
its biological activity. As the abil-
ity of P. aeruginosa LPS to induce
IL-8 and E-selectin is CD14-medi-
ated, antibodies to the carbohy-
drate region of LPS in CF sputum
could neutralize proinflammatory
mediator release in a manner
analogous to neutralization of the 
inflammatory properties of LPS 
by antibodies to the O side chain.
Further investigation into this 
aspect of CF biology is required.

Overall, Ernst et al. have made
an important contribution towards 
understanding the pathogenesis of
P. aeruginosa in CF lung disease.
The questions raised here about
this work highlight the greatness
of the diversity of natural phenom-
ena acknowledged by Kepler, as
all good scientific investigations
raise more questions than they 
answer. Although the importance
of Kepler’s statement is clear, one
must also not forget Mark Twain’s
take on scientific inquiry: 

‘There is something fascinating
about science. One gets such
wholesome return of conjecture
out of such a trifling investment
of fact.’
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We appreciate Dr Pier’s
comments on our recent
paper on the pathogene-

sis of Pseudomonas aeruginosa
lipopolysaccharide (LPS) structural

modification in cystic fibrosis (CF)
lung disease1. Pier correctly raises
the point that palmitate has been
previously observed in P. aerugi-
nosa LPS preparations by gas
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Human rhinoviruses (HRV)
are the main causative
agents of common colds1.

This group of picornaviruses com-
prises ~100 immunologically dis-
tinct serotypes. Based on the cell
surface receptor used for attach-
ment to host cells, HRV serotypes
can be divided into two groups: 
a major and a minor group2. The
major group comprises ~90% of the
described serotypes and all serotypes

in this group bind to intercellular
adhesion molecule 1 (ICAM-1)3,4,
a cell surface receptor of the 
immunoglobulin superfamily. The

receptors for the minor group (the
remaining ~10% of HRV serotypes)
are members of the low-density
lipoprotein receptor family (LDLR)5.

Receptor recognition and
specificity
Receptor binding in the HRV
major group has been studied ex-
tensively. However, the molecular
basis for the differences in receptor
recognition among rhinoviruses
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chromatography analysis; how-
ever, this method of analysis has
the potential to overestimate the
levels of fatty acids present in 
LPS preparations as a result of
bacterial membrane phospholipid
contamination (specifically C16,
C16:1 and C18:1). Therefore, using
mass spectrometry (MS) for the
analysis of P. aeruginosa lipid A
allowed us to demonstrate not
only that palmitate was covalently
attached to the lipid A moiety but
also that it was attached to the 
39-ester-linked fatty acid (3-OH-
C10:0). A second observation
raised by Pier is that there was 
‘a considerable difference’ in the 
sensitivity of P. aeruginosa strain
PAK to polymyxin killing, suggest-
ing variation in the levels of acyl-
ation of lipid A. However, the rea-
son for this discrepancy is that the
two assays have slightly different
incubation periods with polymyxin
and this was not clarified in our
paper. When P. aeruginosa was 
incubated with polymyxin for 2
hours, we saw ,25% survival after
growth in low-Mg21 medium versus
.80% survival when incubated
for only 30 minutes with polymyxin. 

Pier and other readers of our
paper enquired about resistance to
cationic antimicrobial peptides

(CAMPs) in clinical P. aeruginosa
isolates. We have not made an ex-
tensive survey, but for CF1188,
the strain referred to in our paper
with the highest levels of palmitate
and aminoarabinose, increased 
resistance to polymyxin was ob-
served. However, the strains we
have analysed have all been iso-
lated and passaged in vitro and the
results should not be interpreted as
being representative of P. aerugi-
nosa within the lung. The identifi-
cation of CF-specific lipid A struc-
tures by sensitive MS techniques is
a phenotypic marker that indicates
exposure to specific CF lung envi-
ronment conditions. This suggests
that this phenotypic characteristic
might be expressed to a higher
level in vivo and consequently re-
sistance to CAMP and expression
of unique lipid A could be much
greater in vivo. 

Finally, the difference in results
observed for the role of phoP/phoQ
in P. aeruginosa polymyxin resist-
ance demonstrated between the
Hancock laboratory2 and ours 
appears to be a difference in how
polymyxin sensitivity is deter-
mined. The assay of MacFarlane 
et al.2 uses bacteria at a higher
starting concentration, a shorter
incubation period and a single 

low concentration of polymyxin
compared with our assay. Using 
the methods described in the 
MacFarlane et al. paper, we have
obtained similar results using our
PhoP-null strain. Therefore, defini-
tion of the molecular mechanism
of synthesis of CF-unique lipid A
will help to determine the impor-
tance of these results to CF 
patients and could lead to the dis-
covery of novel drug targets that
block inflammation or potentiate
the effects of antibiotics used to
treat CF patients. 
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