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RAPID CHROMATOGRAPHIC METHOD FOR THE ISOLATION OF
GLUCOSE-6-PHOSPHATE DEHYDROGENASE FROM YEAST ENZYME
CONCENTRATE

HANS LINDBLOM
Fortia AB, Pharmacia Fine Chemicals, Box 175, 751 04 Uppsala (Sweden)

SUMMARY

A simple method for the isolation of glucose-6-phosphate dehydrogenase
(G6PDH) from yeast enzyme concentrate is described. The method is based on high-
performance anion-exchange chromatography and was developed in three steps: (1)
optimization of chromatographic conditions on Polyanion SI-8 um, (2) transfer of
the optimized conditions to a preparative column containing Polyanion SI-17 um and
(3) final purification on an analytical column. As the enzyme is a minor component of
the crude mixture, its presence is detected by a simple enzymatic method. The purity
of the final fraction is checked by polyacrylamide gel electrophoresis.

INTRODUCTION

The purification of glucose-6-phosphate dehydrogenase (G6PDH) from va-
rious sources has received attention over the past decade!*?. Much of the work
required slow, laborious electrophoretic methods® or traditional soft-gel chromato-
graphy*. The recent availability of high-performance anion exchangers, designed for
the separation of proteins, has led to significantly increased resolution and speed of
purification. This work demonstrates the resolving power and the ease with which a
pure enzyme can be isolated from a crude mixture.

EXPERIMENTAL

Apparatus

A Pharmacia (Uppsala, Sweden) Fast Protein Liquid Chromatography
(FPLC) system was used, consisting of two P-500 pumps, a V-7 valve injector with a
10-ml Superloop, a GP-250 gradient programmer, a UV-1 monitor with an HR-10
cell, a UV-2 monitor, a FRAC-100 fraction collector and an REC-482 recorder. A
pre-packed Polyanion SI HR 5/5 column (50 x 5 mm 1.D.) was used for the optimi-
zation experiments and, for final purification, bulk Polyanion 81-17 ym was dry-packed
into a Pharmacia HR 10/10 column (100 x 10 mm 1.D.) for preparative chromato-

graphy.
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Reagents

Yeast enzyme concentrate (Cat. No. Y2875) and buffers were obtained from
Sigma (St. Louis, MO, U.S.A.). All salts were purchased from Fluka (Buchs, Switzer-
land). Pharmacia Gradient Gel PAA 4/30 was used for polyacrylamide gel elec-
trophoresis (PAGE) according to a standard procedure?.

Chromatographic conditions

Optimization experiments. Column, Polyanion ST HR 5/5 (50 x 5 mm LD.);
buffer A, 50 mM triethanolamine (TEA) (pH 7.3); buffer B, 50 mAf TEA (pH 7.3), 1.0
M sodium bromide; gradient, 20 %, B for 10 min, 20 to 60 %; B in 30 min; flow-rate, 0.5
ml/min; sample, 2.5 mg; detection, UV-1, 280 nm, 0.5 a.u.f.s.

Preparative chromatography. Column, Polyanion SI-17 ym in a Pharmacia HR
10/10 column (100 x 10 mm L.D.); buffer A, 50 mM TEA (pH 7.3); buffer B, 50 mM
TEA (pH 7.3), 1.0 M sodium bromide; gradient, 20 %/ B for 10 min, 20 to 60 %, B in 30
min; flow-rate, 2 ml/min; sample, 103 mg; detection, UV-2, 280 nm (1-mm path-
length), 2.0 a.u.fis.

Final purification. Column, Polyanion SI HR 5/5 (50 x 5 mm 1.D.); buffer A,
50 mM TEA (pH 6.8); buffer B, 50 mM TEA (pH 6.8), 1.0 M sodium bromide;
gradient, 0%, B for 15 min, 0 to 100%, B in 20 min; flow-rate, 0.5 ml/min; sample,
diluted fraction from preparative run; detection, UV-1, 280 nm, 0.5 a.u.fs.

Aago

1 M NaBr

ELUTION TIME 40 MIN

Fig. 1. Separation of yeast enzyme concentrate on Polyanion SI HR 5/5. Chromatographic conditions as in
Optimization experiments, except for the gradient, which was 0 to 259, B in 30 min, 25 to 100 % Bin 10 min.
Peaks: (1) superoxide dismutase; (2) gluconate-6-PDH; (3) alcohol-DH; (4) glucose-6-PDH;; (5) f-gluco-
sidase.
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Fig. 4. Load capacity study on Polyanion SI HR 5/5. Chromatographic conditions as in Fig. 2, except the
flow-rate was increased to 2 ml/min.

The fraction from Preparative chromatography was diluted from 6 ml to about
10 ml in order to obtain the same ionic strength as the starting buffer.

The probability of G6PDH and impurities having the same charge and there-
fore the same elution ionic strength at two different pH values is slight. In the last
step, the pH was varied so that possible impurities mixed with the main fraction could
be removed.

Enzyme test

A 10-ul volume of each fraction was mixed with 10 ul of the staining reaction
mixture on a micro-titration plate. The staining reaction mixture contained the fol-
lowing: 25 ml of 0.2 M Tris-HCI (pH 8.0); 10 mg of glucose-6-phosphate (Na, salt),
final concentration in the reaction mixture 0.6 mM; 5 ml of 0.2 M magnesium



269

“B3IE PIMOPERYS 1] Ul
PUnoJ sem AJANOE U} JO % 58 ‘uonpoyiind jpury w1 se SUOTIPUOD owderdolewony) ‘uwmnos g/s Yy IS uoturi[og ¥ uo HAJ9D jo uonwogumd jeur ‘g -S4

‘T 814 ur s symrag “AydvaSoimuoayd aaypapdaig Ul Se SUOIPUOD J1ydeiSo1ewoIyY) ARIIUDU0 SWAZUD 158K Wo4) Hd9D Jo uoneredass saneiedard -¢ T

T

NIW G¢ AWIL NOTLNTT NTW 09 FWIL NOTINT]

SNQILOVHA

e A s

4gVN W 2°0

SNCILOVES o7,

ALTATLDY 3ATLVIZY

ALIAILDY 3AILYTI3H

YN W T l
g W T ,

=w~<

ISOLATION OF GLUCOSE-6-PHOSPHATE DEHYDROGENASE




270 H. LINDBLOM

chloride; 5 mg of Na,~-NADP in | ml of water; 7.5 mg of 3-(4,5-dimethy!-2-thiazolyl)-
2,5-diphenyltetrazolium bromide (MTT) in 1.5 ml of water; 5 mg of (N-methylphena-
zinium methylsulphate (PMS) in 1 ml of water; and 25 ml 29, agarose solution.

Staining methods for G6PDH, gluconate-6-PDH, and alcohol-6-DH may be
found in ref. 6, the assay procedure for superoxide dismutase in ref, 7 and that for §-
glucosidase in ref. 8.

RESULTS AND DISCUSSION

Chromatographic conditions were optimized for the isolation of the G6PDH
activity on an analytical Polyanion SI HR 5/5 column. The small size of the column
allowed minimal use of crude extract durine the search for optimal conditions. Sev-
eral gradient shapes were tested (Figs. 1-8). The chromatographic conditions listed
under Optimization experiments (see Fig. 3) were found to be optimal and used for

YEAST ENZYME
CONCENTRATE

- PEAK FRACTION

Fig. 7. PAGE of the purified fraction from Fig. 6.



ISOLATION OF GLUCOSE-6-PHOSPHATE DEHYDROGENASE 27

preparative chromatography. The load capacity of the preparative column was
tested, and 103 mg was found to be the maximal load allowable before a significant
loss in resolution occurred (Fig. 4).

The loading of sample volumes up to 10 ml was facilitated by the use of a 10-ml
sample loop (Superloop). The preparative chromatogram is shown in Fig. 5. Peak 4
was collected and purified further on the analytical column. As can be seen in Fig. 6,
the analytical column was not overloaded. If larger amounts of purified G6PDH are
needed, chromatograms on the preparative column can be repeated and the fractions
pooled before injection onto the analytical column.

The purity achieved by the final chromatogram was tested by PAGE (Fig. 7),
which showed the G6PDH to be free from several other impurities. The recovery of
G6PDH in the last two steps was 79 %,

CONCLUSIONS

Polyanion SI provides an adequate resolving power for the separation of
G6PDH from a crude yeast mixture. As Polyanion S is available in two particle sizes,
the scale-up called only for an increase in the flow-rate. For valuable preparations
Polyanion SI HR 5/5 has the advantage that optimization requires relatively little
material. Once the conditions have been established, large samples can be frac-
tionated on the HR 10/10 column. This obviates the risk of low recoveries when less
than optimal conditions are used for preparative chromatography. By varying the
gradient profile, one can optimize the separation of a number of enzymes from yeast
enzyme concentrate (Fig. 1).
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