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The purification and proycrties of
glucose-6-phosphate dehydrogenase from human erythrocytes

Considerable interest has recently been shown in eryvthrocvtic glucosc-G-phosphate
dehydrogenase (EC 1.1.1.49), since a debiciency of this enzyme occurs in Lereditary
primaquine sensitivityt, Reports of 8o-fold?, sovo-fold® and recently of 10 0o0-fold
purification* have appeared. This paper describes a modification and extension of
the method of MARKS & a3 to yield 2000- to 3c00-Iold punfication; on one occacion,
a purification factor of 8300 was obtained.

The enzyme was assayved by following TPNH production at 340 mu. Quartz
cuvettes, 1 cm path, contained in 3 ml. 270 gmoles Tris—HCI buftec (pH 8.2), 5 gnioles
disodium glucose 6-phosphate, 2.4 gmoles TPXN - and o.1 ml enzyme, suitably di-
luted to give a A4y, ,, of 0.04-0.08/min i- { ¢ Beckman DU Spectrophotometier
fitted with a double thermospacer at 25°. 6-Phosphogluconate dehydrogenase
{decarboxylating . EC 1.7.1.44) activity was measured by replacing the glucose 6-phos-
phate with 6-phosphogluconate. Protein was estimated by the method of WarstUrG
AND CHRISTIAN®. A unit of activity is the amount of enzvme giving a 144 o, vf 1.0
per min under the above conditicn:. Specific activity is the activity per mg protein.
The Michaelis zonstant (RKp,) for TPN- was measured using a Farrand fluonimeters,
and plotting 1/v against 1/s (ref. 7).

Human bank bload, stored for iess than z weeks, provided the enzyme source.
All manipulations were rarried out at 4°. The ervthrocytes were washed, lysed and
the preliminary enzyme purification carried out by the first ammonium sulphaze
fractionation (z-stage) of MARKS et a/.3 The precipitate from the secnond stage was
dissolved in soml o.x M Tri, HC! (pH 7.4) and stored frozen with 10-*M TPX-
and 10-3 M cysteine until required. Storage of the cnzyme at this stage sometimes
caused up to 50%, luss of activity, but at uther times no losses occurred. Appreciable
activity (30-50Y%,) remained in the supernatant; this could not be recovered since
addition of a further 2 g ammonium sulphatefxoo ml precipitated th- bulk of the
haemoglobin. Yields could be improved somewhat by subdividing the second am-
moiium sulphate fraction, adding first 8 g ammonium sulphatefroo ml solution
and then, after centrifuging, adding a further 4 g/100 ml. Most of the 6-phospho-
gluconate dehydrogenase activity (859%;) remained in the supernatant.

Several batches were combined at this stage, thawed and dialysed for zh in
Visking cellophane tubing (1 in) against several changes of deionized water. 5 succes-
sive 0.1-vol. portions of calcium phosphate gel® were added and collected by spinning
at 500 x g after 1o-min equiiibration. The supernatants were assayed and the gel
portions which had absorbed most activity were washed with 1 gel volume of water
and eluted successively with I gel-volume portions of 0.z M potassium phosphate
buffer {pH 5.8) and 0.5 M buffer (pH 7.4}. Thc eluates were assayed and those of
highest specific activity combined and stored frozen overnight with 10-* M TP~
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The next dav the solutions were thawed and dialysed as above, and then allowed
to drip at 1 drop/sec through a Whatman DEAE-celiulose (floc) column of exchange
capacitv of 1 mequiv./g, which had been equilibrated with o.0§ M phosphate buffer
{(pH 5.8). The column was washed with water until free of hacmoglobin and eluted
with 60 ml of 0.2 M phosphate buffer (pH 5.8) and 40 m] of 0.5 M phosphate buffer
{pH 7.4). T0-ml fractions were collected. As storage ol the cluatcs, cven at —15°,
resulted in considerable losses of activity, thé fractions of highest specific activity
were immediately adjusted to 60%, ammonium sulphate saturation. The precipitate
was collected by centrifugation at 10 coo % g and resuspended in a small volume
of 60%, satd. ammonium sulphate. This suspension was stable at 4° for at least a
week and was redissolved for use by dialysing against water. The concentrated solu-
tion so obtained (1.25 mg protein/ml) was also stable on storage at 4°, but a 1 : 10
dilution lost 50%, activity in 2 days. The suspension could be further purified by
fractional clution from a cellulose column with gradually decreasing concentrations
of ammonium sulphate solution. Ifowsver, the additional purification obtained was
only 1.2-fold and, since losses were fairly large, this step was subsequently omitted.

Ammonium sulphate fractionation of the calcium phosphate eluates, as recom-
mcnded by Makks el al.®, gave no purification and fairly heavy losses were sustained.
Heating of these eluates to 52-54° for 2 min, even in the presence of 1o~ M TPN -,
caused Joss of activity with no further purification.

Table I shows the results of a typical purification procedure. The purified
enzvme was {ree of 6-phosphoglaconate dehydrogenasce.

TABLE |

PURIFICATION PROCEUDURE FUOR PREPARATION OF GLUCOSE-G-PHOSI'HATE DEHYDROGENASE

Total Specific

Fraction ,;‘::‘,‘,?; r:ﬁ’l‘!:‘l:l Rc'fg:-:r)‘ Pu};}fc‘:wn
: protein)

Haemaolysate 200 00015 100 1
Ammumum sulphate Fraction 2 93 0.05 17 33
Calcium phosphate eluates 37 a.8 28 530
DEAX-cellulos: Fiuates 1 36 10.4 2 72000
DEAE-cellulose Eluates 12 4.6} i 3000
Fractional ammonium sulphate elution

of precipitated Eluate 1 11 12.5 53 Rj00

The Km for glucose b-phosphate at pH 8.2 was 6.3-10° M and for TPN* 1.3,
2.1 and 2.6-10-% M, as measured on 3 batches of purified enzyme. These figures are
very similar to those described by KIRKMAN e al.® who found Ky, values of 1.3-107°M
and 2.1-107* M for glucose 6-phosphate and TPN+, respectively, at pH 8.0; and
by Marks et @l.® who obtained 3.5-107¢* M and 4.2-10-% M, respectively, at pH 7.6.
The pH optimum was found to be a broad peak between pH 8 and g in Tris—-HCl
buffer: in glycine-NaOH and 2-amino-z-methylpropan-1,3-diol-HCl buffers, there
was a slight peak at pH 9.6, the shape of the curve and the values obtained being
very similar to those obtained by KiRkMAN ef al.b. p-Chloromercuribenzoate (1073 M}
intubits enzyme activity 44%,. indicating the presence of -SH groups in the active
centre. This inhibition was only slightly reversed by 10— M cysteine.

Biochim. RBinphys. Acta, 67 {1903) 313-315



SHORT COMMUNICATIONS ar

wn

160

140 .

- AN

2

% ! -~ \

§ ro 77 Y~

4 / ~ ~——

3

‘_': 100 — R e %

R . - I
o] 0.01 002 o] oa G.2 2.3

[MgCig]im) KCT(V o ]im)

Fig. 1. Salt activation of glucose-6-phosphate dehydrogenase. @ @, glycine-NaOH  butfer
{pH 9.3): -— (. z-amino-z - methvipropan-r,3-chol  HCl buifer (pH qg.or; o~ - oL “Uris HO)
buffer (pil 8. 21

Indications that veast glucuse-b-phosphate dehiydrogenase is activated by various
salts are given by GLASER AxD Brown? who showed that the enzyme had no absolute
requirement for meial ions, but that these appeared to increase the affinity of the
enzynie for the substrate. Fig. I shows that such activation also occurs with ery-
throcytic glucose-6-phosphate dehydrogenase, optimum activation being obtained
with o.o1 M MgCL,, 0.1 M NaCl and o.1 M KCL. This activation was found to be pH
dependent; at pr 8.2 no activation occurred, but the activation at the optimum
salt cencentration was zo 26%, at pH 9.0 and 50 60%, at pH g.5. There was nn
inhibition of enzvme activity by 10 mM EDTA, indicating that the enzvme has na
absolutc requirement for divaleat metal ions.
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