FEREE K 2023 5 138 1 131-8.

(56 140 A ESHRSTEERE]

INAF T 4 )V AEBR{EE ICBiofilm DBIFR &
BRRCS A TRIVA A= IADIGH

I SR

! AR R R E R A S S
P R ERER R E IR EHEE RN A 7 1 VA > 5 —
SHEEHERER R EHRGERENA L >y — T 0oz 7 MY 2 0 R

DEVELOPMENT OF iCBIOFILM, A METHOD FOR INSTANTANEOUS
CLEARING OF BIOFILM: AN OPTICAL APPROACH TO VISUALIZE
BIOFILMS AND ITS APPLICATION FOR LIVE CELL IMAGING

Shinya SuGgiMmoto"** and Yuki Kinyo'-?

'Department of Bacteriology, The Jikei University School of Medicine
“Center for Biofilm Science and Technology, Centers of Advanced Medicine, The Jikei University School of Medicine
‘Laboratory of Amyloid Regulation, Research Center for Medical Sciences, The Jikei University School of Medicine

Biofilms are highly organized microbial communities that form on abiotic or biotic surfaces and can be
tolerant of antimicrobial agents and host defense systems. Therefore, biofilms cause various chronic human
infectious diseases, such as catheter—related bloodstream infections, urinary tract infections, and endocarditis.
To better understand the structures and functions of biofilms, including their interactions with hosts and other
microbes and their responses to antimicrobials, strategies that enable rapid and efficient visualization must
first be developed. Recently, we have developed a whole-biofilm clearing and fluorescent imaging method,
termed instantaneous clearing of biofilm (iCBiofilm). This method is a rapid and efficient technique involving
only immersion of biofilms in a refractive index—matching solution, enabling instant whole—biofilm imaging
with fluorescent microscopy. iCBiofilm is broadly applicable for multicolor imaging of immunostained matrix
components and fluorescence-labeled cells in biofilms with a thickness of several hundred micrometers.
iCBiofilm is expandable from bacterial to fungal biofilms and can be used to analyze biofilm—neutrophil
interactions. We have also developed nonfixing iCBiofilm, which enables live cell imaging of biofilm
development and the actions of antimicrobials. Therefore, iCBiofilm represents an important advance for
examining the dynamics and functions of biofilms. (Tokyo Jikeikai Medical Journal 2023;138:131-8)

Key words : Biofilms, Optical clearing method, iCBiofilm, live cell imaging, fluorescent microscopy
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Fig.1. Schematic illustration of a biofilm. Biofilms are highly
organized microbial communities formed on abiotic or biotic
surfaces. Within a biofilm, microbial cells are embedded in the
extracellular matrix composed of polysaccharides, proteins,
nucleic acids, and others. The biofilm cells can be tolerant to
antimicrobial agents and host defense systems. Biofilm
formation starts from the attachment of planktonic cells to a
surface. During and after biofilm maturation, planctonic cells
can be released from the biofilm.
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Fig.2. Optical clearing and imaging of bacterial biofilms using
the iCBiofilm method. (A) Photographs of methicillin—resistant
Staphylococcus aureus (MRSA) biofilms on a grid pattern—
printed paper as a background were obtained using ImageQuant
for transmission (Cytiva). The biofilms were soaked in
phosphate—buffered saline (PBS) or the iCBiofilm reagent. PBS
was used as the control. (B) Typical side-views of the MRSA
biofilms stained with thioflavin T (ThT). An LSM880 confocal
laser scanning microscope with a 40 X oil immersion objective
lens and an Airyscan super—resolution unit (Carl Zeiss) was used
to acquire z—stacks of the stained biofilms every 0.22 (tm.
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Fig.3. Observation of a fungal biofilm using the iCBiofilm
method. Candida albicans biofilms were stained with Alexa
Fluor 594-conjugated Concanavalin A. After soaking the
biofilms in PBS or the iCBiofilm reagent, the biofilms were
observed using an LSM880 microscope with a 20 X objective
lens. Side views of the biofilms are shown.
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Fig.4. Live—cell imaging of MRSA biofilm formation using the iCBiofilm method. Live—cell clearing imaging for biofilm formation of
MRSA in brain heart infusion medium supplemented with 1% glucose, 30.0% (w/v) iodixanol, and MitoTracker DeepRed in a glass—
bottomed dish. The three-dimensional images of the biofilm were taken every 10 min using Thunder Imaging System (Leica).
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