J. Inst. Brew., January-February, 1993, Vol. 99, pp. 63-65

EFFECTIVENESS OF THE ELECTROENDOSMOTIC PREPARATIVE
ELECTROPHORESIS FOR THE PURIFICATION OF ALL PROTEINS AND
POLYPEPTIDES FROM BEER
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Ammonium sulphate precipitated beer proteins and polypeptides were fractionated by electroendos-
motic preparative electrophoresis in the presence of scdium dadecyl sulphate. This one-step procedure
allowed the contemporary purification of all beer proteins and polypeptides with molecular masses
ranging from 5 up to 45 kDa. The obtained resolution was higher than that of any other technique,
including analytical electrophoresis, since protein bands with minimal differences in molecular mass
were collected pure in separated fractions. This procedure allows the recovery of purified beer com-
ponents with minimal work, accordingly it can be considered a very useful tool for the preparation of
fractions to he characterized and/or used for antibodies production.

Key Words: Preparative electrophoresis, beer, proteins, poly-
peptides.

INTRODUCTION

Proteins and polypeptides are responsible for beer quality
and stability, since they determine, directly or indirectly,
foam*!* and chill haze formation'.

Hence, several studies have been performed in order to
characterize single polypeptide chains in relation to their
functional role in beer foaming and haze. For this purpose
a number of techniques have been employed for the fraction-
ation of beer proteins and polypeptides, including column
chromatography (for a list of references see Dale®), density
gradient centrifugation and preparative isoelectric focusing'e.
However, all the purification systems described to date, to
the best of our knowledge, are time consuming and need
multi-step procedure. Moreover, in most of the cases, only
partial purification has been obtained, while the recovery of
more than one molecular species electrophoretically pure has
been rarely achieved.

Here we report the use of an electrophoretic preparative
system for the purification of beer proteins. This method,
which has been described in detail by Curioni and coworkers®
3, is based on the elution of the fractionated components of
a protein mixture by the electroendosmotic flow, which is
generated during the electrophoresis. The very high resol-
ution of PAGE and the efficiency of the elution system allow
rapid recovery of relatively large quantities of pure proteins
and polypeptides.

MATERIALS AND METHODS

Samples preparation

Samples of a commercial beer (1 litre) were added of
ammonium sulphate to reach 80% saturation and stirred
overnight at 4°C. Precipitated material was collected by cen-
trifugation at 10000 xg for 15 min, washed with a solution of
ammonium sulphate (80% saturation), centrifuged again,
dissolved in 400 ml of water, dialyzed exhaustively at 4°C vs,
distilled water, freeze-dried and stored at —20°C.

Freeze-dried fractions (30 mg) were dissolved in 2 ml of
0.33M Tris-Cl pH 8.6, containing 2% (wt/ivol) SDS, 10%
(wtivol) glycerol, 10% (volivol) 2-mercaptoethanol, 16%
(vol/vol) dimetylformamide, placed in a boiling water bath
for 5 min, cooled at room temperature and centrifuged at
8000 xg for 5 min. The resulting supernatants were used for
the preparative electrophoresis.

Electroendosmotic Preparative Electrophoresis (EPE)

For the electroendosmotic preparative electrophoresis an
ELFE apparatus (Genofit, Geneva, Switzerland) was used.
The operations for its use are described in Curioni et al.2
EPE was carried out in the presence of sodium dodecyl
sulphate as previously reported®, using a 10 ml separating
gel and a 12 ml stacking gel.

For the fractionation of low molecular mass polypeptides
(< 30 kDa) a 18% T separating gel was used, whereas pro-
teins of larger molecular mass were purified with a 10% T
gel.

1.5 ml of denaturated protein solution (about 9 mg/ml),
prepared as above described, along with a drop of bromo-
phenol blue, was loaded onto the gel and electrophoresed at
30 mA constant current. Just before the elution of the track-
ing dye, the outlet capillary was connected to a fraction
collector, which was set so as to obtain one fraction every
40 drops (0.6 ml). Electrophoresis was carried out for a
period of time varying from 8 to 16 hours in dependence on
the acrylamide concentration and the electrophoretic
mobility of the slowest migrating protein in the mixture to
be separated.

Analytical Gel Electrophoresis (SDS PAGE)

Fractions deriving from EPE were examined by SDS
PAGE as described by Laemmli®, using a 10% or 18%
acrylamide concentration, according to the molecular mass
of the proteins to be analyzed. Prior to electrophoresis,
samples (0.1 ml) were diluted with 1.33M Tris-Cl pH 8.6,
containing 8% SDS (wt/vol), 40% glycerol (wt/vol) (solution
A), and 6% (wt/vol) freshly added dithiothreitol (0.025 ml).
After reduction at 60°C for 30 min, solution A (0.025 ml)
containing 9% (vol/vol) freshly mixed 4-vinylpyridine was
added in the tubes containing the fractions showed in Fig. 2
(see results). Then the deriving samples were incubated for
15 min at 60°C for protein alkylation. The remaining fractions
(i.e. those showed in Figures 1 and 3) were not alkylated.
Reduced and reduced alkylated samples (0.04 ml) were
loaded into the wells of the analytical gels. Gels were stained
with Coomassic blue R-250 according to Koenig et al.? and
destained with 7.5% (vol/vol) acetic acid. Reference molecu-
lar weight standards were Phosphorilase B (97,400 Da), Bov-
ine Serum Albumine (66,200 Da), Ovalbumin (45,000 Da),
Carbonic Anhydrase (31,000 Da), Trypsin Inhibitor (21,
500 Da), and Lysozyme (14,400 Da).

Protein Determination
Protein content of precipitated freeze-dried beer samples
was determined by the Kjeldahl procedure (N x 5.7).
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Fig. 1. SDS PAGE (18% T) analysis of the first fractions eluted from EPE using an 18% T SDS gel. Lane A: SO beer proteins, with the
5 kDa polypeptide arrowed. Lanes B to H: sequentially eluted fractions, containing the purified S kDa polypeptide. Lane I: molecular
weight standards. Molecular masses in kDa are indicated on the rightside.
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Fic. 2. SDS PAGE (18% T) analysis of some fractions eluted from
EPE using an 18% SDS gel. Lane A: SO beer proteins. Lane
B to F: purified polypeptides in the 12-21 kDa region. Lane
G: molecular weight standards. Molecular masses in kDa are
indicated on the rightside.
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Fic. 3. SDS PAGE (10% T) analysis of some fractions eluted from
EPE using a 10% T SDS gel. Lane A: SO beer proteins. Lane
B to G: purified proteins in the 4043 kDa region. Lane H:
molccular weight standards. Molecular masses in kDa are indi-
cated on the rightside.
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After EPE, fractions with the same purified protein were
pooled and their protein content determined by measuring
the absorbance at 280 nm.

RESULTS anND DiscussioN

SDS PAGE analysis showed that beer proteins have differ-
ent molecular masses (Fig. 1, lane A), ranging from about
5 kDa of the smallest polypeptide detectable in a 18% acryla-
mide gel up to about 45 kDa of the slowest moving protein.
Accordingly, the acrylamide concentration in the separating
gel had to be chosen in order to obtain the best separation
in the different molecular mass ranges. Therefore, SDS pre-
parative electrophoresis has been performed using an 18%
acrylamide concentration when low molecular mass polypep-
tides had to be purified and 10% acrylamide for high molecu-
lar mass proteins purification.

The analytical SDS PAGE of the fractions obtained from
the electroendosmotic preparative electrophoresis (EPE) of the
salted out (SO) beer proteins are shown in Fig. 1, 2, and 3.

Fractions in the figures have been chosen after SDS PAGE
analysis of 1 every 4 fractions deriving from EPE. Fraction-
ated protein bands are electrophoretically homogeneous and
quite sharp, in comparison to those present in the pattern of
the SO beer (lane A in each figure).

The bands in Fig. 1 and 2 have been purified with an
acrylamide concentration of 18%, whereas those in Fig. 3
were obtained with a 10% acrylamide concentration in the
separating gel of the preparative electrophoresis. In fact the
polypeptide showed in Fig. 1 and those in Fig. 2 migrated as
a single band in a 10% T gel and consequently they could
not be purified with this acrylamide concentration. On the
other hand, the use of an 18% T gel is not the most suitable
system to separate proteins with molecular mass higher than
30 kDa, since the latter take a too long time to be eluted
from the bottom of the preparative gel, due to their low
mobility in these conditions.

Fractions presented in Fig. 1 were sequentially eluted from
EPE along with the tracking dye bromophenol blue, and so
their absorbance at 280 nm has not been measured. These
fractions contain an electrophoretically pure polypeptide,
whose molecular mass has not been exactly determined due
to the lack of suitable SDS PAGE standards for the gel
region in which the polypeptide is located. However, by
extrapolation of the curve obtained by plotting the mobility
of the SDS PAGE standards (lane I) against the log of their
molecular weight, a mass of about 5 kDa could be calculated.

The 5 kDa polypeptide has not been purified, at the best
of our knowledge, to a point comparable with that obtained
with our system. This polypeptide seems to be contained in
the F2 fraction of Yokoi et al.!”, which possibly includes the
surface-active fraction of Lusk et al.'°. Although F2 fraction
did not seem to contribute particularly in beer foam stability
in enrichment tests!?, preliminary experiments in our labora-
tory showed that, among the components of beer SDS PAGE






