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Report:

We performed proof-of-principle USAXS/SAXS experiments at ID02 on the activity of the antimicrobial
peptide O-LF11-215 (octanoyl-FWRIRIRR-NH,) on live E. coli (K-12 wild-type). Bacteria were harvested in
the experimental growth phase and concentrated to an optical density OD = 4 prior to experiment. Mixing
with the peptide was performed either manually or using the stopped-flow apparatus available at ID02. This
allowed us to measure both slow as well as fast reaction kinetics. The applied peptide concentration was just
above the previously determined minimum inhibitory concentration (MIC = 7.8 pg/mL). Three sample-to-
detector distances were used (31 m, 3 m and 1.5 m) in order to cover g-ranges corresponding to positional
correlations between a few pm to the sub-nm regime.

Analysis of the manually mixed samples showed that most of the peptide activity was already passed after
about 2 minutes (time to mix peptides with bacteria and transfer into measurement capillary). We
consequently mainly focussed on fast time-resolved experiments using the stopped-flow apparatus. This
allowed us to measure the kinetics with a minimum wait time of 15 ms after mixing. The framing was set to
an exposure time of 2 ms and a hold time of 2 s after each exposure in order to avoid radiation damage.
Control experiments on E. coli in the absence of peptide were performed in order to make sure that the
observed effects are related to the peptide activity and are not an artefact of the stopped-flow experiment.

Data showed a characteristic modulation of the scattered intensity in the USAXS regime (Fig. 1) due to the
well-defined (low polydispersity) E. coli size, in particular the cell’s diameter, consistent with a previous
report (1). The position of the first minimum of the intensity modulation in the USAXS regime is a measure
of the overall diameter of the bacteria, but is also related to the scattering contrast (2).
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Figure 1: Preliminary USAXS/SAXS experiments on the mode of action of the antimicrobial peptide O-LF11-215 on
live E. coli. Panel A shows TEM data from untreated (top, corresponding length scales are indicated) and treated E.
coli (bottom), adapted from (3). TEM shows that the peptide induced a shedding of aggregates (tubular protrusions)
and separation of the outer and inner membrane. Panel B shows combined USAXS/SAXS data of E. coli at selected
time points before and after rapid mixing with O-LF11-215. Solid lines correspond to preliminary fits using a global
model (1), results are reported in Tab. 1. The inset shows the intensity change in the SAXS regime.

In a first step we therefore evaluated the shift of this position as a function of AMP kinetics (Fig. 2). This
analysis showed a bimodal behaviour, suggesting a rapid increase of bacterial size within the first ~ 40 s after
administration of the peptide, followed by a slower decay to about the original bacterial size. Alternatively,
the changes might be also due a peptide induced modification of the scattering contrast, or be a combination
of both effects. The observed shifts are, however, highly specific to the peptide as demonstrated by a control
experiment using PGLa (GMASKAGAUAGKIAKVAWKAL-NH,), a frequently studied AMP derived from
the African clawed frog Xenopus laevis [see, e.g. (4)]. In this case the initial increase was much faster (~2 s)
and followed by an exponential-like decay with a half time on the order of 10 s (Fig. 2).
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Figure 2: Shift of the first minimum occurring in the USAXS regime after mixing with O-LF11-215 and PGLa.



Focusing on the O-LF11-215 induced effects in the SAXS regime, we observed, within 40 s of the
experiment, a rapid change/loss of intensity at g-vectors around 0.1 nm™ (Fig. 1, inset). This corresponds
roughly to distances in the range of the separation between the inner membrane (IM) and outer membrane
(OM) of the bacterial cell wall. We therefore analysed selected time-frames the USAXS/SAXS with the
global model for E. coli ultrastructure reported recently (1) (Fig. 1).

Using a slab model for the scattering density profile we focussed particularly on the overall E. coli radius

r,. ;> approximating the bacterial shape with ellipsoids, as well as the distance A, - between the inner and

outer membrane. Results, listed in Tab. 1 show that the inner and outer membrane separate significantly
within the first 40 s after peptide addition. A separation of OM and IM is consistent with previous electron
microscopy data (3). Our analysis further indicated that the scattering length density (SLD) of the cytoplasma
decreased by 3-4% during the first 40 s of the experiment. This would be in line with a partial loss of the
barrier function of the cell envelope. However, this analysis is ambiguous at present due to cross-correlations
between the many adjustable parameters of the E. coli ultrastructure model (1). A particular problematic
factor appears to be the presence of flagella and fimbriae in E. coli K-12, which both contribute to the overall
scattered intensity (1). Future studies, should therefore focus on flagella and fimbriae-free E.coli strains and
should also be combined with microbiological assays for peptide induced leakage of cell content in order to
put constraints on the global analysis model. For example such experiments may first overexpress green
fluorescent protein (GFP) in the cytoplasma and then study its release upon interaction with AMPs [see, e.g.

QI

Table 1: Preliminary analysis of O-LF11-215 induced changes in overall E.coli size and distance between the inner
and outer membrane

Time (s) Ip o (NM) AOM/IM (nm)
0 ~912 ~259
0.015 ~ 882 ~259
40 ~ 928 ~28.7

In summary, our preliminary data provides clear evidence (i) that we are able to detect peptide-specific
changes to E. coli ultrastructure using 1D02 and (ii) that these changes occur on the millisecond to second
time scale, which is much faster than anticipated from previous non-scattering experiments. Time-resolved
USAXS/SAXS experiments at ID02 are consequently highly promising to pursue further.
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