P . 7
university of :7’%//4
groningen ?',,g’z,, University Medical Center Groningen

i

University of Groningen

Morphological Effects of Quaternary Ammonium Compounds on Staphylococcal Biofilms
Zerdoum, A_; Libera, M.; Crismaru, M.; Loontjens, J. A.; van der Mei, H. C.; Busscher, H. J.

Published in:
Microscopy and Microanalysis

DOI:
10.1017/51431927612001961

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2012

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):

Zerdoum, A., Libera, M., Crismaru, M., Loontjens, J. A., van der Mei, H. C., & Busscher, H. J. (2012).
Morphological Effects of Quaternary Ammonium Compounds on Staphylococcal Biofilms. Microscopy and
Microanalysis, 18(S2), 22-23. https://doi.org/10.1017/S1431927612001961

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/lUMCG research database (Pure): http.//www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 11-09-2023


https://doi.org/10.1017/S1431927612001961
https://research.rug.nl/en/publications/66e952c4-cded-44bb-946d-0450461d3531
https://doi.org/10.1017/S1431927612001961

Morphological Effects of Quaternary Ammonium
Compounds on Staphylococcal Biofilms

A Zerdoum, M Libera, M Crismaru, JA Loontjens, H van der Mei, H Busscher

DECTRIS

detecting the future

High dynamic range and single

electron sensitivity combined with
extreme speed (120,000 fps)
for vour 4D STEM experiment.

€20z 1snbny gz uo Jasn uabuiuols) yausianiunsyliy Aq /68€£69/22/2S/8 L/3101e/wew/wod dno-olwapede//:sdiy woiy papeojumoq


https://www.dectris.com/detectors/electron-detectors/for-materials-science/arina/

22

Microsc. Microanal. 18 (Suppl 2), 2012

doi:10.1017/S1431927612001961 © Microscopy Society of America 2012

Morphological Effects of Quaternary Ammonium Compounds on
Staphylococcal Biofilms
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A wide range of antimicrobial agents are being explored to control bacterial colonization of
surfaces and biofilm formation. Among these are quaternary ammonium compounds (QACs).
We are interested in exploring the mechanism of action that QACs have on killing
staphylococcal bacteria commonly implicated in biomaterials-associated infection. Here we
take advantage of recent developments in scanning electron microscopy (SEM) to image S.
epidermidis before and after exposure to a particular QAC. These images indicate that the
QAC:s disrupt the cell wall.

Staphylococcal biofilms were grown in 35 x 10 mm non-coated bacterial suspension dishes for
24 hrs. The biofilms were then washed with phosphate buffer. An amount corresponding to the
miminum (planktonic) bactericidal concentration (1xMBC) of Ethoquad ® C/25
(Cocoalkylmethyl [polyoxyethylene (15)] ammonium chloride) QAC (150 pg/mL) was then
added to the culture medium and it was incubated for 12 hrs. The biofilms were then fixed using
2% glutaraldehyde and stained with OsO4. Confocal images were taken of biofilms using the
procedure above but without glutaraldehyde fixation or OsOj4 staining.

Leaving each biofilm in its original polystyrene culture well, the fixed and stained biofilms were
embedded in epoxy using standard electron-microscopy protocols. A Leica Ultracut UCT
microtome was then used to uniformly expose the biofilm/polystyrene interface. SEM imaging
and focused-ion-beam (FIB) machining were performed using a Zeiss Auriga FIB-SEM using
1.90 keV electrons and an in-lens backscattered detector (EsB). FIB milling was done using 30
keV Ga ions at a current of 600 pA. Data obtained were reconstructed in 3D from 400 serial
images collected at slice intervals of 20 nm using the Avizo® Fire 3D analysis software.

Figure 1 shows typical results SEM images using the in-lens backscattered detector. A
considerable morphological difference can be observed between the untreated control (fig. 1A)
and the QAC-treated biofilm (fig. 1B). The cell walls of the treated bacteria are clearly lysed in
several cases, and the majority of QAC-treated bacteria have lost significant amounts of
intracellular material. These observations are reinforced by the reconstructed 3-D images of
figure 2. While gentamicin is effective at killing bacteria there appears to be much less obvious
cellular damage (fig. 2 left) than in the case of the QAC-treated biofilm (fig. 2 right). Work is
now on-going to explore such specimens in the unfixed, unstained, frozen-hydrated state using
cryo-SEM techniques. Figure 3 shows confocal images of the variously treated biofilms after
exposure to live/dead stain. The untreated control forms a robust and viable biofilm.
Gentamicin treatment leads to some killing, but substantial viable biofilm remains. In contrast,
the QAC treatments are clearly very effective at both killing bacteria and inhibiting their growth.

This project is supported by U.S. National Science Foundation grant #CBET-0708379 and Dutch
Technology Foundation grant STW grant# GPC 7844.

£20Z 1snBny zgz uo Jesn usbuiuols) naysteaunsyiiy Aq /G8EE69/22/2S/8 L /eonie/wew/woo dno olwapeoe//:sdiy Woly peapeojumo(



Microsc. Microanal. 18 (Suppl 2), 2012

23

Fig. 1: Backscattered SEM Images of S. epidermidis biofilms without (A) and with (B) exposure to 1xMBC of QAC
during growth.
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Fig. 3: Confocal imaging
of live (green)/dead (red)
stained S. epidermidis
biofilms shows that
QAC exposure at
3xMBC leads to
complete biofilm
destruction. Gentamicin
and 1xMBC QAC
treatments inhibit but do
not fully eradicate S.
epidermidis biofilm
formation. (1xMBC
QACs =210ug/mL)
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Fig. 2: 3D reconstruction
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