
INACTIVATION OF ACINETOBACTER BAUMANNII 
BIOFILMS BY ANTIMICROBIAL PHOTODYNAMIC THERAPY

INTRODUCTION
Acinetobacter baumannii is known as a

multidrug-resistant opportunistic Gram-

negative nosocomial pathogen dangerous for

patients with critical illness [1]. One of the

most important traits responsible for A.

baumannii survival in clinical settings is the

ability of the pathogen to form biofilms, which

are 10 – 1000 times more resistant to

antibiotic treatment than the planktonic cells

[2]. A promising approach to fight multidrug-

resistant planktonic and biofilm bacteria is

the antimicrobial photodynamic therapy

(aPDT). aPDT is a biophotonic technology

based on the interactions of a non-toxic

photosensitizer (PS), molecular oxygen and

light [3]. After photoexcitation, PS interacts

with molecular oxygen and generates reactive

oxygen species that initiate cellular damage,

thus destroying the bacterial cells.

AIM
In this study we aim to investigate whether

natural PS riboflavin- and chlorophyllin-based

aPDT can efficiently inactivate antibiotic-

resistant Acinetobacter baumannii bacteria

and their biofilms.
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METHODS

CONCLUSION
In summary, RF-aPDT and Chl-aPDT can be used as a potential antimicrobial treatment for A.

baumannii inactivation, both for planktonic and biofilm cells. Biofilm cells were more susceptible

to near-UV light, indicating that Chl-aPDT with 402 nm LED light illumination is more suitable to

inactivate A. baumannii biofilms.
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RESULTS

Fig. 3 Inactivation of A. baumannii planktonic (A) and biofilm (B) cells by aPDT as a function of illumination doses (irradiance 35 

mW/cm2). 440 nm and 402 nm – bacteria in 0.01 M PBS without PS; RF-aPDT – bacteria with 0.011 mM RF; Chl-aPDT – bacteria 

with 0.015 mM Chl. Every point is the average of 3-6 experiments, error bars indicate standard deviation. * indicates statistical 

significance compared to control culture, p < 0.05.

REFERENCES
[1] Howard A. et. al. Acinetobacter baumannii: an emerging opportunistic pathogen. Virulence. 2012 May

1;3(3):243-50.

[2] Sharma D. et. al. Antibiotics versus biofilm: an emerging battleground in microbial communities. Antimicrob

Resist Infect Control. 2019 .

[3] Buchovec, I. et. al. Antimicrobial Photoinactivation Approach Based on Natural Agents for Control of Bacteria

Biofilms in Spacecraft. Int. J. Mol. Sci. 2020, 21, 6932.

[4] Buchovec, I. et. al. Inactivation of Opportunistic Pathogens Acinetobacter baumannii and Stenotrophomonas

maltophilia by Antimicrobial Photodynamic Therapy. Microorganisms 2022, 10, 506.

Fig. 1 Inactivation of A. baumannii biofilm cells. a – preparation of samples; b – inactivation of A. baumannii biofilm cells by 

aPDT. 

Fig. 4 A. baumannii biofilms formation after the aPDT treatment 

(illumination dose 63 J/cm2, irradiance 35 mW/cm2). Every column is 

the average of 3 experiments, error bars indicate standard deviation.

Biofilm formation assay after 

aPDT

• 0.5 % crystal violet dye was 

used to evaluate biofilm 

formation after planktonic cells 

treatment by measuring OD of 

the dye at 580 nm (Fig. 2).

• The OD580/600 ratio was 

estimated to normalize the 

amount of formed biofilm to 

the total cell content.

Inactivation by aPDT

• The LED-based light source for

the planktonic and biofilm cells

inactivation experiments (Fig. 1),

was constructed at the Institute of

Photonics and Nanotechnology

(VU) [4].

• Two types of LEDs (402 nm and

440 nm) with emission peaks near

the maximum absorption of RF

and Chl were used.

• The illumination dose (J/cm2) was

calculated as irradiance (mW/cm2)

multiplied by irradiation time (s.).

The illumination doses used in

experiments are shown in Table 1.

Photosensitizers
• Natural PSs chlorophyllin (Chl)

and riboflavin (RF) are known as

light-sensitive, water-soluble food

colorants with absorption peaks in

visible light spectral range (405 nm

and 444 nm) [4].

Biofilm formation after aPDT

After planktonic cells inactivation

by RF-aPDT and Chl-aPDT

(illumination dose 63 J/cm2), A.

baumannii biofilms formation

ability decreased from 2.5 ± 0.2 to

0.45 ± 0.1 and 0.9 ± 0.1,

respectively (Fig. 4). Light itself

(440 nm and 402 nm) induced

smaller changes in biofilm

formation, OD580/600 value

decreased from 2.5 ± 0.2 to 1.7 ±

0.2 and 1.4 ± 0.1, respectively

(Fig. 4).

Fig. 2 A. baumannii biofilm formation assay after aPDT.

Table 1 Illumination doses used in experiments (irradiance 35 mW/cm2).

Irradiation 

time (min) 
10 15 20 25 30 60 90 120

Illumination 

dose (J/cm2) 
21 31.5 42 52.5 63 126 189 252

Inactivation by aPDT

• A. baumannii planktonic cells were more sensitive to riboflavin-based aPDT (RF-aPDT)

when the illumination dose varied from 20 J/cm2 to 50 J/cm2 compared to chlorophyllin-

based aPDT (Chl-aPDT) (Fig. 3A).

• The increase of illumination dose to 63 J/cm2 led to similar sensitivity, where the viability 

of  bacteria after RF-aPDT and Chl-aPDT were diminished by 4.8 log10 and 4.2 log10, 

respectively (Fig. 3A).

• The biofilm cells were more efficiently inactivated by Chl-aPDT (reduction by 5.5 log10) 

than RF-aPDT (inactivation by 2.35 log10) when the illumination dose was 252 J/cm2

(Fig. 3B).

• 402 nm LED light without PS (252 J/cm2) dramatically reduced viability of biofilm cells,

A. baumannii CFU number decreased by 5.6 log10 (Fig. 3B).


