTION OF A PHOSPITATASE-PROTEIN COMPLISX

Iligure 3, which represents a typical filtration run with Sephadex, shows
that the first traces of phospbatase activity appearcd in fraction 7, and that,
maxinnun aclivity was obtained in fraction 10. No appreciable protein
could be detecled prior to fraction T and the mass of protein comprising
{he original snmple was retained in [enetions 1 {o 240 Thus, 1wo distinet.
peaks could be plotted for enzyme and protein, and for the fust time during
our studies a strong phosphatase activity was isolaied from the bulk of other
protein constituents, Similwe separation of phosphatase from protein was
obtained when A'I'P and glucose-1-phosphate were employed as substrates.

The high degree of enzyme purification is illustrated by figure L. 1t ean
he seen that salt fractionation of phosphatase plus the subsequent dialysis
step each caused marked purity inereases, yel the gel filtration step alone
made possible a tremendous activily inerease over the second most favorable
treatment.

PARTIAL RESOLUTION OF PHOSPHATASE-INHIBITOR COMPLEXIS

[t was lenvned eavher that tences of either molybdemuan or fungsten emise
almost complete inhibition of sugarcane-leal phosphatases (2). This inhibi-
tion is competitive {4.e. reversible by high substrate concenlrations). 1t was
concluded that phesphatase is ot in itself damaged by inhibition and, in
theory, could he reactivated by cleaning awnay the inhibitor. Yet prolonged
dialysis of the enzyme-inhibitor complex counsistently failed to do this.

During the present studies the inhibited cuzyme was partly reactivaled
by passage through a Sephadex column. Sufficient molybdenum or tung-
sten was added to dialyzed, nonfilirated phosphatase to bring about com-
plete mactivation (.10 gmol of inhibitor per milliliter of cuzyme solution).
Filtration through Sephadex apparently left mueh of each inhibitor ab-
sorhed upou the gel (fig. 5), Gel filtration is thereby vindicated as an enzyme
cleaning process which, at least in this instance, Is superior to dialysis,

FAILURE TO SEPARATE PUHOSIMHATASES FROAM ONE ANOTHER

Although phosphatases were generally well separated from contaminant
protein, the enzymes themselves passed through Sephadex in a group (fig.
6). No satisfactory resolution of individual enzymes was obtained. This may
indicate that all leal phosphatases ae of identical sive. It is also probable
that a high degree of protein-protein binding exists imong the phosphatases.
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Fri. 4.-—Rpecific nctivily inerenses for sugarcane leaf phosphatase during pro-
gressive purification steps. g-glycerophosphate was used as substrate with the stand-
ard reaction,

500
8 e o Mo Inhibitor Added
1001 A—hm— A Mo Added 7
' o= 00 W Added
e
-
> 300} J
=
18)
a
U
E 200 “
i)
it
418
(%]
100 |- ot
0 1 i
Q 4 24

FRACTION NUMBER
Fra. 5.—Phosphatase activity smong Sephadex offluents from samples to whieh
the inhibifors molybdewm and tuugsten had previeusly been added. Inhibitor con-
centration was .01 gnol per milliliter of enzvme preparation. g-glyeerophosphate
wits used as substrate.
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Sophadex studies with sugareane invertases® and amylases (3) revealed
different mobility patterns when buffer rather than water was used to pack
and elute columns. Coneise peaks obtained with water tended to shur to-
gether with buffer in ihe area of major protein passage. I'or invertase this
was altributed to increased ioniec strength due to the buffer, Later work
with amylase showed that NaCl solutions of ionie strength equal to the
buffer permitted wobility patterns identical to those obtlained with water,
and if, was concluded that a pH effect had been exeried by the buffer. Thus,
during the present investigation, we considered that alfering either the
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FRACTION MNUMBER
Fig, 6.~ Phosphutase aclivity and protein eontent of Sephadex ellluents {rom
eobitmns packed and clated with water, One-milliliter fractions were colleeled. Reae-
Lion time was 20 minutes rather than 1 hour.

iouie strength or pH of the packing media might cause separation of phos-
phatases into distinet peaks, All such atlempts proved negafive.

Larlicr work had also shown that amylase peaks obtained by gel filtration
could be separated electrophoretically into distinet positively and negatively
charged componengs. Similar attempts with sugareane phosphatases were
less successtul (fig, 7). Virtually all phosphatase activity remained at the
point of application during a typical 2-hiour run, and only slight migration
toward the negative pole was achieved after 7 hours. Ouly a single phos-
phatase peak was evident after each run and enzyme aclivity was markedly
curtailed as the cleetrophoretic period was lengthened, Similar resulis were

¢ Unpublished experiments.
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oblained with undinlyzed preparations passed through Sephadex and with
preparations nol subjected to gel filration at all,

We conclude that sugareane leaf phosphatases comprise w group of
enzymes with almost identical solubility properties, and are nearly identical
wilh regard to molecudar size. They apparently experience strong protein-
protein bindimg, and, as a group, they must bear a virtually neatral eharge,
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STRIP NUMBER
Fra, 7.-Phosphatase activity of Sephadex peak areas subjected tu eleetrophoresis
for varying periods of {howe. One-centimeter sfrips were cub nnd aliied with water.
Srip 13 ineludes the area of saruple applieation.

SUMMARY

(el Gltration studies were conducted with sugareane leaf-protein prep-
aralions bearing strong phesphatase activity. The objectives were to 1solate
phosphatases from contaminant protein, and from one another. Hephadex,
u dextran gel possessing variable sieving properlies, was employed in 1.5 X
25-cm, eolumns packed and eluted with water ov huffer,

(Good resolution of enzyme and profein constituents wus oblained. Col-
leeting 1-ml fractions during a typieal {ifoation, major phosphatase we-
tivily was gathered in fractions 8 to 10, while the mass of noneatalytic
protein trailed behind in fractions 19 to 24, The fltration process also served
o remove such inhibitors as molybdenum and tungsten, permitiing partial
reactivation of inhibited enzyme,
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Attempts Lo separale phosphatases front one another by gel filteation
and paper electrophorests were negative, 1t was concluded that sugarcane
leaf phosphatases have nearly identical properties with regard {o solubility,
molecular size and type of charge. A powerful protein-protein binding is
also suspected mmong different phosphatases,

RESUMEN

Se hicieron estudios de filtracion de gel, con preparaciones de protefnas
extrafdas de las hojas de la eadta de azitenr en las que la fosfatasa se mostrs
muy activa, Los objetivos eran aislar las fosfatasas para evitar que se con
taminaran con proteing, v separar [as unas de las otras, Para este An se uso
Sephadey, gel de dextran que al aetuar de colador posce propiedades varin-
bles, en ecolumnas de 1.5 X 25 em., diluido con agua o con un agente amorti-
guador.

Se logréd una buena separacion de la euzima y Jas proteinas. Al recoger
fracciones de 1 ml. durante una filtracion tipiea, In actividad mayor de la
fosfatasa se obtuvo en las [racciones del 8 al 10, mientras que lamasa de la
proteina no-catalitica quedé rezagada en las fraceiones del 19 al 24. Il
proceso de filtracién tambidn sirvid para remover inhibidores, tales como
el molibdeno y el tungsteno, permitiendo ast la reactivacion de la enzimna
inhibida.

Fueron negativos los esfuerzos por separar las fosfatasas, una de la ofra,
medianta la filteacion de gel y por electrofdresis de papel. Se llegd a lu con-
clusién de que Tas fosfalasas de la hoja de o cafin de azdear poscen pro-
piedades casi idénticas respecto a solubilidad, taumano de las moléenlus y
tipo de carga. Se sospecha, adewds, que entre las diversas fosfatasas existe
unc extraordinaria fuerza de vinculacién que une proteina a proteina.
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