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A tetrameric inhibitor of insect a-amylase from barley
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A tetrameric inhibitor that is active against a-amylase from the larvae of the insect Tenebrio molitor, but

inactive against the enzyme from human saliva and against the endogenous one, has been described in barley

endosperm. The subunits of the inhibitor have been identified as the previously characterized proteins CMa,
CMb and CMd, of which only CMa was inhibitory by itself.
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1. INTRODUCTION

Protein inhibitors of heterologous a-amylases
have been found in many seeds [1-3] and those
from wheat endosperm have received particular at-
tention [1,2]. Fractionation of the wheat inhibitors
by gel filtration in the absence of dissociating
agents yields three families of isoinhibitors with
apparent molecular masses of 12, 24 and 60 kDa,
which respectively correspond to monomeric,
dimeric and tetrameric forms [4]. The first two
families have been extensively characterized
[1,5-8], and we have presented evidence that their
components are encoded in wheat and barley by
disperse multi-gene families that also encode tryp-
sin inhibitors and subunits with no apparent in
vitro activities [9—14]. A high proportion of the
members of this group of proteins can be selective-
ly extracted by chloroform/methanol mixtures and
have been designated CM-proteins (see [2]). Less
information is available concerning the tetrameric
inhibitors [15] and, in particular, their subunits
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have not been purified and characterized, and
there is no direct evidence that they belong to the
same homologous family as those of the
monomeric and dimeric inhibitors. In barley, only
one subunit of this protein family has been found
to inhibit insect a-amylase [12]. We now report a
tetrameric barley inhibitor, which is specific for in-
sect a-amylase and is composed of the previously
described active subunit and of subunits that are
not inhibitory by themselves.

2. MATERIALS AND METHODS

A crude inhibitor preparation was obtained
from barley endosperm (Hordeum vulgare cv.
Bomi) essentially as described for wheat [15]: the
ground endosperm was extracted with 150 mM
NaCl, and the salt extract was precipitated with
50% saturated (NH,),SO4, suspended in water,
dialysed and lyophilized. Gel filtration was carried
out on Sephadex G-100, using 100 mM ammonium
acetate as elution buffer (225 mg of protein; 2.5 X
90 cm column; 25 ml/h; 8 ml fractions). Ap-
propriate aliquots of the eluted fractions were
assayed for their inhibitory activities against the a-
amylases from the larvae of the insect Tenebrio
molitor and from human saliva, as well as against
the barley enzyme. Endogenous w-amylases were
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Fig.1. Gel filtration on Sephadex G-100 of proteins extracted from barley endosperm with 150 mM NaCl and

precipitated with 50% saturated (NH4),SO4. Fractions were also tested against barley a-amylase and no inhibitory

activity was detected (not represented). Bovine serum albumin (67 kDa), ovalbumin (45 kDa), chymotrypsinogen
(25 kDa), and cytochrome ¢ (12.3 kDa) were used to calibrate the column.

inactivated by heating for 40 min at 60°C and the
tests were carried out as in a previous report [12].
Proteins CMa, CMb and CMd were purified as
described [16,17]. SDS-PAGE was performed ac-
cording to Laemmli [18]. Two-dimensional elec-
trophoresis, IEF (pH 4-9 or 5-8) X SGE (pH 3.2),
was carried out as in [9], except that 6 M urea was
omitted in the first dimension when indicated and
that, in these cases, the protein samples were in-
cluded in the polymerization mixtures.

3. RESULTS AND DISCUSSION

A crude inhibitor preparation, obtained from
barley endosperm by salt extraction and
(NH,),SO,4 precipitation, was subjected to gel
filtration as indicated in fig.1. Three peaks of in-
hibitory activity against the o-amylase of the insect
T. molitor were found and their apparent
molecular masses were respectively similar to those
assigned to the monomeric, dimeric and tetrameric
inhibitors of wheat [4]. Activity against salivary a-
amylase was also found in the peaks corresponding
to the monomeric and dimeric forms, whereas the
activity of the tetrameric form seemed to be
specific for the insect enzyme (fig.1). Proteins
from the four fractions indicated in fig.1 were
separated by SDS-PAGE, as shown in fig.2. Two
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prominent bands, which only appeared in fraction
2, had apparent molecular masses in the range of
12—15 kDa, as expected for the subunits of the
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Fig.2. SDS-PAGE of total extract (T) and of fractions
1-4, which were pooled as indicated in fig.1.
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tetrameric inhibitors [15]. These proteins were previously characterized proteins CMa, CMb and
separated from the high-molecular-mass com- CMd were observed, which suggested that these
ponents common to fractions 1 and 2 by gel filtra- proteins were indeed the subunits of the tetrameric
tion under dissociating conditions (not shown) and inhibitors. Fig.3C shows a two-dimensional frac-
further analysed by two-dimensional elec- tionation of proteins corresponding to fraction 2,
trophoresis, as shown in fig.3B. Three components in which 6 M urea has been omitted as dissociating
that co-migrated with pure samples of the agent in the first dimension and the high-
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Fig.3. Two-dimensional fractionation by combined IEF (pH 4-9 or 5-8) x SGE (pH 3.2). (A) Total extract. (B) Low-
molecular-mass proteins from fraction 2 of fig.1. (C) Fraction 2. (D) Mixture of the purified proteins CMa, CMb and
CMd. (A,B) Dissociating conditions (6 M urea) were used in the 1st dimension. (C,D) Non-dissociating conditions;
associations were indicated by arrowheads (v, v); mobilities in the 2nd dimension of proteins CMa, CMb, and CMd
are indicated (a,b,d) at the right side of the figure. IEF was carried out for 1 extra hour in D with respect to C.
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molecular-mass components do not penetrate into
the gel. Under these conditions, a complex pattern
is observed which indicates that associations occur,
the most abundant of which includes the three pro-
teins. A similar pattern is obtained when the three
purified proteins are mixed (fig.3D), indicating
that the association can be reconstituted in vitro.
As reported [12], protein CMa was active against
insect -amylase, whereas CMb and CMd were in-
active by themselves. In view of the associations
shown in fig.3, the inhibitory properties of dif-
ferent mixtures of these proteins were investigated
as summarized in fig.4. For a given amount of pro-
tein, there was no significant difference between
the activities of all the binary mixtures, including
the mixture of the two inactive subunits (CMb +
CMd), and that of CMa by itself, whereas the mix-
ture of the three proteins was about twice as active
as CMa or the binary mixtures. Of all the interac-
tions demonstrated in this experiment, that of
CMa with the other two proteins and, to a lesser
extent, that of CMa with CMb seem to be the only
significant ones in vivo, based on the observations
presented in fig.3.

The gene encoding CMa has been located in
chromosome 1 of barley (homologous to group 7
of wheat), and the genes for CMb and CMd have
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Fig.4. Inhibition of a-amylase from larvae of Tenebrio
molitor by purified proteins CMa, CMb, CMd and their
mixtures. Equal amounts of each of the indicated
proteins were used in the mixtures. All tests were carried
out with approx. 2 units of o-amylase (1 unit defined as
the amount of enzyme required to produce the reducing
equivalents of 1 mg of maltose in 20 min).
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been assigned to chromosome 4 [11,12]. In wheat,
we have shown that this multi-gene family is
dispersed over chromosomes of groups 3, 4, 6, and
7 [9,14] and have assigned genes for the
monomeric and  dimeric  inhibitors  to
chromosomes of groups 3 and 6 [13]. The iden-
tification of proteins encoded in chromosomes 1
and 4 of barley as components of the tetrameric in-
hibitor suggested that proteins encoded in
chromosomes of groups 4 and 7 of wheat, which
were not active by themselves [14], might be the
components of the wheat tetrameric inhibitors.
Preliminary experiments seem to confirm this
hypothesis (unpublished). We have previously
observed that the members of this protein group
that correspond to chromosomes of groups 4 and
7 (1 in barley) are more effectively extracted by
chloroform-methanol  mixtures than those
associated with chromosomes of groups 3 and 6
because of their hydrophobicity [16,19], a property
that might be related to the tetrameric interactions.

It has been reported that crude prolamin
preparations are inhibitory for a-amylases [1], and
indeed certain domains of the prolamins show a
weak homology with the CM-proteins [20,21], but
we have shown that significant amounts of CM-
proteins are present in prolamin preparations ob-
tained by different procedures [19,22], which in
view of the present results is a more plausible ex-
planation for the above observation.
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