Separation of Barley Malt Alpha-Amylase by Chromatofocusing'
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ABSTRACT

Chromatofocusing was used to resolve green malted barley a-amylase
into individual components. Five peaks were eluted at 4°C, whereas four
peaks were eluted at room temperature (22° C). Analysis of eluent fractions
by polyacrylamide gel isoelectric focusing showed that the a-amylase 111
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fraction was converted to a specific a-amylase 1l component under
chromatofocusing conditions. Evidence for interconversion of a-amylase 1
components also was obtained by chromatofocusing and polyacrylamide
gel isoelectric focusing analysis.

Germinated or malted barley a-amylase multiple forms have
been separated by agar gel electrophoresis (Frydenberg and Nielsen
1965), polyacrylamide gel electrophoresis (Van Onckelen and
Verbeek 1969), ion-exchange column chromatography (MacGregor
etal 1971), and polyacrylamide gel isoelectric focusing (PAG-1EF)
(MacGregor 1977). By PAG-IEF, malted barley a-amylase has
been resolved into three main groups, designated a-amylases I, 11,
and III (MacGregor 1977). Each group has been shown to be
heterogeneous (MacGregor and Daussant 1981). Quantitative
PAG-IEF (MacGregor and Ballance 1980) and immunochemical
studies (MacGregor and Daussant 1981) have shown that a-
amylase Il components can be converted to a-amylase II
components by appropriate heat treatment or kilning.

Chromatofocusing is a new column chromatographic technique
(Sluyterman and Elgersma 1978; Sluyterman and Wijdenes 1978,
1981a, 1981b; Pharmacia Fine Chemicals, 1980) that separates
proteins on the basis of isoelectric pH. This technique has been used
to resolve germinated wheat a-amylase isoenzymes (Marchylo and
Kruger, 1983). The purpose of this study was to determine whether
chromatofocusing could be used to resolve individual malt barley
a-amylase components,

MATERIALS AND METHODS

Five-day green malt was prepared from six-rowed barley cultivar
Bonanza, using steeping and germination units previously
described (Bettner et al 1962). The green malt was stored frozen.

Extraction

Ten kernels of green malt were homogenized with a pestle in a
mortar containing 1 g of sand and 10 ml of cold buffer (0.025M
imidazole-HCI, pH 7.4). The extract was centrifuged twice (23,600
X g) at 4°C for 15 min.

Column Preparation

Polybuffer exchanger™ 94> (PBE) was equilibrated and packed
as recommended by the manufacturer (Pharmacia Fine Chemicals
1980). The start buffer used was 0.025M imidazole-HCI, pH 7.4.
Pharmacia K9/60 columns with bed heights of 45 cm were used.
Columns were packed at flow rates of 2.5 ml/min. Two to four
centimeters of Sephadex™ G-25 (coarse) was layered on top of the
bed to ensure even sample application.

Sample Application and Elution

Samples were applied by gravity. Following sample application,
eluent buffer (Polybuffer™ 74 diluted 10 times with distilled water,
pH 5.0, containing 10™M CaCl,) was pumped through the column
at 0.5 ml/min. Fractions (2 ml) were collected with an LKB
UltroRac fraction collector (LKB Producter, Bromma, Sweden)
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equipped with a drop counter. Columns were regenerated as
described by the manufacturer (Pharmacia Fine Chemicals 1980)
and were repacked after every three to four runs or two weeks of
use. All analyses were duplicated.

Rechromatofocusing

Appropriate fractions were pooled and frozen following five
chromatofocusing analyses at 4°C. Before rechromatofocusing,
pooled fractions were thawed, and a 10-ml aliquot was applied to
the column. Pooled fractions were not dialyzed against start buffer
before rechromatofocusing.

a-Amylase Activity Analysis

Total a-amylase activity per fraction was determined, as
described by Kruger and Tipples (1981), with a Perkin-Elmer
model 191 Grain Amylase Analyzer. When required, fractions were
diluted with 0.2M sodium acetate buffer, pH 5.5, containing 107 M
CaCl,, before activity analysis.

Isoelectric Focusing

Prepared thin-layer polyacrylamide gel plates (Ampholine PAG
plate kits, pH 3.5-9.5, LKB Producter AB, Bromma, Sweden) were
used for isoelectric focusing, which was done with a Desaga TLE-
Double Chamber 12 20 00 (C. Desaga, Heidelberg, Germany). A
450-g weight was placed across the electrodes to facilitate contact
between gel, wick, and electrode. Constant power (10 W) was
maintained throughout the 2-hr run by an Isco model 494
electrophoresis power supply (Instrument Specialties Company,
Lincoln, NE). The pH gradient across the PAG plate was
determined with a Multiphor pH surface electrode (LK B Producter
AB, Bromma, Sweden).

Detection of a-Amylases

a-Amylases were detected by use of the B-limit dextrin-plate
technique described previously (Marchylo et al 1980, MacGregor et
al 1974). Incubation time for the B-limit dextrin-polyacrylamide gel
sandwich was 15-20 min for eluent fractions and 5-7 min for
extracts.

RESULTS AND DISCUSSION

Chromatofocusing at room temperature (22°C) and at 4°C
resolved green malt a-amylase into four and five peaks of activity
(Fig. 1A, B), respectively. As determined in 12 chromatofocusing
analyses, peaks 1-5 eluted reproducibly at average elution pHs of
6.33%0.05,6.03+0.04,5.84+0.04,5.68 +0.08,and 5.25£0.07. Of
the total a-amylase activity applied to the column, 45.6% was
recovered in room temperature analyses, whereas 77.1% was
recovered at 4°C. Low enzyme recovery at room temperature also
has been reported in chromatofocusing analyses of germinated
wheat a-amylases (Marchylo and Kruger 1983). Peaks | and 2
displayed substantial decreases in relative peak heights at room
temperature (Fig. 1 A) as compared to 4°C (Fig. 1B). This decrease
may be attributed to differential heat stability of these peaks at
room temperature as compared to 4°C. An alternate explanation
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will be presented later in this report.

Resolution of peaks was better at room temperature than at 4°C.
In particular, peaks 3 and 4 showed less overlap at room
temperature. Peak 5 was well separated from peaks 1 to 4 at both
temperatures.

Malt extract was analyzed by PAG-I1EF to determine the pattern
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Fig. 1. Separation of green malt a-amylase by chromatofocusing (open
symbols). pH gradient obtained during chromatofocusing (closed symbols).
Column: K9/60. Bed height 45 cm. Elution conditions: start buffer 0.025M
imidazole-HCI, pH 7.4; eluent buffer Polybuffer 74 diluted 10 times
containing 10™*M CaCl,, pH 5.0. Flow rate 0.5 ml/min. A, room
temperature (22°C); extract volume, 4 ml; B, 4°C; extract volume, 2 ml.
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of @-amylase components (Figs. 2A, 3A). The three main groups of
a-amylase detected were designated a-amylase I, 11, and 111, as
described previously (MacGregor and Daussant 1981). To
facilitate discussion, these groups were subdivided further, as
shown in Figs. 2A and 3A. Eluent fractions from the
chromatofocusing runs then were analyzed by PAG-IEF to
determine which a-amylase components were eluted in each peak
(Figs. 2B,C and 3B,C). All major a-amylase components and a
majority of minor a-amylase components were recovered following
chromatofocusing. Minor components that were not recovered
were present only in trace levels in the original extract (Figs. 2A and
3A), and these may have been lost due to dilution during
chromatofocusing.

The major component of peak I, as assessed by visual band
intensity, was a-amylase 11b for chromatofocusing analyses at both
room temperature and 4°C, Significant levels of a-amylase Illa
and b were present at room temperature and 4°C. The presence of
both a-amylase Il and a-amylase 111 components in peak I is
surprising, since a-amylase components should elute in order of
descending pl. On this basis, a-amylase 111 components should
have eluted first because PAG-IEF analysis of green malt barley
a-amylase showed that a-amylase 111 components had higher pls
(6.7-6.8 0.2 pH units) than a-amylase 11 components (6.1 £0.2—
6.3+ 0.1 pH units).

To verify further the composition and purity of peak 1, pooled
eluent fractions from the peak maximum were rechromatofocused.
As shown in Fig. 4A, two peaks equivalent in elution pH to peaks |
and 3 (Figs. 1A, 1B) were eluted. PAG-IEF analysis of these two
peaks showed that peak 1 again was composed of a mixture of
a-amylase [11a and b and e-amylase I11b components, whereas peak
3 was composed of a-amylase IIb. These results indicate that
a-amylase 111 components are being converted specifically to a-
amylase 1Ib, This supports previous studies (MacGregor and
Ballance 1980, MacGregor and Daussant 1981) showing that a-
amylase 111 is converted to a-amylase Il during ion-exchange
chromatography, heat treatment, or kilning.

Peak 2, which was eluted at 4°C (Fig. 1B), was made up of a
mixture of a-amylase 11 and 11l components. a-Amylase Ila was
the major component of this peak, but significant levels of a-
amylase 11la, 1Ib, and Ilc also were present. The presence of a-
amylase 111 components as well as of a-amylase I1b is probably due
to contamination of peak 2 by peaks 1 and 3. As shown in Fig. |B,
there is considerable overlap between these peaks and, as shown by
rechromatofocusing and PAG-1EF analyses, peak 1 is composed of
a-amylase I11a, b, and a-amylase 11b, whereas peak 3 is made up of
a-amylase IIb. This leaves a-amylase Ila and Ilc as the primary
components of peak 2. It is surprising that a-amylase 1la is present
in this peak, since the major proportion of this component elutes in
peak 4. These results suggest that a-amylase 1Ic may be converting
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Fig. 2. Polyacrylamide gel isoelectric focusing of green malt barley a-amylases ina pH 3.5~ —9.5 gradient. Zymograms of: A, green malt barley extract; B,
eluent fractions from room temperature (22°C) chromatofocusing analysis; C, eluent fractions from 4°C chromatofocusing analysis.
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Fig. 3. Polyacrylamide gel isoelectric focusing of green malt barley a-amylases ina pH 3.5-9.5 gradient. Line drawings of: A, green malt barley extract; B,
eluent fractions from room temperature (22° C) chromatofocusing analysis; C, eluent fractions from 4°C chromatofocusing analysis.

to a-amylase Ila.

Rechromatofocusing of peak 2 yielded four peaks. The major
portion of the activity was present as peak 4, as shown in Fig. 4B.
Low levels in peak 2 were present, and peaks 1 and 3 were barely
detectable. PAG-1EF analysis showed that peak 1 was comprised
of a-amylase I1Ia, b and IIb, and peak 3 of a-amylase IIb. Peak 2
appeared to be comprised of a-amylase Ila with no trace of a-
amylase Ilc. As with a-amylase 11l components, a-amylase Ilc
appears to be converted to a-amylase 1Ib. Peak 4 was composed
primarily of a-amylase Ila, with only a trace of a-amylase Ilc
detectable.

The conversion of a-amylase III components and a-amylase Ilc
during chromatofocusing also may be temperature sensitive. As
shownin Fig. 1A and B, relative peak height decreases substantially
for peaks 1 and 2 when chromatofocusing is performed at room
temperature. This decrease may be partially due to the conversion
of a-amylase I1I components to a-amylase IIb and a-amylase Ilc to
a-amylase I1a at 22°C. Although peak 2 was not detected at room
temperature, PAG-IEF analysis of eluent fractions at the peak 2
elution pH (as determined in Fig. 1 B) detected trace levels of peak 2
a-amylase components (Figs. 2B and 3B). Previous studies
(MacGregor and Ballance 1980, MacGregor and Daussant 1981)
have shown that a-amylase 11l components are converted to a-
amylase II components when subjected to extreme temperatures
associated with kilning and heat treatment. Results from this study
show that this conversion is facilitated during chromatofocusing at
much lower temperatures. Peak 3 was composed primarily of a-
amylase IIb in both the room temperature (Figs. 2and 3B)and 4°C
analyses (Figs. 2 and 3C). Only trace levels of a-amylase Ila, ¢, and
a-amylase I1la were detectable in the room temperature analysis,
which is indicative of the excellent resolution achieved by
chromatofocusing. Slightly higher levels of a-amylase Ila were
detected in peak 3 at 4°C.

Rechromatofocusing of pooled peak 3 eluent fractions yielded
one peak with the same elution pH (Fig. 4C). PAG-1EF analysis
showed that this peak was composed of a-amylase IIb. a-Amylase
III components were not detected. Thus, the conversion of a-
amylase IIb back to a-amylase III components does not appear to
occur.

a-Amylase Ila was the major component of peak 4 at 4°C and
room temperature. However, low levels of a-amylase Ilc also were
detectable. Rechromatofocusing of pooled peak 4 eluent fractions
yielded a single peak with comparable elution pH (Fig. 4D). PAG-
IEF analysis of this peak revealed that a-amylase [1a was the major
constituent, but traces of a-amylase Ilc also were present. This
suggests that a-amylase [Ib may be converted to a limited extent to
a-amylase Ilc. Further work will be necessary to determine the
extent of this interconversion.

a-Amylase la was the major component in peak 5 (Figs. 2B,C
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Fig. 4. Rechromatofocusing analysis of peaks 1-5 eluted during
chromatofocusing of green malt barley a-amylase at 4°C. Column: K9/60.
Bed height 45 cm. Elution conditions: start buffer, 0.025M imidazole-HCI;
pH 7.4; eluent buffer, Polybuffer 74 diluted 10 times containing 10°M
CaCl, pH 5.0. Flow rate 0.5 ml/min; temperature 4°C; sample volume 10
ml; A (peak 1); B (peak 2); C (peak 3); D (peak 4); E (peak 5).
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TABLE I
Proportion of a-Amylase Components
Following Chromatofocusing

Percent Recovery After Chromatofocusing

Chromatofocusing
Temperature a-Amylase III*  a-Amylase II* a-Amylase I*
(°C) (peak 1) (peaks 2,3,4) (peak 5)
4 23.1 74.0 29
22 2.6 92.3 5.2

®As percent total activity recovered from column.

and 3B,C). Rechromatofocusing of pooled peak 5 eluent fractions
yielded a single peak of comparable elution pH (Fig. 4E). a-
Amylase la also was the major constituent of this peak, as shown by
PAG-IEF analysis. Thus, a-amylase la does not appear to be
converted to other a-amylase components.

Chromatofocusing analysis at 4°C (Table I) showed that only
23.1% of total green malt a-amylase activity is associated with
a-amylase III components. In contrast, previous quantitative
isoelectric focusing studies indicated that 89% of total a-amylase
activity in green malted barley is contributed by a-amylase 111
components (MacGregor and Daussant 1981). This apparent
disparity in results may reflect a difference in stability of a-amylase
III components during isoelectric focusing as compared to
chromatofocusing. Also, these results signify that the proportion of
activity attributable to the a-amylase I1I fraction is dependent on
the separatory technique used. Chromatofocusing analysis at room
temperature further decreased the contribution of the a-amylase
Il fraction to 2.6% (Table I). This result is comparable to
previously reported quantitative isoelectric focusing analysis of
heat-treated a-amylase from green barley malt (MacGregor and
Ballance 1980). This further emphasizes the decreased stability of
the a-amylase III fraction during chromatofocusing at room
temperature.

This study has shown that chromatofocusing can quantitatively
separate individual a-amylase components from green malted
barley, and for this reason the technique will prove very useful in
the study of these enzymes. a-Amylase 111 components have been
shown to convert to a specific a-amylase I1 component (a-amylase
IIb) under chromatofocusing conditions. In addition, evidence
suggests that an a-amylase II component (a-amylase Ilc) can
convert to another a-amylase Il component (a-amylase I1a). The
nature of the a-amylase II1 and a-amylase Ilc components remains
unknown but they may be a-amylase 11 protein complexes. Further
investigations will be necessary to elucidate the nature of these
components.
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