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Oxaloacetate Decarboxylase from Cod. A Shorter Preparation 
and Crystallization" 

G. W. Kosickit 

ABSTRACT : Crystalline oxaloacetate decarboxylase can 
be prepared from codfish muscle (Gadus rnarrhua) 
by the following steps : extraction of the frozen muscle, 
adjusting the pH to 5.1, heating to 45", fractionation 

A n oxaloacetate decarboxylase from codfish muscle 
was purified by Schmitt et al. (1966). They reported 
on the stoichiometry of the reaction as 

oxaloacetate + H+ --+ Mn2 + + oxaloacetate decarboxylase 

pH 6.6 

pyruvate + COZ 

They showed that their enzyme preparation was not 
identical with malic enzyme, pyruvate carboxylase, or 
phosphoenol carboxykinase. It is a metal-activated, 
nucleotide- and avidin-independent decarboxylase. 

This paper describes a short purification of the oxalo- 
acetate decarboxylase to the same final specific activity 
as that obtained by Schmitt et al. (1966). The enzyme 
can be purified to its final specific activity on the second 
day with a yield of 47% of the enzyme in the initial 
extract; preparations from 500 g of frozen codfish 
muscle yield as much as 85 mg of purified enzyme. This 
material is then concentrated and set aside to crystallize. 
Although the crystallization takes days or even weeks, 
the crystalline enzyme has no higher activity than the 
purified protein from which crystals may be obtained. 

Experimental Section 

Materials. The following materials were commercial 
preparations : oxaloacetic acid (Calbiochem), dithio- 
erythritol (Cyclo-Chemical), and (NH4)2S04 (Mallinc- 
krodt). Other reagents were commercial preparations 
of analytical grade. 

Assay of Oxaloacetate Decarboxylase. The assay 
depends upon following the decrease in absorption 
of the enol form of the equilibrated tautomeric mixture 
of the oxaloacetate-Mn2+ complex at 260 mp. The 
order of addition and mixing is critical in this assay 
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of the enzyme with (NHJ2SO4, chromatography over a 
Ca3(P04)rcellulose column, concentration, and crys- 
tallization; yield -80-85 mg from 500 g of frozen 
muscle. Variations of this method are also presented. 

because of the limiting rate of tautomerization of 
oxaloacetate at neutral pH (the solid is in the enol 
form). The substrate is first dissolved in water (1 mg/ 
0.5 ml) and equilibrated for 15 min at room temperature, 
and then 0.5 ml of 0.1 M potassium phosphate buffer 
(pH 6.60) is added. The oxaloacetate solution is ready 
for use after standing at room temperature for 10 min; 
0.1 ml of the equilibrated oxaloacetate solution, 0.1 
ml of 10-2 M MnS04 (or M if EDTA is absent), 
and water to make the final volume 1.0 ml are mixed; 
then 0.3 ml of 1.0 X 10-l M potassium phosphate 
buffer (pH 6.60) is added and mixed, and finally an 
aliquot (0.05-0.10 ml) of enzyme solution is added 
and the solution is mixed again. Under these conditions 
the rate of decrease in absorbance is linear for at least 
5 min, provided that the amount of enzyme added 
gives an absorbance change of less than O.O2/min at 
30", using a cuvet with 1.0-cm light path. The molar 
absorbancy index (log e 1.01 X lo3, pH 6.6) was used 
to convert the decrease of absorbance into micromoles 
(Schmitt et al., 1966). The expanded absorbance scale 
(0.004.10 ODU) of a Cary 15 spectrophotometer was 
used in following the decrease of absorbance with time. 

The concentration of enzyme given in milligrams per 
milliliter is based on the 280 to 260 mp absorbance 
ratio (Warburg and Christian, 1942) and the units of 
enzyme activity are given in micromoles of oxaloacetate 
decarboxylated per minute at 30". 

Calcium Phosphate-Cellulose. The calcium phos- 
phate-cellulose was prepared according to the method 
of Massey (1960) with some modifications. A mixture 
of 453 g of sucrose and 75 g of CaO (reagent grade, 
with no further treatment) in 2.0 1. of distilled water 
was stirred overnight. The suspension was filtered to 
give a clear yellowish solution and chilled to 5". To 
the chilled and stirred solution, 60 ml of 85% o-phos- 
phoric acid was added dropwise to a pH of 8.5. The 
white gel was centrifuged and resuspended in 2.0 1. 
of water (repeated three times) until the pH dropped 
to 7.2. The weight of the calcium phosphate gel was 
measured on an aliquot of the sample that was dried 
at 100" and then the concentration was adjusted to 30 
mg/ml. Calcium phosphate gel suspension (1 1.) was 
added slowly to a stirred suspension of 300 g of fibrous 4299 
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FlGUKE I : Adsorption chromatography on calcium phos- 
phate-cellulose. Fractions 44-72 were combined (560 ml) as 
shown in Table 1. 

cellulose powder (Whatman No. C F  11) in 2.0 I, of 
water. The cellulose was previously sized to improve 
flow rates. The calcium phosphateiellulose can be 
stored at 3". Before use the slurry was degassed under 
partial vacuum. 

fitroction. Freshly frozen codfish (Gadus murrhuo) 
muscle' (500 g) broken into pieces was homogenized 
in a Waring Elendor with 1.5-2.0 1. of a 1% NaCl 
solution containing M EDTA (disodium salt)- 
IO-; M dithioerythritol-lO-~ M potassium phosphate 
buffer (pH 6.8). The homogenization was usually 
carried out in four batches to ensure thorough extrac- 
tion. A second extraction is not needed. During the 
2-min blending the temperature rose to about 20". 
The white suspension was centrifuged for 10 min in a 
large-capacity centrifuge to pack the sediment. 

Acid und Heut Fructiunation. To the turbid white 
supernatant fluid 1.7 N acetic acid was added slowly 
with stirring until the pH dropped to 5.1, and a white 
precipitate formed. The suspension (in a 3- or 4-1. 
Pyrex beaker) was placed in a water bath at 65-70" 
until the stirred suspension reached a temperature of 
45". The suspension was then cooled in ice below 30" 
and centrifuged ( I O  min at 5") in a large-capacity 
centrifuge to pack the sediment. Heating can be ex- 
tended to 55" with some further purification but usually 
with some loss in total quantity ofenzyme. 

(NH,),S04 Fractionutiiin. To the stirred clear super- 
natant fluid, solid EDTA (disodium salt) was added 
to a final concentration of 0.01 M and then solid (NH,),. 
SO., was added slowly to 60Z saturation (390.0 g/l,). 
The suspension was allowed to stir for I hr at room 
temperature, and then centrifuged for 20-30 min 
(3000g, 5") to pack the precipitate. The precipitate was 
dissolved in a minimal amount of cold potassium 
phosphate buffer (0.01 M, pH 6.8) containing IO-: 
M dithioerythritol and 10-a M EDTA (disodium salt). 

~~ 
~ -~ ~~~ 

I No difference i n  behavior of the enzyme was noticed among 
the half-dorcn codfish used. Only one species of Allantic cod 
(C. morrhua) i s  known in the waters of Cape Cod. Mass.. wheri' 

4300 the fish wrrecaught. 

FIC~UHL 2: I'hulamicrugraph of cryntalr of oxaloacetate dc- 
carboxylase from codfish. 

(The dithioerythritol and EDTA were added to all 
buffers unless otherwise stated.) Increasing the (NH& 
SO4 concentration to 70Z  saturation or packing the 
extract in ice did not increase the yield of enzyme. The 
dissolved (NH,),SO, fraction (35-50 ml) was dialyzed 
overnight (4") against 20-fold excess of lo-2~ potassium 
phosphate buffer (pH 6.8). 

Adsorption Chromatogru,ihv. The dialyzed enzyme 
was cleared by centrifugation and further purified by 
chromatography using a column set up with an auto- 
matic fraction collector in a cold room at 4". A column 
(4.0-cm diameter) was filled with 400 ml of degassed 
calcium phosphate-cellulose suspension (see Materials) 
and allowed to settle. The settled cellulose was covered 
with a filter paper disk and then flushed with 1 1. of 
IO-* M potassium phosphate buffer (pH 6.8). The 
protein was applied to the column and then subjected 
to a stepwise elution. The column was first washed 
with 1 X IO-* M potassium phosphate buffer (pH 6.8) 
(about 100 ml) to ensure that the enzyme had adsorbed 
to the gel, and then washed with 6 X IO-* M potassium 
phosphate buffer (pH 6.8) until no more material ab- 
sorbing at 280 m# appeared (see Figure 1). The enzyme 
was then eluted with IO-' M potassium phosphate 
buffer (PH 6.8) in a well-defined peak of final purity 
(see Figure 1). The slope of the curve was characteristic 
of elution patterns from an adsorbent-type column. 
The flow can be quite fast (20-1111 fractions, 4 ml/min). 
The eluate (about 500 mi) was concentrated by a 
second calcium phosphateiellulose adsorption. The 
sample was diluted to lower the concentration of potas- 
sium phosphate to 0.05 M (pH 6.8) and then quickly 
(1 1. in 2.5 hr) put on to a smaller column (2.8-cm 
diameter, 50 ml of calcium phosphate-cellulose). 
The adsorbed enzyme was then eluted with 15% satu- 
rated ( N H M O ,  (83.7 g/l.) containing IO-* M potassium 
phosphate buffer (pH 6.8). Fractions (3 ml) were 
collected (1 ml/rnin) and those containing the 280-mp- 
absorbing material were combined. Other methods of 
concentration were also used: reverse dialysis with dry 
Sephadex G-25 applied to the enzyme solution in a 
dialysis bag, or (NH,),SO, fractionation (0-70%), al- 
though recovery is poor by the latter method because 
of low protein concentration. 

Cr.i.srollis,ri,,n. To the concenlraled eluaie containing 

K O S l C K l  
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'TABLE 1 : Shorter Purification of Oxaloacetate Decarboxylase. 

Step Vol (ml) Total Protein (mg) Total Units Sp Act.. 

Extraction, 500 g of muscle 1300 4.43 x 103 309 (228-309) 0 .07 (0 .044 .07)  
Acid, heat 1200 2 . 1  x 103 252 (228-290) 0 .12  (0.104.12)  
(NH4)2S04, 0-60Z saturated 43 391 237 (163-237) 0.60 (0.6-0.8) 

and dialysis 

column 
Calcium phosphate-cellulose 560 88.5 150 (110-150) 1.70 (1.7-1 .8) 

Calcium phosphate-cellulose 49 86.5 147 (100-147) 1.72 (1.7-1.8) 
concentration 

-. 

ClMicromoles of oxaloacetate decarboxylated per minute at 30". 

TABLE II  : Purification of Oxaloacetate Decarboxylase with Additional Chromatography. 

Step 
Vol Total Protein Total 
(mu (mg) Units Sp Act.. 

Extraction, 1000 g of muscle 
Acid, heat 
(NH4)2S0dr 0-70z saturated 
Sephadex G-50, 4 .7  X 45 cm; eluent: 10-3 

M sodium acetate (pH 5.5) 
Sephadex CM-25, 7 x 35 cm; wash: M 

sodium acetate (pH 5.5); eluent: 10-1 M 
potassium phosphate (pH 6 .8)  (diluted to 
to 0.5 M potassium phosphate) 

X 30 cm; wash : 0.06 M potassium phos- 
phate (pH 6.8); eluent: 0.09 M potassium 
phosphate (pH 6.8) (diluted to 0.05 M 

potassium phosphate) 
Calcium phosphate-cellulose concentration ; 

eluent: 15% saturated (NH4l2SO4 

Calcium phosphate-cellulose column, 2 .6  

2750 1800 241 
2500 1300 235 

120 900 220 
295 1000 205 

348 149 131 

375 24.4 43 

19.7 18 4 33.4 

~~ 

0.013 
0.18 
0.24 
0.20 

0.88 

1.75 

1 82 

.Micromoles of oxaloacetate decarboxylated per minute at 30 O 

15% saturated ("&SO4 (packed in ice and stirred), 
solid (NH4)2S04 was added slowly to 50% saturation 
(219 g/l.). About 25 ml of saturated (NHJ2S04 solution 
was added slowly to each 100 ml of eluate, so as to 
bring the (NH&SOd concentration to 60%. The solution 
was set aside at 3" to crystallize. Additions of EDTA 
(disodium salt, M) and MnS03 M) to the 
solution during crystallization had no obvious effect. 
The crystals (Figure 2) prepared by the purification 
procedure with additional chromatographic steps 
(Table 11) appeared identical with those prepared by 
the shorter method (Table I). 

Results 

Typical results obtained with the shorter purification 
of the enzyme are summarized in Table I ;  the details 

of the steps have been presented in the Experimental 
Section. The numbers within the brackets represent a 
range of values for several preparations. 

Several variations of the shorter method of purifica- 
tion were made. The use of Sephadex G-50 and Sepha- 
dex CM-25 column chromatography prior to the cal- 
cium phosphate<ellulose column did not increase 
the final specific activity (see Table 11). The calcium 
phosphate-cellulose can also be used in bulk adsorption 
to purify the enzyme; the gel is then filtered on a 
Biichner funnel. This variation was carried out at room 
temperature on the diluted enzyme (below 0.05 M in 
potassium phosphate) and thus avoided ammonium 
sulfate fractionation (see Table 111). The chromatog- 
raphy and concentraion steps were carried out as in 
Table I and described in the Experimental Section. 

The schlieren patterns during the ultracentrifugation 430 I 
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TABLE III:  A Batch Procedure Using Calcium Phosphate Cellulose in Place of (NH4)*S04 Fractionation. 

Steps 
Total Protein Total 

Vol (ml) (mg) Units Sp Act.. 

Extraction 

Acid, heat 

Calcium phosphate-cellulose 

750 g of muscle, 2,O l., 0 . 5 x  NaCl 1,750 12,000 380 0.03 

Dilution to 0.05 M 1,550 6 , 000 372 0.06 

1 .0-1. filtrate, three eluents 0.15 M pot- 8,000 5,000 0 
assium phosphate (pH 6.8) (dilution 1 , 500 585 150 0.26 
to 0.05 M potassium phosphate) 

Calcium phosphate-cellulose column ; 
Wash 5 X 

Eluent 7 X M potassium phosphate 1,185 89 118 1.33 

M potassium phosphate 
(PH 6.8) 

(pH 6.8) (dilution to 0.05 M potassium 
phosphate) 

Calcium phosphate-cellulose 
Concentration 60 57 108 1.82 
Eluent 15% saturated (NH4)2S04 

5 Micromoles of oxaloacetate decarboxylated per minute at 30 '. 

(Spinco Model E) of a sample at 10, 7.5, and 5.0 mg 
per ml over 1.5 hr at 170,OOOg (20") indicated a homo- 
geneous preparation. 

The instability of the enzyme causes some difficulties 
at pH values above 8 and below 4.5, where the protein 
is quickly inactivated (25 '). At pH 7.4 (0.01 M potassium 
phosphate buffer and 0.38 mg of oxaloacetate decar- 
boxylase/ml) the enzyme loses one-third of its activity 
in 1 hr (25'). The enzyme is not inactivated at pH 5.1 
during the purification. The chromatography was 
carried out at pH 6.8 which is the lower limit of calcium 
phosphate gel stability. In 0.1 M potassium phosphate 
buffer at pH 6.8, the dilute enzyme has been found 
to be stable overnight at 4". 

The enzyme was found to be inactivated extensively 
on chromatography (room temperature) on carboxy- 
methylcellulose, carboxymethyl-Sephadex G-50, DEAE- 
cellulose, and DEAE-Sephadex A-25 even in presence 
of EDTA (disodium salt) and dithioerythritol. 

The concentrations of salt also affect the stability of 
the enzyme. Dialysis against M potassium phos- 
phate buffer (pH 6.8) at 4' for 12 hr inactivated the 
enzyme, but it remained active when dialyzed at 4' 
against lop2 M potassium phosphate buffer (pH 6.8) or 
when passed through Sephadex G-25 in this buffer. 
Under the best conditions the enzyme has been stored 
for a few weeks as ("&SO4 suspensions (70z  satur- 
ated) or in 10-l M potassium phosphate buffer (pH 6.8) 
at -15 '  in the presence of M EDTA (disodium 
salt) and M dithioerythritol. Even the crystalline 
suspension of enzyme was found to partially lose its 

activity, with a drop in specific activity from 1.7 to 1.0, 
when stored at 3' for 1 week in 60% saturated (NH& 
SOa, 
M dithioerythritol, and M EDTA (disodium salt). 

The activity of the enzyme has been found to be 
restored, however, when a solution of the purified 
enzyme (inactivated by storage) is incubated for 15 
min at room temperature in 0.1 M solution of the di- 
sodium salt of EDTA, and the enzyme is then precipi- 
tated by the addition of (NH&S04 to 70% saturation. 

M potassium phosphate buffer (pH 6.8), 
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