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Note

Chromatography of phosphorylases on N-acylchitosan gels
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Proteins and lipids have been isolated and purified on the basis of the inter-
action of their hydrophobic areas with hydrophobic groups coated on agarose'~ 10,
N-Acyl- and N-arylidene-chitosan gels'' ~'® have been used for immobilisation of an
enzyme'® and as media for gel chromatography'>.

We now report on the use of N-acylchitosan gels for hydrophobic-interaction
chromatography and the purification of phosphorylase [(1—4)-z-D-glucan: ortho-
phosphate p-glucosyltransferase, EC 2.4.1.1].

A series of N-acylchitosan gels having acyl groups CO(CH,),Me where n =
0-4 (chitosans-C,/Cg) were prepared. Phosphorylase was subjected to cliromato-
graphy on a column of each gel, and the results are shown in Fig. 1 and Table I.
The phosphorylase was retarded by chitosan-C, and adsorbed on chitosans-C;/C.
The enzyme was eluted from chitosan-C; with s NaCl in a yield of over 829, (based
on absorption at 280 nm). The adsorption of the enzyme increased as the length of
the hydrocarbon chain in the acyl group increased, and the enzyme could not be
eluted from chitosan-Cg with 0.2Mm acetic acid, ethylene glycol (50 %), Triton X-100

TABLE 1

CHROMATOGRAPHY OF PHOSPHORYLASE @ ON /N-ACYLCHITOSAN GELS

Chitosan gel Applied enzyme Unadsorbed Eluted enzyme
(meg) ?giyme M NaCl 0.2M AcOH
(%) (%)

Cz 1.25 95¢ 52 ( 2)? Qs

Cs 1.04 0 82 (61) 17

Ca 1.16 0 40 (22) 60

Cs 1.35 0 0 6

Cs 1.25 0 0 0

aBased on absorption at 280 nm. ?Based on activity measurement.
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Fig. 1. Chromatography (1-ml fractions) of phosphorylase a on N-acylchitosan gels by elution with
the equilibrating buffer (see Experimental) containing M NaCl (A), followed by 0.2m acetic acid (B)
(see also Table I).

(5%), or 0.5M imidazole-HCl (pH 5.6). These data indicated that N-propionyl-
chitosan gel (chitosan-C;) was the most suitable for the purification of phosphorylase.

Shaltiel and co-workers' achieved a >959% yield of phosphorylase b and a
100-fold purification in one step from a rabbit-muscle extract, using butyl-Sepharose.
In an attempt to purify rabbit-muscle phosphorylase a from a crude extract using
chitosan-Cj, it was found that the enzyme could not be desorbed with NaCl and other
eluents. However, a better result was obtained with maize phosphorylase, which
could be purified from a crude extract by using chitosan-C, (Fig. 2), which gave a
better result than chitosan-C;. These results may be due to structural differences
between rabbit-muscle phosphorylase @ and maize phosphorylase. The latter phos-
phorylase (>60%, based on activity measurement) was eluted with a linear NaCl
gradient up to 0.5M, and the specific activity was increased from 0.05 to 1.70 units/mg
of protein in one step.
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Fig. 2. Purification of maize phosphorylase on a column (1.6 x 10 cm) of chitosan-C= (see Experi-
mental). The column was washed first with the equilibrating buffer, and the enzyme was then eluted
with the same buffer containing a linear NaCl gradient up to 0.5M (—-——--). The absorbance at
280 nm (—@—) of fractions (3.2 ml) was monitored. Maize-phosphorylase activity (—Q-—) was
determined as described in the Experimental.

EXPERIMENTAL

Reagents. — Rabbit-muscle phosphorylase a (twice crystallised and lyophilised
powder) and chitin from crab shells were purchased from Sigma.

Preparation of N-acylchitosan gels. — Solutions of chitosan'! {1 g, [«]1® —15°
(c 1, 109 acetic acid)} in 109 acetic acid (40 ml) was diluted with methanol (100 mi),
and acetic, propionic, butyric, valeric, and hexanoic anhydrides (3 mol. per hexos-
aminy! residue) were severally added. Each mixture was stored at room temperature
overnight, and the resulting gel was broken up into small pieces and homogenised,
washed in succession with distilled water, 0.05M NaOH, distilled water, and 0.01Mm
imidazole-HCI1 buffer (pH 6.8) containing 0.lmm dithiothreitol, and then packed
into a column (1.2 x 4 cm).

Assay procedures. — A solution of phosphorylase a (~2 mg of protein/ml)
was dialysed against 0.01M imidazole-HCI buffer (pH 6.8) containing 0.1mn dithio-
threitol, and then applied to each column of N-acylchitosan gel that had been
equilibrated with the above buffer at 0-4°. Unadsorbed enzyme was eluted with the
above buffer and further elution was performed with the same buffer containing M
NacCl, followed by 0.2m acetic acid. The absorbance of the eluate at 280 nm was
monitored by an Isco U.V. monitor UA-5 (pathlength 5 mm). Phosphorylase a was
assayed!” in the absence of AMP.

Maize kernels (~ 10 g) were ground in a mortar with the above buffer (10 ml),
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and then filtered through two layers of cheese cloth. The filtrate was centrifuged at
43,000g for 20 min, and then dialysed against the above buffer to give the crude
extract of maize phosphorylase. All procedures were performed at 0-4°. The enzyme
activity was assayed!®, and units of activity were expressed as umol of inorganic

phosphate released per min.
Proteins were determined as described by the method of Lowry et al.®.
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