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ABSTRACT 

S-layer proteins are among the most widespread in nature prokaryotic proteins (bacteria, archaea). Highly ordered 
protein arrays composed of single protein or glycoprotein subunits. They completely cover the cell surface during all 
stages of bacterial growth and division. Since their discovery S-layer proteins were found in more, than 300 different 
prokaryotic species, however, the number of S-layer proteins for which the sequences were identified is significantly less. 
S-layer proteins account for 10 to 15 % of the total cell protein production and that places them among the most 
abundant cellular proteins at all. This review article focused on recent innovations in B. thuringiensis S-layer proteins, 
and the possibility of applications of insect pest management strategies. The developments described in this review 
article underscore the validity of genetic manipulation to improve efficacy/ cost-effectiveness, and to expand the markets 
for Bt-based bioinsecticides. 
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INTRODUCTION 
The use of Bacillus thuringiensis as a biopesticide is a viable alternative for insect control since the 
insecticidal Cry proteins produced by these bacteria are highly specific; harmless to humans, vertebrates, 
and plants; and completely biodegradable. In addition to Cry proteins, B. thuringiensis produces a number 
of extracellular compounds, including S-layer proteins (SLP) that contribute to virulence. The S layer is an 
ordered structure representing a proteinaceous paracrystalline array which completely covers the 
surfaces of many pathogenic bacteria [1]. 
The S-layer is an ordered structure of proteinaceous paracrystalline arrays which completely covers the 
surfaces of many archaea and bacteria [2, 3] and constitutes up to 15% of the total cell protein. The 
function of S-layer proteins (SLP) has not been accurately defined. It was proposed that these proteins are 
involved in cell integrity and shape maintenance [2]. Also, it has been hypothesized that they may be 
involved in macromolecule exchange with the environment since they are the outermost cell envelope 
component [2]. In some gramnegative pathogens, they have been implicated in virulence and resistance 
to complement-mediated killing [2, 4]. In Bacillus cereus, the SLP promotes interactions with human 
leukocytes and with the host, contributing to pathogenicity [5]. It has been proposed that in Bacillus 
anthracis, the S-layer and the capsule might cooperate in the interaction with the host [6]. The SLP 
comprise a family of proteins found on the surfaces of very different bacterial species that live under 
different environmental conditions and have different targets. These proteins are modular in structure, 
consisting of two different functional domains [1]. 
 
BINDING MECHANISM OF S-LAYER SUBUNITS 
In bacteria, the S-layer subunits are linked to each other and to the underlying cell envelope layer by non-
covalent interactions. The N-terminal region of S-layer proteins from Gram-positive organisms recognizes 
a distinct type of secondary cell wall polymer as the proper binding site. Secondary cell wall polymers 
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(SCWPs) are covalently linked to the peptidoglycan backbone. S-layer subunits can be extracted from cell 
wall fragments with chaotropic agents (e. g. GHCl) and form self-assembly products after removal of the 
disintegrating agent. 
Pena et al., [1] characterized a B. thuringiensis S-Layer protein which is involved in toxicity against 
Epilachna varivestis (Coleoptera: Coccinellidae). They screened two B. thuringiensis strain collections 
containing unidentified Cry proteins and also strains isolated from dead insects. Some of the B. 
thuringiensis strains assayed against E. varivestis showed moderate toxicity. However, a B. thuringiensis 
strain (GP1) that was isolated from a dead insect showed a remarkably high insecticidal activity. The 
parasporal crystal produced by the GP1 strain was purified and shown to have insecticidal activity against 
E. varivestis but not against the lepidopteran Manduca sexta or Spodoptera frugiperda or against the 
dipteran Aedes aegypti. The gene encoding this protein was cloned and sequenced. It corresponded to an 
S-layer protein highly similar to previously described SLP in Bacillus anthracis (EA1) and Bacillus 
licheniformis (OlpA). The phylogenetic relationships among SLP from different bacteria showed that these 
proteins from Bacillus cereus, Bacillus sphaericus, B. anthracis, B. licheniformis, and 
B. thuringiensis are arranged in the same main group, suggesting similar origins. This is the first report 
that demonstrates that an S-layer protein is directly involved in toxicity to a coleopteran pest. This work 
will add a new protein to the list of insecticidal proteins produced by B. thuringiensis. This work also 
showed that classical screening strategies using B. thuringiensis strains isolated from soil samples could 
be laborious and inefficient at isolating strains highly active against a selected pest. The strategy for 
isolating B. thuringiensis strains from dead insect bodies seems to be highly effective at identifying active 
strains. Finally, it would be relevant to test whether other S-layer proteins produced by B. thuringiensis 
have some insecticidal activity against other insect species. This knowledge could be important for future 
control of insects. However, the mechanism of action of this SLP is unknown, and future work is needed to 
describe it. 
Zhou et al., [7] screened four B. thuringiensis strains whose parasporal inclusions contained the S-layer 
protein (SLP), and cloned two slp genes from each strain. Phylogenetic analysis indicated these SLPs could 
be divided into two groups, SLP1s and SLP2s. To confirm whether SLPs were present in the S-layer or as a 
parasporal inclusion, strains CTC and BMB1152 were chosen for further study. Western blots with 
isolated S-layer proteins from strains CTC and BMB1152 in the vegetative phase showed that SLP1s and 
SLP2s were constituents of the S-layer. Immunofluorescence utilizing spore-inclusion mixtures of strains 
CTC and BMB1152 in the sporulation phase showed that SLP1s and SLP2s were also constituents of 
parasporal inclusions. When heterogeneously expressed in the crystal negative strain BMB171, four SLPs 
from strains CTC and BMB1152 could also form parasporal inclusions. This temporal and spatial 
expression is not an occasional phenomenon but ubiquitous in B. thuringiensis strains. 
Finally, it would be relevant to test whether other S-layer proteins produced by B. thuringiensis have 
some insecticidal activity against other insect species. This knowledge could be important for future 
control of insects. However, the mechanism of action of this SLP is unknown, and future work is needed to 
describe it. 
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