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PX 10028 Crystalline L-aspartate &-carboxy-lyase

L-aspartate 4-carboxy-lyase (FE.C. 4.1.1.12}, which catalyses the formation uof a-
alanine and CO, by the g-decarboxylation of L-aspa- tate, has been previously demoun-
strated to be present in a number of micru-organisins. including Desulfovibrio desu:-
furicans!, Nocardsa globernlat and Clostridicm perfringens®d. The enzyme has been
partially purified from C!. perfringens by Nissivura, MANNING AND MEISTER? and
has bcen shown to contain fiemly-bound pyridoxal 5°-phosphate; aspartate decar-
boxylation was stimulated by the further addition of pyridoxal 5'-phosphate and
a-keto acidsi-*. This communication describes the crystallization, and some of the
properties, of L-aspartate 4-carboxy-lvase from Achromobacter sp.

Cultures of Achromobacter d-15 (ref. 5) were grovn at 30° in 8ol of basal salts
medium containing 25 mM-ammonium d(+)tartiate as sole source of carbon and
nitrogen and harvested several hours after cessation of logarithmic growth. Step [.
Cell extract. Cells (35 g dry wt.) were suspended in water to 380 ml and were dis-
rupted by passage through a French Pressure Cell at 12 000 1b/in?, fullowed by treat-
raent for 5 min in an *'M.5.E.” ultrasonic disittegrator operating at 1.4 A. The ex-
tract thus obtained was centrifuged at 25000 x g for 30 min, the precipitated
material was discarded and the supernatant solution was diluted to 16 mg of protein;
ml with potassium maleate (pH 5.0), L-aspartate and pyridoxal s'-phosphate to
final concentrations, respectively, of 50 mM, 1o mM and o.1 mM; the pH was ad-
justed to 5.0 with 1 N acetic acid. Step I1. Heat treatment. The solution was kept at
£0° for 1 h, cooled, mixed with protamine sulpbate (‘ex-herring’’: L. Light & Co.;
I g/20 g of protein) and ammonivm sulphate (to 30%, saturation), and was centri-
fuged at 77 000 X g until the supernatant solution was clear (3-12 h). The soiutiorn
was adjusted to pH 7.0 with 1§ N NH,OH. Step [11. Ammonium sulphate fractiona-
tion. Ammonium sulphate was added to 509, saturation; the resuitant precipitate,
collected by centrifugation for 30 min at 15000 X g, was discarded. Further addi-
tion of ammonium sulphate, to 68%, satuiaiion, yielded a precipitate which was
collected by centrifugation and dissoived in 0.1 M sodium acetate (pH 5.0} Step I'V.
pH Fractionation. The dissolved precipitate was dialysed against 0.1 M sodium
acetate (pH #.0). Material precipitated in the dialysis tube was collected by centri-
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TAUBLE]
SUMMARY OF PURIFICATION PRCCEDURE

L-aspartate g-carboxy-lvase was assaved manometrically at 307, Evolution - carbon dioxide was

measured over 30 min after addition of L-astartate. The main compartmients of Warburg flasks

contained, in a final volume of 1.8 ml, z00 pmoles of sodium acetate (ptl 5.0}, 0.5 gmolc of sodium

pyruvate and enzyme (20 2000 ug of protein). L-aspar-tic acid (20 gmoies) was added from the

side-arm arter 13 min cquilibration. 1 Unit of enzyme s defined as that quantity which catalyses
the cvolution of 1 gmele of carbon dioxidejmin under these conditions,

tr ] | Tolal .‘ipl::l)ic - "
Step Alatcre! mntr:;:;r‘inu ILOI::L profein “:';:;:":: of ::’:: ! '-e:.:'_;:"‘”ﬂ
(meteis fmis frag) frofein) condent)
I Cell extract {pii 5.0) [ 1340 21 400 0.44 G500 100
Il tieat-treated extract
{ptl 7.0! 1.8 L0V 1 8oo 278 3010 £3
111 Ammonium sulphate,
30 O%8°; fracticn (B} 27 470 792 3720 39
IV Saddium acetate extri
(pH s5.0) 12.8 o 128 20.8 3430 36
vV CM-cellulose supernatant 5 10 50 48.3 2415 28
M1 Crvstais .6 5 33 730 2410 25
Reerystallized . — .- 73.4 _ -

fugation and extracted with o.1 M sodium acetate (pH 5.0). Step V. CM-cellulose
treatment. The extract was stirred for 15 min with CM-cellulose powder (4 mg/mg
ot protein). The suspension was centrifuged and the supernatant solution was dialysed
overnight against 0.1 M sodiurmn acetate (pH 7.0}. Step V1. Crvstallization. Enzvmically
active protein precipitated on dialysis but readily dissolved in 0.5 M sodium acetate
{pH 7.0). Drop-wise addition of water, to reduce the buffer concentration to approx.
.z M, produced a faint turbidity: on standing overnight, this increased in intensity
and yielded crystalline enzyme. This procedure resulted in a 160-fold purification
with an overall vield of 25", (Table I}.

The crystalline enzyme catalysed the f-decarboxylation of 73 gmoles* of 1-
aspartate/minimg of protein at 30°; this is more than tcn times the activity of the
best preparation previously reported®, even though that was assayed at 37°. The
activity of the crystalline enzyme, expressed as gmoles of L-aspartate decarboxylatedy
min/umole of bound pyridoxat 5°-phosphate (see below) was 3860 at 30°, which is
of the same order as the value of 4750 at 37°, calenlated from the work of NISHIMURS
et al 4 for the enzyme from CL. perfringens.

The stimulation of enzymic activity by pyridoxal 5°-phosphate and pyruvaie
observed with the L-aspmtate 4-carboxy-lyase from Cl. perfringenst was observed
also with the crystalline eneyme from Achromobacter {Table 11). The low activity of
the enzyme in the absence of activators was increased 2-fold by the addition of
pyridexal 5°-phosphate and more than 6-fold by the addition of pyruvate.

The spectrum of the crystalline enzyme at pH 7.0 exhibited two peaks at 280 my

* Specific activities of up to 135 were obtained in subsequent preparations. when the crys-
tallized enzymc was diluted with ¢ 5%, bovinz serum albumen before assay. The amount of
crystalline protein binding 1 mols of pyridexal §'-phosphate varied from 53000 X gto 112000 X g
the most active enzyme had an activity of 10000 umoles of L-aspartate decarboxylated/min/
umole of bound pyridoxal s5’-phosphate at 30°.
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TABLE 1]

EFFECT OF PYRIDOXAL 5 -PHOSPHATE ANDU PYRUVATE ON ENZYMIC ACTIVITY
The complete system for assav of L-aspartate j-carboxy-lvass was that described under Table |
but also contained o.5 pmale of pyridoxal 5°-phosphate :n the main compartment of Warburg

Aasks.
Nerade aclivity
st oenzyme
sy syslem {remeies Af L0),
o edimpnmeg
af profein)
Complete B0 5
Iyvridoxal 57-phosphate omitted 33.0
Pyruvate omitted 106
Pyridoxal 5°-phasphate and
pyruvate amitted 8.3

and 3%0mu with an absorbancy ratio of 9.2 : 1 (Fig. 1,A). The cnzyme at Step V
had a small peak at 410 my which disappeared on further purification. Acidifcation
of the enzyme with HCl to pH <« 3 resulted in the disappearance of the peak at
3600 mu (Fig. 1,A); subsequent treatment of this matecial with phenylhvdrazine, by
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Fig. 1A. Absorption spectra of L-aspartate g-carboxy-lyase. Curve 1, 0.9b5 mg protcin in 1.0 ml
o.z5 M sodium acetate {pH 7.0); Curve 2, Enzyme {as in Curve 1} 30 min after the addition of
o.1 ml 2 N HCI to bring the pH to 2.7; Curve 3. Enzvme (as in Curve 1) after the addition or
o.r ml 1 N NaOlfl to bring the pH tn g.0.
Fig. 1B. Absorption spectra of the phenvihvdrazones of pyndoxal 5°-phosphate and the chioto-
phore of L-aspartate 4-carboxy-lvasc. [———) Tc the enzyme {as in Curve 2, Fig. 1A} was added
o.05 ml phenylhydrazine reagent [z g phenyliydrazine hydrochloride in 100 ml of to N
H,S0,}. The precipitated protein was remaved by centrifugation and the spectrum was recorded
15 min after the addition of the reagent. {—.—) o0.c19 umole of pyridoxal 5’-phosphate in 0.95 ml
of water was treated with 0.05 mi phenylhydrazine reagent and the spectrum was recorded after
1o min. All spectra were recarded with an Optica recerding spactrophotometes and were corrected
for dilution uifects.
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the method of Wapa aAND SNELLS, resulted in the rapid formation of a compound
with a peak at 410 mgu. The spectrum is closely similar to that of the phenythydrazone
of authentic pyridoxal 5°-phosphate (Fig. 1,B). 1 mole of pyridoxal 5'-phosphate
phenylhydrazone was found per 33 000 g of protein in this preparation; this was
in good agreement with the results of microbiological assay for vitamin B, in the
acid-hvdrulyzed enzyme, by the method of MoRR1s ¢t 4.7, which showed 1 mole of
pyridoxal 5°-phoephate to be preseni per 52 500 g of protein (4 59%,).

The spectrum of the enzyme in 0.1 N NaOH had a peak at 3g0 mp (Iig. 1,A)
indicative of free pyridoxil 5'-phosphate. The enzyme lost its activity under these
conditions and could not be reactivated by added pyridoxal 5'-phosphate.

The spectral properties of L-aspartate g4-carboxy-lyase are of considerable in-
terest since this enzvme appears to ve unique in its requirement for an activator in
addition to the bound pyridoxal 5'-phosphate. The peak at 360 mu has not previously
been found in pyridoxal 5'-phosphate enzymes in the pH range of 4-7 which usually
bhave a peak at 415-430 mu due to Schiff base formation (see ref. 8}. Therelore the
peak at 360 mu may be due to the binding of pyridoxal 5’ -phosphate in an unusual
form. The natur= of this binding is currently under investigation.
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