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A new family of small (5 kDa) protein inhibitors of insect a-amylases
from seeds or sorghum (Sorghum bicolor (L) Moench) have sequence
homologies with wheat y-purothionins
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Thrce isoinhibitors of Tocust und cockrouch gut -umylaves were purified from sceds of sorghum by saline extruction, precipitation with immonium

sulphate, affinity chromutography on Red-Sephiarose and preparative RP-HPLC on Vydue C,,. The camplete primary sttuctures were determined

by automatic degradution of the inmet reduced and S-alkylated proleing, und by manual DABITC/PITC microxequencing of peptides obtained

from enayme digests. The inhibitors consist of 47 ($12-1) or 48 (S1x-2, §Tx-3) umino acids, and are the smallest plant inhititors of x-amyluse current-

ly known. The sequences of the three isoinhibitors exhibit between J8% und #7% identity umong themselves und alzo have homology (32-81%)
with the y-purothionins recently isohited from whent endoxperm.

Sarghum a-umylase inhibitor: Amine acid sequence: Homology with y-purathionin

1. INTRODUCTION

Interest in the plant protein inhibitors of enzymes has
been stimulated by the recent finding of several new
families (reviewed in [1,2]) and the discovery that a
number of them have somewhat surprising sequence
homologies with other protcins and enzymes. For ex-
ample, a bifunctional inhibitor of trypsin and a-
amylase from maize seeds has strong sequence simi-
farities with the sweet protein thaumatin, viras-induced
pathogenesis-related (PR) proteins 3] and plant pro-

teins induced by salt- [4] and water-stress [5]. An in-

hibitor of locust gut a-amylase from sceds of Coix
lachryma-jobi which exhibited sequence similarity with
various endochitinases® was subsequently found to
possess this enzyme activity [6]. Similarly when a pro-
tein from barley seeds [7] with homology to the a-
amylase inhibitor 2 from ragi (Eleusine coracana) seeds
[8] was also observed to have similarity to various
phospholipid transfer proteins [9], later assays confirm-
ed that it possessed this:function [10]. Also the further
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discovery that an amylase inhibitor from beans has the
same structure as lectin (agglutinin)-like proteins {11]
tends to confirm the suspicion that many of these ap-
parently defensive inhibitor proteins may have other as
yet unsuspected functions.

In this paper we report the characterization of three
homologous sulphur-rich inhibitors of locust and
cockroach gut a-amylases from seeds of sorghum
(Sorghum bicolor) which are currently the smallest
known plant inhibitors of a-amylase. These inhibitors
have strong sequence similarities with the y-purothio-
nins recently isolated from wheat endosperm [12] which
in turn are related to various toxic plant thionins that
modify membrane permeability {13] and inhibit in vitro
protein synthesis in cell-free systems [14].

2. MATERIALS AND METHODS

2.1, Extraction and purification

Seeds of sorghum (Sorghum bicolor (L) Moe¢nch, cv. French red)
were obtained from Dr J. Ceeil (Overseas Development Natural
Resources Institute, Culham, Abingdon). 330 g of milled seed was
defatted with acetone and extracted for 12 h at 4°C with 0.1 M HCl
in 0.1 M NaClJ (1.3 liters). After centrifugation (10000 g, 25 min,
4°C) the pH. of the supernatant was adjusted to 7.0 with 1 M NaOH,
The proteins which precipitated were removed by centrifigation, and
ammonium sulphate was added to the supernatant to give a 60%
saturation. The proteins which' precipitated were collected by cen-
trifugation, dissolved in 30 ml of 0.05 M Tris-HCl buffer, pH 7.0,
containing 0.1 M NaCl and dialyzed against the same buffer for 24 h.
Insoluble proteins were removed by centrifugation and the solution
applied to a eolumn (2,520 em) of Red-Sepharose CL-6B equili-
brated in the same buffer. The column was washed with the equili-
brating buffer until the Azso reached zero when the proteins bound to
the column were eluted with 0,05 M Tris-HCl, pH 7.0, containing 3
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M NaCl, The eluate was dialysed againd distitlad water and
Iyophitized.

The proteins dluted from the Red:Sepharave-yohamn (40 mgs were
dissolvad in 1.3 mlof & M guanidine HEY in 0.1 % aguesus TFA andd
anplicd 1o a preparative RP-HPLC caluma (33 mm % 23 em) of Vydae
Cos (218 TP 1022, Technicol Lud) whivh wite eluted witha gradiem of
acetonitrile in 0.1 % agqueauy TFA, The individual praks containing
a-amylase infi™ioars wove rechiromatographed on an analytical RP-
HPLC column (4.6 mm = 15 em of Vydae € (218 TP $4, Technlvol
Lid),

2.2, weolmylase assavy

wAmylaves from human wlive, porcine panereas, ~speryilles
vrysag, Bucilhes spp. and barley were purchaswed from-Sigma Chem,
Co. Crude extracts of the aeumyheses From the yuts of mature barvive
(wymphs) of the Afriean migrmory losust (Locesta migratoria
migraioricides) and adult cockroaches (Periploncta americant) were
prepared by homogenizing the disseeted whole guts i 0.025 M Tris-
HCL, pHl 7.5 containing 10 mM CaCly. Lipids were removed by ex-
traction (% 1) with chloroform. The activity of all a-amylases was
determined by using the methad of Bernfeld [13).

2.3, Electraphoresis

SDS-PAGE was carried out wsing a moditicd Laemmli sysiemn with
20% gels (16]. Isoclectrie facussing on polyaceylamide gels containing
ampholines covering the pH range 3.0-10.0 was as deseribed in {17).

2.4. Molecular weight estimations

‘The molecular weights of the purified amylase inhibirars were also
measured using the plasma desorptian time of flight method in the
Biolon 20 Biopolymer mass analyzer (Applied Biosystems Lud).

2.5, Reduction and S-atkylation

Samples used for enzymaltic digestions were reduced and S-
carboxymethylated as described in {18}, Samplas used for awiomatic
sequencing were S-pyridylethylated on the sequencer glass fibre dises
using 4-vinylpyridine and tributylphosphine in the vapour-phase as
described in {19).

2.6. Amino acid analysis

Samples of the reduced and S- carboaymethylatcd proteins and the
peptides derived from them were hydrolyzed with 5.6 M HCl contain-
ing 0.02% (v/v) cresol at 108°C for 24 h. The amino acids in the
hydrolyzates were derivatized with PITC and analyzed by HPLC us-
ing the Waters Pico-Tag method {20].

2.7. Sequence determination
The native and S-atkylated proteins (5 nmol) were sequenced using

& model 4774 automatic puised liquid phase protein sequencer (Ap- -

plied Biosystems Lid) employing a standard Edman degradation se-
quenator programme.

Samples (2 mg) of the S-carboxylmethylated proteins were digested
separately with trypsin, chymotrypsin and thermolysin as described in
(211, Peptides obtained from these digests were purified by RP-HPLC
on analytical columns of Vydac Ci; using gradients of acetonitrile in
0.1% (v/v) aqueous TFA. The sequences of the peptides were deter-
mined using the manual DABlTC/PlTC double coupling method
{22).

3. RESULTS AND DISCUSSION

Affinity chromatography on Red-Sepharose (procion
red HE-3B ligand) has proved to be a useful step in the
purification of protein inhibitors of w-amylases from a
number of cereal seeds [1,6]. The inhibitors of a-amyl-
ases obtained from sorghum extracts by this method
{Fig. 1) were further fractionated by preparative RP-
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Fig. 1. Affinity womatograply af 60% ammonium - sulphate
precipitate from extract of sorghum seeds an Red-Sepharove €L-68,
Detadls ax deseribed insection 2.1, The arrow Indicites the start of the
¢lutien with buffer containing 3 M NaCl. The fractons coittalning in-
hibitors of a-2mylase which were collected are shown by the bar,

HPLC. This yielded five major peaks of inhibitory ac-
tivity (Fig. 2). Peaks 4 and $ contained proteins with M,
of 13000 whose amino acid sequences (unpublished
results) showed that they clearly belonged to the cereal
superfamily of amylase/proteinase inhibitors [1,2].

Peaks 1-3 contained proteins of about § kDa (by
SDS-PAGE, not shown) contaminated with other pro-
teins in low amounts. Rechromatography of these
peaks on analytical RP-HPL.C columns (not shown)
yielded homogencous components which were called
Sial, Sla2 and Sla3,

All three components strongly inhibited the «-
amylases from the guts of locust and cockroach; show-
ed weak inhibition of the enzyme from Aspergilius
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Fig. 2, Preparative RP-HPLC separation uf sorghum a-amylase in-
hibitors obtained from affinity chromatography on Red-Scpharose.
Chromatography was performed as described in section 2,1, The dot-
ted line indicates the gradient of acetonitrile concentration in 0.1 %
TFA. The numbered peaks (1~5) contained inhibitors of a-amylase,

ABSORBANCE (216 nm)
‘\
L3
[ ACETONITRILE j




Volume 379, number |

oryzae and human saliva and failed 1o inhibit the o-
amylases from poreine pancyeas, barley and Bucillus
spp. This spectrum of inhibitory aetivity towards a-
amylaxes from different sources ix very typical of many
such proteins previously isalated from cereal seeds (2],

The amino acid sequences af the inhibitors Slet,
Ster2 and Slad determined by both automared and
manual sequencing methods are shown in Fig. 3. The
sequences were in good agresment with the results of
amino acid analyses, and the M, values of 5367, 5308

and 5382 caleulated from the sequences corresponcded

well with the estimates of 5200-5300 maude from SDS-

PAGE and plasma desorption mass spectroscopy. Ay

far as we are aware these are the smallest known e
amylase inhibitors obtained so far from a plant souree.

The sequences of all three inhibitors are notable for
their high contents of cysteine residues (B in each) and
basic amino acids. They failed to focus when subjected
1o isoelectric focussing on gels containing ampholines in

the pH range 3.0-10.0 which suggests that their pl

values are above 9.5.

The three inhibitors are clearly homologous (Fig. 4),
with the greatest identity (87%) oceurring between Sla2
and Sla3, whilst Slael has only 42% identity with Sla2
and 38% with Slad. No significant homologies were
found when the sorghum proteins Slerl, 2 and 3 were
compared with the other known families of plant in-
hibitors of enzymes [1,2] by the computer FASTP pro-
gramme [23]. However these sorghum inhibitors of in-
sect a-amylases are strikingly similar in their amino acid
sequences to the y-purothionins recently isolated from
wheat endosperm [12] with identities in the range
32-83%. The wheat y-purothionins in turn show close
resemblance to the «- and F-purothionins and hor-
dothionins from wheat and barley [24-28] and the plant
toxins crambin (29}, pyrularia [30] and viscotoxin [31].
This group of cysteine-rich thionins, which are known
to be toxic to insect larvae [32] are thiought to form a
part of the plant defence mechanisms against pests and
pathogens. Previous workers have demonstrated that
they modify membrane permeability [13], inhibit cell-
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Fig. 3. Amino acid sequences of the sorghum inhibitors of locust and

cockroach gut a-amylases, Arrows (=) indicate residues deter-

mined by automatic degradation of native (Slal) or S-pyridyl-

ethylated (Sle2 and S1a3) protein samples. Solid lines indicate pep-

tides obtained from digestions with trypsin (T}, chymotrypsin (C) and

thermolysin (M) which = were sequenced by the manual
DABITC/PITC method.
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free protein synthesis {14) and inhibit ribonucleotide
reductases by eompeting for reducing equivalents from
thiore-doxin {13).

The high degree of homology between the y-puro-
thionins and the sorghum inhibitors of insect a-
amylases reported in the present work, suggests that the
other thionins should perhaps be examined for their
possible effects on a-amylases, particularly from in-
sects. It is of interest to note that other workers have
reported a weak inhibition of wheat er-amylase by the
wheat purothionins, although only at relatively high
concentrations [34]. Conversely we are currently in-
vestigating the possible multifunctional effects of the
sorghum proteins on membranes and ou in vitro protem
synthesis.
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