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INTRODUCTION

The seeds and vegetative parts of higher plants con-
tain various proteinaceous inhibitors of insect, fungal,
mammalian and endogenous proteinases. The inhibitors
may be involved in plant defense systems against harm-
ful organisms and may also play regulatory roles during
plant development (Shewry and Lucas, 1997). Further-
more, plant inhibitors are of interest in relation to prob-
lems of host/parasite co-evolution (Konarev, 1996), as
markers in studies of plant diversity and evolution (Ko-
narev, 1982, 1996) and as potential drugs with antiviral
and other properties. Genes encoding potent and stable

inhibitors can be transferred to other plants to improve
their pest or fungal resistance (Ryan, 1990). The bio-
chemical properties of hydrolase inhibitors are particu-
larly well studied in the families Fabaceae, Poaceae and
Solanaceae. Some 12 inhibitor families can be recognised
based on their amino acid sequences and target protein-
ases (Shewry, 1999). However, the evolutionary variability
of inhibitors in these taxa was not investigated in detail.
The inhibitors of sunflower and other species of the Com-
positae remained unstudied until recently. We have, there-
fore, (i) determined the polymorphism, distribution,
variability, genetic control and biochemical properties of
α-amylase and proteinase inhibitors in lines, varieties
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and wild accessions of wheat, Aegilops, rice, potato,
cowpea, kidney bean, sunflower and other Compositae
species and (ii) searched for novel inhibitors. Special at-
tention has been given to inhibitors of insect α-amylas-
es and cysteine proteinases, trypsin, which is a typical
digestive enzyme of insects, mammals and fungi, and
subtilisin, a proteinase of microorganisms.

MATERIAL AND METHODS

Seed material was obtained from the Vavilov Institute
of Plant Industry (St. Petersburg). Most of the study was
carried out using simple and sensitive methods to detect
amylase (Konarev, 1982; Konarev and Fomicheva, 1991)
and proteinase (Konarev, 1986; Konarev et al., 1999b,
2000a) inhibitors among other plant proteins, separated
by isoelectric focusing (IEF), electrophoresis or thin layer
gel-filtration. These methods were also effective in mon-
itoring stages of purification of novel inhibitors by gel-
filtration, affinity chromatography and reversed-phase
HPLC.

RESULTS AND DISCUSSION

Cereals. In wheat (Triticum L.) and Aegilops L. the
spectra of insect amylase and proteinase inhibitors de-
termined by IEF are specific for species, genomes or va-
rieties and reflect evolutionary relationships between
diploids and polyploids (Konarev, 1982, 1996). The poly-
morphism of inhibitors of chymotrypsin and subtilisin
(C/SI) is comparable with that of prolamins and can be
used in wheat variety identification.

In rice, inhibitors of trypsin, subtilisin and insect α-amy-
lases were found in accessions of Oryzae sativa and other
diploid species with the A genome but not in diploid spe-
cies with the B and C genomes or tetraploid species with
the BBCC and CCDD genomes. They therefore reflect di-
vergence between rice species with A and other genomes.

Fabaceae. Data for four serine and cysteine protein-
ase inhibitor systems allowed evolutionary links between
Vigna species to be estimated and identified diploid forms
that may be related to the donors of the genomes of tet-
raploids. Data on 74 inhibitor band positions were in good
agreement with data on morphology and DNA analysis
and, in addition provided new information on the evolu-
tionary relationships between species of the subgenus
Ceratotropis (Konarev et al., 1999c, 2000b).

Potato. Solanum tuberosus varieties differed in the
spectra of proteinase inhibitors present in tubers, in their
ability to accumulate inhibitors in leaves in response to
damage and in the spectra of induced inhibitors. Ability
to accumulate inhibitors was found only among varieties
resistant to Colorado beetle (Konarev and Fasulati, 2000).

Compositae. Multiple molecular forms of proteina-
ceous inhibitors of digestive proteinases of animals and
extracellular proteinases of phytopathogenic fungi were

identified in seeds of wild and cultivated Helianthus and
other Compositae species. H. annuus seeds contain at
least two types of trypsin inhibitors (TI) and bifunctional
trypsin/subtilisin inhibitors (T/SI). The main TI, character-
istic of the majority of Helianthus and some Tithonia spe-
cies, is unique among plant proteinase inhibitors in its
small size (1500) and cyclic structure (Konarev et al.,
1999a, 2000a; Luckett et al., 1999). The TIs and T/SIs vary
widely between H. annuus lines and wild Helianthus
species in their presence or absence, composition, hy-
drophobicity and pI. Analysis of F

2
 hybrids indicated

that three loci encoding T/SI components were linked
(Konarev et al., 1999a, 2000a). Similar components were
found in annual diploid species with the B genome but
not in perennials with the A genome. The T/SI present in
seeds and vegetative organs were active against extra-
cellular proteinases of the white rot fungus Sclerotinia
sclerotiorum, an important pathogen of sunflower, indi-
cating a possible protective role (Konarev et al., 1999b).
T/SI, C/SI and T/C/SI with mass near 7500 are widely dis-
tributed in other Compositae species, being present in
species of the subfamilies Carduoideae (genera Cartha-
mus, Centaurea, Cirsium), Cichorioideae (Lactuca,
Taraxacum) and Asteroideae (genera Cosmos, Dahlia,
Bidens) etc.

Thus, in many plant taxa the spectra of various inhibi-
tors can be specific for lines, varieties, single biotypes,
species, groups of species, genomes and genera. Spec-
tra of inhibitors reflect evolutionary links between spe-
cies within a subgenus or genus or between diploid and
polyploid species. The use of inhibitors as markers of
plant resistance to harmful organisms can be based on
their biological activity or on their physiological or ge-
netic linkage with resistance factors. Methods of detec-
tion of amylase and proteinase inhibitors are applicable
to representatives of many plant families and can be used
to search for novel inhibitor types. Inhibitors can be ef-
fectively used in studies of plant diversity, evolution and
plant-parasite co-evolution in combination with other
protein and DNA markers.
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