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Abstract—The enzyme fructose-1.6-diphosphatase (FDPase), involved in the reductive cycle of the pentose phos-
phate pathway, has been purified from spinach leaves by heating (30 min at 60°), “salting out” with ammonium
sulphate (between 3370 af saturationy, fltcation theaugh Sepladex G- 108 and G-208, fractionatian oa DEAE-
52 ftulrmst wid PiepaTETTR YRUTVPARIRSD n PRyt yiatidr gl Fivereon tnvugh BEALuoR RA W
the isolation of two active fractions (fractions I and II) with very close MWs and isoelectric points. By electro-
phoresis on acrylamide gel, both fractions gave two active fractious (fractious [~1, aad I -1} The (ractions
with low electrophoretic migration rate—I, and Il,—are stable in acid and neutral pH, have a MW between
90000 and (13000 and constitute the native form of the photosyathetic enzyme. The fractions of fster migration
rate—I, and II,—originate from the corresponding fractions I, and II, under alkaline conditions, show half the
MW of the respective fractions, and behave as subunits of the original dimer form. Mcasured by electrofocusing,
the four active fractions have isoelectric points in the range 4-10-4-30.

INTRODUCTION

FrUCTOSE-1,6-diphosphatase (E.C. 3.1.3.11; FDPase) is a key enzyme in the regulation of
carbohydrate metabolism. Its occurrence has been demonstrated in many organisms. In
yeast and animar ssues this enzyme has been mainty nvestigated because of its implica-
tion in the gluconeogenesis pathway. The enzyme from rabbit and rat liver has been exten-
sively studied.'= In plants FDPase activity has usually been related with photosynthesis,
but the existence of an enzyme with the same action implicated in the reverse direction
of glycolysis has been observed in germinating wheat germ,* in the endosperm of castor
beans® and in the nonphotosynthetic tissues of spinach leaves.”

Data concerning the FDPase from photosynthetic tissues is scarce. The enzymes of
Opuncia ficus-tndica chlaraphyliic parenchymd,? aud ped.” Rictus’® aad aavy-dean '
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leaves have been studied. The FDPase {rom spinach leaves has been studied in more detail ;
Racker and Schroeder'? and Smillie'? found its optimum pH to be about 80, the reaction
being dependent on the presence of Mg® ™ and showing a very high specificity for fructose-
1,6-diphosphate as substrate. Similar results were obtained later with the enzyme from
tapioca leaves.!* Further work by Buchanan et ul.'?'* indicated the existence of a very
sophisticated mechanism of enzvme regulation: reduced ferredoxin is needed for enzyme
activity and, in cooperation with a “protein factor”., converts inactive FDPase in the active
form.

Working with the enzyme obtained from a crude extract of spinach leaves. we found
several active fractions when the clectrofocusing technique was employed. Further exper-
iments demonstrated that all these fractions belong to the photosynthetic enzyme system,
and the possible physiological role of this enzymic heterogeneity in photosynthesis
prompted us to investigate them in more detail.

RESULTS
Figure 1 shows the elution pattern in DEAE-cellulose, when crude extract of whole
spinach leaves was employed as starting material. Previously. with both Sephadex grades
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only one fraction with FDPase activity was obtained. However, on passage through
DIEAE-52 cellulose. two active fractions are clearlv sgparated. The first one (fraction I is
collected at 0-25 M NaCl shortly after the elution of the bulk of non enzymic protein; the
second one (fraction I1) eluted when the NaCl concentration was increased to 1 M.

When chloroplast lysates were used, the protein and FDPase elution patterns in
Sephadex G-100 and G-200 were very similar to those found with whole leaves, but in
much smaller total amounts. However only the fraction II was obtained from DEAE-cellu-
lose, probably due to the loss of enzymic material in the chloroplast isolation procedure.

When the active fractions I and II were developed in analytical acrylamide gel electro-
phoresis, each gave rise to two active fractions after detection in situ of FDPase activity.
In addition, one inactive protein band appears between both as an impurity in the gels
SLRETED Wt SITOGHIack.

In accordance with this, preparative electrophoresis on polyacrylamide gel gave, from
bwinrachons? anb™M. Two Mgy poribedb achve prowms. Y ne gredier. namen sUPrac-
tions I, and I, eluted very fast and could be obtained fully active in acetate buffer (see
Experutentaty. Thie muior suvfractions, 1, and 11, of tow etectrophoretic moovitiies, ctuted
tog late and were completely and irreversibly inactivated. Nevertheless its FDPase activity
was clearly demonstrated in situ after its electrophoretic differentiation.

A similar, clear resolution of fractions I and II in the subfractions 1,-1, and IT~II, was
achieved by electrofocusing in a density gradient. The elution pattern of fraction { after
electrofocusing in 3-10 pH gradient is shown in Fig. 2. Isoelectric focusing of fractions
1, and T, gave pI values of 4-25 and 4-15, respectively. Similarly, the pl values of fractions
11, and II, are 4-30 and 4-10.

The purification procedure starting from chloroplast lysates is summarized in Table 1.
As mentioned above, only one fraction with FDPase activity is found in the DEAE-cellu-
lose step. due to the reduced amounts of active starting material. Even so the specific acti-
vity of this fraction was calculated on the basis of the maximum protein content. The puri-
ficcanion sieps nsMe crobe exiratis o sonatnieaves as sOUITE O Bnzyme, are summarzed
in Table 2. As it was not possible to determine the specific activities of fractions I, and
11, separated by preparative clectrophoresis on polyacrylamide gel, all the specific activi-
ties ‘pave been calomdaied n the foor aciive peaks sohated by Deciroiotnsing i GeEnsiy
gradient, taking for the calculation the fraction with highest absolute activity.

DISCUSSION

The characteristics and behaviour of the enzyme purified from chloroplast lysates un-
e@uivocahy OemnonsIrate Hat the enzyme sohied Tom whthe Heal exiratis tortesponds 1o
the photosynthetic FDPase, the gluconeogenic enzyme being completely inactivated and
discarded. The low yield of the chloroplast isolation procedure and the high proportion
of enzyme (often up to 90%) lost during the process because of the high solubility of the
chloroplastidic FDPase,?” makes it inadvisable to use isolated chioroplasts for preparative
purposes. Consequently, whole leaf extracts were systematically employed as starting
material.

The photosynthetic FDPase has been obtained highly purified from very few sources:
the photosynthetic bacteria Rhodopseudomonas palustris*® and Rhodospirillum rubrum,*>

'7 SmiLLIE, R. M. and FULLER, R. C. (195Y) Plant Physiol. 34, 651.
'8 SPRINGGATE, C. F. and STACHOW, CH. S. (1972) Arch. Biochem. Biophys. 152, 1.
19 Joint. 1. R.. MORRIS, 1. and FULLER, R. C. (1972) J. Biol. Chem. 247, 4833.
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TABLE 1. PURIFICATION OF FRUCTOSE-1.6-DIPHOSPHA TASE FROM SPINACH LIAVES CHLOROPLASTS

Protein Enzyme Specific Purification
Purification step (mg) units activity (x)

Crude extract 4850 524 il 1-0
Extract heated at 60° 3108 411 013 2
Salting out with (NH,),SO, S60d 390 069 64
Filtration through Sephadex G-100:

fraction of highest activity 0-50 67 13-4 124

mixed active fractions 146 155 106 98
Filtration through Sephadex G-200:

fraction of highest activity 014 43 307 284

mixed active fractions 0-37 hae 235 217
Chromatography on DEAFE-52 cellulosc:

active fruction 11 <04 I 45%* 417%

* Calculated on the basis of the maximum assumed of protein content.

TaprLr 2. PURIFICATION OF PHOTOSYNTHETIC FRUCTOSE=1,6-DIPHOSPHATASE FROM SPINACH LEAVES

Protein  Enzyme  Specitic Purification Yield
Purification step (mg) units activity (RS (")

Crude extract 25402 4579 017 10 100
Extract heated at 60 13171 3489 026 I3 76
Salting out with (NH,),S0, 2143 1927 0-90 52 42
Filtration through Sephadex G-100:

fraction of highest activity 194 126 &5 38

mixcd active fractions 3640 1591 44 25 33
Filtration through Sephadex G-200:

fraction of highest activity 9-3 97 104 61

mixed active fractions 1246 1032 83 48 2
Chromatography on DEAE-52 cellulose:

active fraction 1 77 321 39-1 228 ?

active fraction 11 10-7 516 488 290 1
Electrofocusing in density gradient:

fraction I, - 89-2 528 —

fraction I, 104-3 610

fraction 11, - 89-1 524 -

fraction II, 1112 634

) 1

the algae Euglena gracilis,™® and castor-bean'® and navy-bean'' lcaves. Racker and
Schroeder’” obtained for the first time a purified preparation from crude extracts of whole
spinach leaves, and Preiss et al.?' and Springer-Lederer et al.*? from chloroplast lysates.
More recently, El-Badry and Bassham?? reported the crystallization of the enzyme, and
Buchanan et al.'® suggested the possible heterogeneity of the FDPase from spinach leaves.
The purification procedure we have developed takes advantage of two characteristics
of this enzyme: high thermal stability and strong acid pI. Racker and Schroeder!- found
that the photosynthetic FDPase from spinach leaves was fully active after heating at 62
for 15 min at pH 5-8. and App and Jagendorf*” working with the enzvme from Euglena
0 App. AL AL and JAGENDORF. A, T. (1964) Biochim. Biophyvs. Acta 85, 427,
‘ Preiss. J.. BiGGs, M. L. and GREENBERG. E. (1967) J. Biol. Chem, 242, 2292,
- SPRINGER-LEDERFR. H.. EL-Banry. AL M., OTrENHEYM, H. C. J. and Bassuam. 1. A. (1969) Biochim. Biophys.

et 189, 464,
** EL-Bapry. A. M. and Bassiam. 1. AL (1970) dbstracts American Chemical Society, No. 138, Chicago.
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gracifis retained the activity after treatment at 60° for {Gmin at pH 51{. We have found
that heating the enzyme from spinach leaves at 60° for 30 min at pH 7-5 has no effect on
the FDPase activity. Heating at more acid pH values progressively alters the enzyme,
which precipitates nearly quantitatively at pH 4-5.1° On the contrary, the FDPase from
the photosynthetic bacteria Rhodopseudomonas palustris exhibits a considerable thermic
sensitivity, highly purified preparations being inactivated more than 65% after ! min at
50°.18

Also the acid characteristic of this enzyme have been widely used in its purification from
diffeiens svaiens. Behwmivn i wh. piruipracd YR spyimech UrEynr ot pis 4 9, and iRt
authors have used its strong affinity for the DEAE-cellulose.?® Using the electrofocusing
technique we have found that the pI values of the different active fractions of the spinach
FDPase are between 4-10 and 4-30. This result explained the high ionic strength needed,
even at pH 5-5, to elute the enzyme from the DEAE-cellulose column. In agreement with
these pi valers we tarve Wond thet e sopriteiatis vdiamed afitl vorfkeii piecipiiation
at pH 4°5, according to Buchanan et al.,'® still show FDPase activity.>*

The results obtained by filtration through Sephadex G-100 and G-200 indicate the exist-
ence of a single enzymic protein in the experimental conditions used, with a MW around
90(dd-{3030dd. Thus value (s much {ower than that of (95000 reparted by Prelss and
Kosuge,>® and close to the values, 145000 and 130000, found by Buchanan et al.'® using
ultracentrifugation and filtration through Sephadex G-200, respectively. Scala et af.’®
reported a value of 120000-135000 for the photosynthetic enzyme of castor-bean leaves,
and Springgate and Stachow!® gave a value of 130000 for the FDPase from Rhodopseudo-
monas palustris. The MW of the gluconeogenic FDPase is very similar, with values of
10CGA0, (27000 and (33000 for the enzymes from Candida utilis,?? {iver?” and muscle?®
of rabbit, respectively.

The results obtained by chromatography through Sephadex and DEAE-cellulose sug-
gest that both fractions I and I have very similar MWs and charges. Indeed, the pls are
in the very narrow range of 416-430 and, as we found in furthier experiments, the PIW
of firaction 1 1s 92800 and that of the fraction 11 is 104000-116000. These are also the vatues
we have found later for the two fractions of slow migration rate (I, and I1,) in polyacryla-
mide ge) eleciropnoress. On he oiher hand, he MW of the fasi-moving fracnons 1), and
11,) have been found to be 53000 and 59000, respectively.’* The “Ferguson plots™?°
obtained by gel clectrophoresis at different concentrations of acrylamide, confirm that
these fractions have half the MW of the corresponding 1, and 1.

The diiferent derfaviour Ouna in e Sephaakx ritration atv pf’ 33 and’ 10 tle etectro-
phoresis conducted at pH 89, strongly suggest that the native enzyme gives rise to two
subunits of half MW at alkaline pH. We have demonstrated in further experiments”* that
fraction II behaves as a completely homogeneous form, with MW of 110000, when filtered
through a thin fayer of Sephadex G-153 “superfine” at pH 595 and 7-{, but at pH &2 this
molecular entity coexists with a subunit of MW 55000. Both the monomer and the dimer
exhibit FDPase activity.

24 CHUECA, A., LorEzZ GORGE, 1., LAZARO, J. J. and MAYOR, F. (unpublished results).

25 Press. J. aad Kasuae, T. (1970 dan. Rev. Plant. Physiol. 2L, 433.

26 ROSEN, O. M., CopELAND, P. L. and ROSEN, . M. ((967) J. Biol. Chem. 24Z, 2760.

27 PaNTREMOLL S., Lupeis, B.. TRAINELLO. S. and BARGALLESL A. ([966] Arch. Biochem. Biophys. 1(4, Z4.
28 FERNANDO, J.. ENSER. M., PONTREMOLI, S. and HORECKER, B. L. (1968 Arch. Biochem. Biophys. 126, 399.
29 BaAnKER. G. A. and Cotvan. C. W. (1972) J. Biol. Chem. 247, 5856,
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Springgate and Stachow™" reported that the FDPase of Rhodopseudomonas palustris
pringg I /

behaves at pH 74 as an active dimer with MW of 130000, which is converted at pH 8-5
to a monomer of half the MW, with a specific activity three times higher. On the contrary,
the enzyme from Cundida urilis is fully active as a dimer of MW 100000 at neutral pH.
whereas the subunits of 50000 formed at alkaline pH have only a residual activity.*® The
same occurs with the FDPase from rabbit liver, in which the active form is a dimer of
MW 127000, fully active at neutral pH. although its dissociation in two inactive subunits
is at acidic pH.7”

Buchanan et al.'® reported the detection of a low proportion of inactive subunit with
half the original MW (130000--145000) when old purified spinach preparations were fil-
tered through Sephadex G-200 at pH 7-3. Our results suggest that this subunit corresponds
to fractions I, and I, which we have found to form at alkaline pH as dissociation products
of the enzyme, and which alrcady appears in small quantities at this pH.

On the other hand. Buchanan er al.'® reported the existence of a strongly active dimeric
fraction with high migration ratc, followed by a monomeric and inactive diffuse tail. when
a purified FDPase preparation is run at pH 83 in polvacrylamide gel electrophoresis. It
is not clear why in these conditions the dimeric form exhibits a higher migration rate than
the monomeric one: it suggests that the native dimeric enzyme is divided in a high propor-
tion into the two monomeric subunits at this alkaline pH value, running ahead of the
dimeric residual form. These authors were also unable to detect any activity in this slow
fraction separated by electrophoresis on polyacrylamide gel. However. we have demon-
strated the activity of this fraction by means of the in situ reaction. although a very rapid
inactivation has been found in preparative clectrophoresis.

EXPERIMENTAL

Assay of the FDPase activity. Usually the reaction mixture was as follows: 0-1 M Tris-HCl buffer pH §-8. 5 mM
fructose-1.6-diphosphate. SmM MgCl,. -6 mM EDTA. 5 mM cysteine and the enzyme preparation, in a final
vol. of 2 ml. After 30 min incubation at 28, I ml of a 3%, trichloroacetic acid {TCA) soln was added and the
Pi determined according to Fiske and Subbarow.?! FDPase was also assayed by increase in absorbance at 340
am. at 28", in a reaction mixture containing (-1 M Tris -HCl buffer pH &K 1 mM fructose-1.6-diphosphate. 5 mM
MgCl,. 6 mM EDTA. 5 mM cysteine. 022 mM NADP, 0-50 units of glucose-6-phosphate’ dehydrogenase and
0-35 units of phosphohexose isomerase. in a final vol. of 1 ml. One enzyme unit is expressed as the quantity of
enzyme which refeases 1 gmol of Pi, or produces | umol of NADPH. per min in the above experimental condi-
tions. The sp. act. refers to the units of enzyme per mg of protein. Protein content was measured according to
Lowry ¢ al*?

Control of purity. In all the sieps of the purification procedure the protein homogencity was assayed by disc
electrophoresis in polyacrylamide gel (7-5%; ol acrylamide and 0-373°, of bis-acrylamide). using the discontinuous
buffer system and method of Ornstein® and Davis.** Elcctrophoresis was performed at 4 with 5 mA per gel
applicd until the bromophenol blue used as @ marker was about T em from the anodic end. The gels were then
stained with 17, amidoblack TOB in 7, HOAc. and afterwards decolorized by washing with HOAc.

The in situ detection of fractions with FDPase activity was accomplished by incubating the gels for 1 hr at
28 in the following soin: 0-1 M Tris -HCl buffer pH 88, S mM fructose-1.6-diphosphate. 3 mM MgCl,. -6 mM
EDTA and 3 mM cysteine. The Pi produced in the reaction was visualized by dipping the gels immediately in
the following soln: 5%, ammonium molybdate. 1%, hydroguinene, 207, Na, SO, and conc. H,80, (6:1:6:6).

In the last steps of the purification procedure. controls of homogencity were also carried out by electrofocus-
ing** in polyacrylamide gel (7-57, of acrylamide and 0-2%; of bis-acrylamide). Gels of 6-5 ¢m of length and 5 mm
diam. were used. witha pH gradient 3 {0and 330V for 2 hy. Ampholines were eliminated by continuous washing

YO SprinGGATE. CoFoand Stactow, Ci. S, (1972) Biochent. Biophys. Res. Commin. 49, 322,

U FskE. CoH.and StsBarow. Y. (1925) J. Biol. Chem. 66, 375.

32 Lowry. O. H., ROSEBROUGH. N. J.. FARR. A. L. and RaxpaLL. R. J. (1951} J. Biol. Chem. 193, 265.
3 OrNsTEIN, L. (1964) Ann. N.Y. dcad. Sei 121, 321,

4 Davis. B, ) (1964) 4nn. N.Y. Acad. Sci. 121, 404.

FWriGLEY, C.(1968) Science Tools (LK B Instrument Journaly 15, 17,
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of the gels with 59, TCA, and after that the protein fractions stained with amidoblack 10B. The in situ enzyme
activity visualization is not possible when using the electrofocusing technique, because of the polyaminopolycar-
boxylic acids of the ampholines strongly inhibit this enzyme.

Materials and chemicals. Glucose-6-phosphate dehydrogenase, fructose-1,6-diphosphate tetrasodium salt, and
NADP were purchased from Boehringer; phosphohexose isomerase was from Calbiochem; Sephadex G-50, G-
100 and G-200 were supplied by Pharmacia (Uppsala), and DEAE-52 cellulose by Whatman; acrylamide and
bis-acrylamide were from BDH, and the ampholines of pH range 3-10 from LKB. The other products were of
analytical grade. Batches (5 kg) of fresh spinach leaves, purchased in the local market, were washed with H,O
and kept overnight at 4° in plastic bags, in order to obtain the appropriate turgidity. The petioles and prominent
veins were taken out and the leaves shredded (about 0-5 cm? pieces). Unless otherwise stated all the steps hence-
forth were carried out at 4°.

Preparation of chloroplasts lysates. The cut spinach leaves were homogenized (1:1 w/v) in 0-05M Tris-HCl
buffer pH 7-5, 5 mM MgCl,, 5 mM cysteine, made isotonic with 0-35 M NaCl, for 1 min at maximum speed
(Sorvall omni-mixer blendor). After filtering through 3 layers of nylon cloth, the extract was centrifuged at 200 g
for 5 min. The supernatant was again centrifuged at 1000 ¢ for 10 min, and the pellet of chloroplasts was collected
into a hypotonic soln of 0-025 M Tris-HC1 buffer pH 7-5, with 5 mM MgCl, and 5 mM cysteine. The lysis was
. completed by treating the suspension with glass beads in a vibratory apparatus (E. Biihler); it was then centri-
fuged at 20000 ¢ for 30 min.

Preparation of crude extracts of the whole leaves. The cut spinach leaves were directly homogenized in (-025 M
Tris-HCl buffer, 5 mM in MgCl,, pH 7-5(1:1 w/v) in the same conditions as above. After filtering through nylon
cloth the homogenate was centrifuged at 20000 ¢ for 30 min.

Purification of the enzyme. Unless otherwise stated, the chloroplast lysates and the whole crude extracts were
treated in the same way through all the purification procedure. In the steps where chromatography or electro-
phoretic techniques were used, the elution was followed by A 280 nm using a continuous flow cell. The purifica-
tion procedure consisted in the following steps: {a) Thermic treatment. The supernatant (about 60 ml in the case
of the chloroplast lysates, and 2-7 1. when the whole extracts were used) is heated at 60° for 30 min. The precipitate
is centrifuged off at 2800 g for 10 min. The enzyme activity remains unaltered in the supernatant. (b) (NH4);SO,
precipitation. Solid (NH,),SO, was added to 30% saturation, and the ppt. was removed at 2800 ¢ for 20 min.
(NH,),SO, was again added to the supernatant to 70%, saturation. After centrifugation at 2800 g for 20 min the
ppt. was dissolved in 40 ml of 0-05 M acetate buffer pH 5-5. (c) Sephadex G-100 chromatography. The soln was
filtered through a column of Sephadex G-100(3 x 50 cm) equilibrated and afterwards eluted with 0-05 M acetate
buffer pH 5-5. 5 ml fractions were collected with a flow rate of 0-5 ml/min. The enzyme eluted soon after the void
vol,, and the active fractions (ca 240 ml) were combined. (d) Sephadex G-200 chromatography. The active soln
was now filtered through a column of Sephadex G-200 (3 x 50 c¢m) in the same conditions as stated above. The
enzyme was recovered at the end of the eluted protein peak, and all the active fractions (ca 470 ml) were com-
bined. (¢) Chromatography on DEAE-52 cellulose. The soln was applied to a DFAE-52 cellulose column (2 x
15 ¢cm). equilibrated beforehand with 0-05 M acetate bufler pH 5-5. The elution ot 1ived material was carried out
with 100 ml of the same buffer made 0-25 M in NaCl, increasing the NaCl concn . 1 M. Fractions of 5 ml were
collected at a flow rate of 0-5ml/min. The active chromatographic peaks were scparately dialyzed for 24 hr
against 0015 M acetic-acetate buffer pH 55, and then lyophilized. (f) Preparative acrylamide electrophoresis. Due
to insufficient enzymic material, this step was only carried out with the active peaks obtained from whole spinach
leaves as starting material. The lyophilized fractions were dissolved in a 10x smaller vol. of 0-015M HOAc,
resulting in a protein concentration of 1-3 mg/ml in acetate buffer pH 5-5. A Canalco “Prep-Disc” apparatus
was used, with a 7-5% acrylamide gel and a ratio acrylamide/bis-acrylamide of 20:1, in a column of 3-2 cm? of
cross section and 2 cm height. The gel was prepared in 0-375M Tris—HCI buffer pH 89. The buffer of the anode
and cathode compartments was 0-025 M Tris-0-2 M glycine pH 8-3. Samples (2 ml), previously made 10%, in suc-
rose, were used in each fractionation procedure. 6 mA for 30 min was applied, then increased to 15 mA. Elution
was with 0:025 M Tris—-HCI buffer pH 7-5, at a flow rate of 2 ml/3 min. 2 ml Fractions were collected.

As it was observed that the enzyme activity was inhibited by the buffer system Tris-glycine within a short
time, the active fractions were filtered immediately after collection through small columns (2 x 25cm) of
Sephadex G-50 “fine”, equilibrated and eluted with 0-05 M acetate buffer pH 5-5. (g) Electrofocusing in density
gradient. This procedure was also only employed with active fractions obtained from whole leaves. As its resolu-
tion was found to be inferior to the acrylamide electrophoresis method, the electrofocusing technique was not
used for preparative purposes. A 110 ml LK B column was used. with ampholines of 3-10 pH gradient and 310V
for 70 hr. The column was eluted at | ml/min. Fractions of | ml were collected and their pH measured in a pH-
meter at the same temperature at which the electrophoretic focusing took place. The isoelectric point of each
peak was that of the fraction with highest sp. act. As the ampholines were found to act as strong inhibitors of
the enzyme activity, they were eliminated by filtering the active fractions through a Sephadex G-50 “fine” column
(2 x 25cm), stabilized then eluted with 0-05 M acetate buffer pH 5-5.
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