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Abstract

Adenylate cyclase-haemolysin (CyaA) toxin from Bordetella pertussis is unique in that it
contains an adenylate cyclase (AC) domain in addition to the common pore-forming (PF)
domain of RTX-toxin family. The truncated pore-forming domain of CyaA (CyaA-PF) has
been shown to involve in pore-formation and cause lysis of sheep erythrocytes. In our
earlier work, the predicted olso.s22, 02529550, ®#3s71.593 and 0.5673.608 Within the PF-
hydrophobic stretch were found crucial for haemolytic activity, and a3 was proposed to be
a pore-lining constituent. Here, a plausible 3D-structure of the CyaA hydrophobic region
(CyaA-HPR, Leusgo-Serzoo) was built by homology modelling based on the known bovine
rhodopsin structure. The model comprised five a-helical bundles (a1s01.519, 0.2527.556, %3566
588, Wds12-640 and a56s0.685), Which mostly resemble previously predicted model. Based on
these models and multiple sequence alignment of the putative pore-lining amphipathic-a3
of CyaA-PF, possible involvement in haemolytic activity of the conserved hydrophilic part
was investigated. Five polar or charged residues lining the hydrophilic side (Glu>”°, GIn*™*,
Glu®!, Ser’ and Ser’ %) have been selected for single-alanine substitutions mutagenesis.
The mutant plasmids (E570A, Q574A, E581A, S584A and S585A) were verified by
restriction mapping and DNA sequencing. All the 126-kDa mutant proteins over-expressed
in Escherichia coli were confirmed by size, Western blot analysis and also acylation
pattern as conformed to the wild type toxin. When hemolytic activity of E. coli lysates
containing soluble mutant toxins was tested against sheep erythrocytes, the importance of
GIu*”°, which is highly conserved among the pore-forming RTX cytotoxin family, was

revealed for pore formation, possibly crucial for a general pore-lining structure involved in
ion conduction.

Keywords: Adenylate cyclase-haemolysin, Bordetella pertussis, haemolytic activity,
pore-forming toxin, transmembrane helices
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The Bordetella pertussis adenylate cyclase-haemolysin (CyaA) toxin is grouped into
the pore-forming RTX cytotoxins by its common pore-forming structural features, which
are the N-terminal hydrophobic domain, the Gly-Asp rich nonapeptide repeats and the C-
terminal signal sequence. The pore-forming domain of these toxins can cause lysis of
target cells (i.e. leukocytes or erythrocytes), but to date the mechanism of pore-formation is
still unclear. Herein, we would like to unravel some part of the mechanism of pore-

formation by using the truncated CyaA pore-forming domain as a model.

4. inguszaen

To investigate the importance of polar and charged amino acids lining on the
hydrophilic surface of putative amphipathic helix 3 on haemolytic activity of CyaA-PF

toxin.

5. Han1SANWN

The hydrophobic region in the pore-forming domain of CyaA, which is believed to
be a membrane insertion part, is predicted by homology modelling to compose of five

helical bundles in accordance with earlier prediction by our group. High sequence



similarity of each helix, especially helix 3, was found among other 12-related pore-forming
RTX cytotoxins by using multiple sequence alignment. Moreover, from helical wheel plot,
the projections of the CyaA helix 3 and other aligned toxins showed the amphipathic
nature of these segments along with their similar hydrophilic surface supporting the
functional importance of these conserved sequences in serving as a lumen-pore-lining
segment. Alanine-scanning mutagenesis of the polar (GIn574, Ser584 and Ser585) and
charged residues (Glu570 and Glu581) lining the putative CyaA helix 3 was conducted.
Five mutant plasmids (E570A, Q574A, E581A, S584A and S585A CyaA-PF) were
successfully constructed and verified. The 126-kDa CyaA-PF mutant toxins were
expressed as a soluble form in the comparable level to the wild-type toxin. The biological
activity of these toxins was tested by haemolytic assay against sheep red blood cells. The
results revealed that single-alanine substitutions at Glu570 (E570A) or Glu581 (E581A)
caused a drastic decrease in haemolytic activity while substitutions at GIn574 (Q574A),
Ser584 (S584A) or Ser585 (S585A) did not severely affect the toxin activity. These results
suggest the essential role of negatively charged glutamic acid especially Glu570 pertaining

to the putative-pore forming helix 3 in CyaA-PF haemolytic activity.

6. d3Una

This study provides further insights into a functional significance of two negatively
charged residues in the putative lumen-lining a3 of B. pertussis CyaA-haemolysin. The
highly conserved Glu570, which is relatively more critical for haemolytic activity against
sheep erythrocytes, could act as a gateway of the pore lumen. However, it remains to be
tested whether the substitutions at Glu570 and Glu581 are conducive to alterations in the

passage of ions through the pore.
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Objective

To investigate the importance of polar amino acids lining on the hydrophilic surface

of putative amphipathic helix 3 on haemolytic activity of CyaA-PF toxin



