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In our recent paper in the Journal of Experimental Botany,
we demonstrated that Brassica juncea BjCHI1 shows anti-fungal
properties against phytopathogens, Colletotrichum truncarum,
C. acutatum, Botrytis cinerea and Ascochyta rabiei. Furthermore,
BjCHI1 which is an unusual plant chitinase with two (almost
identical) chitin-binding domains, agglutinates Gram-negative
bacteria, adversely affecting their growth. In contrast, BjCHI1
derivatives lacking one or both domains do not show agglutination
activity, suggesting that both chitin-binding domains are essential
for agglutination. Observations that agglutination could be relieved
by addition of galactose, glucose or lactose, imply that BjCHI1
interacts with the carbohydrate components of the Gram-negative
bacterial cell wall. We propose here, a model for BjCHI1-mediated
agglutination between Gram-negative bacteria, through interac-
tion of their adjacent cell walls mediated by the two chitin-binding
domains of BjCHI1. BjCHI1 is a plant chitinase which has evolved
towards acquiring an enhanced role in plant defense against fungi
and Gram-negative bacteria. Hence, it is a promising candidate for
applications against phytopathogens in plant genetic engineering
via nuclear or plastid transformation.

An Unusual Chimera Consisting of Two Chitin-Binding
Domains Linked to a Chitinase Catalytic Domain

BjCHII1, the first chitinase identified to possess two chitin-
binding domains, is an unusual chimera that also includes a chitinase
catalytic domain.! It can be classified as a plant lectin because lectins

are defined to contain one or more chitin-binding domains.>3
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BjCHI1 also displays chitinase activity by virtue of a chitinase
catalytic domain residing at its C-terminus."%¢ Structurally, it differs
from Class I chitinases’ which contain only one chitin-binding
domain, and from other plant lectins, such as hevein® which has a
single chitin-binding domain, and wheat germ agglutinin which has
four such domains.” The two latter proteins lack the catalytic domain
and thus do not show chitinase activity.

BiCHI is a New Member of Hololectins that can Agglutinate
Bacteria

Our investigations using both Pichia pastoris-expressed recom-
binant BjCHI1 and plant extracts from transplastomic tobacco
overexpressing BjCHI1 indicate that BJCHII agglutination activity
is correlated with growth inhibition of Gram-negative bacteria.
BjCHII inhibited the growth of Gram-negative bacteria (Escherichia
coli, Ralstonia solanacearum, Pseudomonas aeruginosa) more effectively
than Gram-positive bacteria (Micrococcus luteus and Bacillus megate-
rium). Notably, this study demonstrates the significance of the second
chitin-binding domain in conferring agglutination. BjCHI derivatives
lacking one or both chitin-binding domains did not display bacterial
inhibition in all strains of bacteria tested. These results are consistent
with our previous observations on the agglutination of rabbit erythro-
cytes, evident only in BJCHI1, but not in its derivatives lacking one or
both chitin-binding domains.® They are also in good agreement with
published data on the agglutination function of other carbohydrate-
binding proteins.>>!1% Plant lectins are defined as “plant proteins
possessing at least one non-catalytic domain, which binds reversibly to
a specific mono-or oligosaccharide”.!? However, a monovalent lectin
with merely a single carbohydrate-binding domain (i.e., merolectin)
does not precipitate glycoconjugates or agglutinate cells.

Previous studies have shown that the subgroup, hololectin, may
effectively agglutinate cells.!! Hololectins contain two or more
carbohydrate-binding domains which are identical or very homolo-
gous. Their multiple binding sites allow them to fully agglutinate
cells. Interestingly, the amino acid sequence of the two chitin-
binding domains of BjCHII shows 95% identity with each other,
which indicates homologous binding specificity,! suggestive that
BjCHI1 is a new member of the hololectins. The bivalent structure
of BJCHI1 may be a prototype of plant pathogenesis-related proteins
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that are able to agglutinate and inhibit bacteria
cell growth. The precursor of Urtica divica agglu-
tinin (UDA), which resembles BjCHI1 in having
two chitin-binding domains,! has already been
grouped to hololectins.!! However, UDA differs
from BjCHI1 because its catalytic domain is
eliminated from the two chitin-binding domains
during posttranslational cleavage.

Inhibition of agglutination by free mono-
saccharides and oligosaccharides suggests of
interactions between the BjCHII lectin and
lipopolysacharide moieties residing on Gram-
negative bacterial cell walls. We propose a model
for this BjCHI1-mediated agglutination involving
the outer membranes of adjacent cell walls of
Gram-negative bacteria (Fig. 1). Such agglutina-
tion would be effective in immobilizing motile
bacteria. Agglutination of R. solanacearum was
relieved by the addition of carbohydrates: free
monosaccharides (galactose and glucose) and
disaccharide (lactose), implying presence of lectin-
lipopolysaccharide interactions between BjCHII
and Gram-negative bacterial cell walls. The outer
core of lipopolysaccharides on the bacterial cell
wall consists of pentasaccharide glucose, galac-
tose and N-acetylglucosamine, and the O-antigen
includes mannose and rhamnose; most interest-
ingly, chitin-binding lectins containing hevein
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Figure 1. Model showing how BjCHI1 can mediate agglutination of Gram-negative bacteria.
The two near identical chitin-binding domains (CBD) bind carbohydrates and are responsible
for linking lipopolysaccharide (LPS) on the outer membranes (OM) of the cell walls of adjacent
Gram-negative bacteria. An agglutinated matrix of bacteria results from this BjCHI1-mediated
action which can be relieved by the addition of galactose, glucose or lactose. PL, phospholipid.

domains are N-acetylglucosamine-specific.!2

Chitinase Activity is Independent on the Number
of Chitin-Binding Domains

In the current study, the derivative of BjCHI1 lacking a second
chitin-binding domain, also showed growth inhibition of fungal
hyphae of C. runcatum and C. acutatum. This is in accordance with
previous studies demonstrating that this derivative, when expressed
and extracted from transgenic tobacco, showed levels of chitinase
activity similar to transgenic tobacco-derived BjCHI1 in standard
colorimetric chitinase assays.* Multiple chitin-binding domains do
not seem to be required for antifungal chitinase activity. Indeed,
the majority of plant chitinases consist of at most only one chitin-
binding domain and a catalytic domain.” Also, the removal of one
or both chitin-binding domains in recombinant BjJCHI1 did not
adversely affect chitinase activity of BjCHI1 when expressed in 2

pﬂsturz's.G

Conclusions: Dual Functions of BjCHI1 in Plant Defense

Chitinases are a group of important defense-related proteins in
plants. Our previous studies have shown that expression of BiCHII
mRNA is induced by wounding, methyl jasmonate,! Aspergillus
niger infection and feeding by caterpillars of Pieris rapae. Transgenic

tobacco? and transgenic potato’

extracts demonstrated anti-fungal
activity against Trichoderma viride and transgenic potato plants were
conferred protection against the soil-borne pathogen, Rhizoctonia
solani.?

Based on the absence of anti-bacterial activity in BJCHI1 deriva-

tives lacking the chitin-binding domains, the bivalent structure of
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the carbohydrate-binding domains in BJCHI1 appears essential in
defense against bacteria. The formation of two- and three-dimen-
sional supermolecular assemblies'® from the interaction of the
lipopolysaccharide components, present on the outer membranes of
bacterial cell walls, in conjunction with BjCHI1, would immobilize
bacteria. Further, the second chitin-binding domain may confer
a synergistic effect on BjCHI1 with other chitinases, as well as in
enhancing its own ability to access reactive sites on fungal hyphae.
Our study provides evidence in an evolution of a multi-functional
protein within the chitinase family.

Chitinases are presumably safer pesticides than chemically-
synthesized alternatives. In agriculture, such chitinolytic enzymes
are important in controlling phytopathogenic fungi, insects and
nematodes. This study provides evidence on the versatility of
BjCHII in defense against both pathogenic bacteria, including R.
solanacearum (causative agent of bacterial wilt), as well as against
fungal phytopathogens, C. truncatum and C. acutatum (causative
agents of anthracnose affecting fruit and plantation crops), and
B. cinerea (causative agent of blight). That such protection could
be rendered in transplastomic tobacco suggests some promise for
BjCHII in genetic engineering for disease-resistance, despite limita-
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tions'? in the use of such strategies due to complexities arising from

biological systems.
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