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Introduction
The emergence of multidrug resistance amongst

nosocomial infection agents is one of the most pressing

worldwide health issues. Stenotrophomonas maltophilia is

a multidrug-resistant opportunistic pathogen capable to form

biofilms on various surfaces [1]. One of the ways to

combat biofilm-associated bacterial infections is the

antimicrobial photodynamic therapy (aPDT). aPDT is

based on the interaction of a photosensitizer (PS), the

light of an appropriate spectral range and oxygen. After

photoexcitation, the PS in triplet state interacts with

molecular oxygen, electron donors or acceptors and

produces reactive oxygen species, thereby triggering

photooxidative reactions that initiate various cellular

damages and destroy the bacterial cells. The efficacy of

aPDT depends significantly on the used PS. Natural

PSs, such as riboflavin (RF) and chlorophyllin (Chl),

are safe and environmentally sustainable [2].
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Aim
The main goal of the present study was to investigate the

inactivation of S. maltophilia by riboflavin-based (RF-

aPDT) and chlorophyllin-based aPDT (Chl-aPDT).

Materials and methods

Conclusions

In summary, RF-aPDT and Chl-aPDT

can be used as a potential

antimicrobial treatment for S.

maltophilia inactivation, both for

planktonic and biofilm cells.
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Two multidrug-resistant, biofilms forming clinical

S. maltophilia isolates SM3 and SM21 were used

for aPDT: SM3 is resistant to broad-spectrum

antibiotics and SM21 forms strong biofilms [3].

The scheme of aPDT experiment with planktonic

cells is shown in Fig. 1.

The LED-based light source for the aPDT was

constructed at the Institute of Photonics and

Nanotechnology of VU. The LEDs were chosen as

optimal for the selected PSs (402 nm and 440 nm for Chl

and RF, respectively). The illumination dose (J/cm2) was

calculated as irradiance (35 mW/cm2) multiplied by the

illumination time (s), (He = I x t) (Table 1).

Fig. 1 The scheme of aPDT experiment on S. maltophilia

planctonic cells.

Illumination time, 

(min)

10 15 20 30 40 60

Illumination dose, 

(J/cm2)

21 31.5 42 63 84 126

Table 1. Illumination dose used in experiments  
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• For biofilm formation, overnight bacteria

cultures were diluted 1000 times and 100 μL

aliquots were transferred to sterile 96-well

microtiter polystyrene plates and incubated at

37 °C for 24 h.

• For aPDT, biofilm wells were filled with 200 µL

of 0.011 mM RF or 0.015 mM Chl solutions.

The control wells contained 200 µL of PBS.

• After 60 min of illumination biofilms were

mechanically detached from the wells. aPDT

efficiency against bacterial biofilms was

evaluated by determining CFU on LB plates [2].

Fig. 2. Inactivation of planktonic cells of S. maltophilia SM3 and SM21 isolates by RF-aPDT

(A) and Chl-aPDT (B) as a function of illumination doses: 440 nm and 402 nm – without RF

and Chl; 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.

Inactivation of  planktonic S. 
maltophilia cells

o SM3 isolate was more sensitive to

RF-aPDT when the illumination

doses were 21 J/cm2 - 42 J/cm2

compared to SM21 isolate.

o The increase of illumination dose

led to similar sensitivity, where the

viability was diminished by 5.3

log10 (SM3) and 5.1 log10 (SM21)

(Fig. 2A).

o The SM3 isolate was more

susceptible to Chl-aPDT (reduction

by 5.9 log10) than SM21 (reduction

by 5.2 log10) (Fig. 2B).

o 402 nm LED light (63 J/cm2)

reduced survival of both isolates

100 times, whereas 440 nm light

had no impact (Fig. 2).

Inactivation of S. maltophilia 
cells in biofilms

o CFU number of SM3 isolate

decreased by 3.8 log10 and 3.7

log10 after Chl-aPDT and RF-

aPDT, respectively (Fig. 3A).

o RF-aPDT reduced survival of

SM21 cells 20 times, while Chl-

aPDT – 100 times (Fig. 3B).

o SM3 isolate was 5 times more

sensitive to 402 nm LED light,

compared to that at 440 nm (Fig.

3A)

o Effect of illumination on SM21

isolate using 402 nm and 440 nm

light was not significant. (Fig.

3B).

Fig. 3. Photodynamic inactivation of biofilms of S. maltophilia SM3 (A) and SM21 (B) isolates

(illumination dose – 126 J/cm2). Dark: Control, RF and Chl – bacteria in PBS bacteria with

0.011 mM RF or with 0.015 mM Chl, non-illuminated; Light: 440 nm and 402 nm – bacteria

illuminated without RF and Chl; aPDT: RF-aPDT and Chl-aPDT - bacteria illuminated with

0.011 mM RF or with 0.015 mM Chl. CFU values present the average of 3 experiments, error

bars indicate standard deviation.
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