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Biof i lms are everywhere!

2

Biofilm on rock

Had you ever slipped on a rock?

Biofilm on pipe

cleaned a clogged drain pipe or toilet?

Biofilm in toilet



What is Biofilm?

a structured community of m icro o rgan ism s

Mushroom-like conceptual model
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extracellular matrix

a living or nonliving surface. 



How do bact erial  biof i lms develop?
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(By Dr. Ghigo Jean-Marc)

pili

van der Waals forces

extracellular 
polymeric

substance

(EPS)

quorum sensing



St aphylococcal biof i lms
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Staphylococcus aureus biofilm

- Gram (+) bacteria

Staphylococcus epidermidis biofilm

- Gram (+) bacteria
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Catheter
Infection

Artificial hip implant 

peridontal disease

Common Sites of Staphyloccocal Biofilm Infections 

Mechanical heart valves 

Wound infection 



Methicilin (1960)

Staphylococcus aureus 
─ invade the wound after surgical procedure 
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Penicillin (1940s) 

Vancomycin

S. aureus Penicillin-resistant

S. aureus2 years 

Methicillin-resistant 

S. aureus (MRSA)

Vancomycin-intermediate 

S. aureus (VISA)
Vancomycin-resistant 

S. aureus (VRSA)

1 year 

The discovery of new antibiotics might not catch up with the 
appearance of antibiotics resistance.

？
？



Ext racel lular pulymeric subst ance 

(EPS) prot ect  f rom phagocyt osis
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Biofilm

Antibiotics 

resistance Antibiotics 

resistance

Extracellular

matrix 

protection

resistant to phagocytosis
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Biofilm resistance mechanisms



St rat egies of  Biof i lm Cont rol- 

1.  Prevent ion is bet t er t han cure 

2.  Removing or Kil l ing

Traditional ways

Stop growth - by antimicrobial agents

Block attachment - by changing surface material

Promote detachment - by surfactants

Mechanical removal - by ultrasonic device 

Kill - by biocide, chemical agents 
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But some ways cannot be carried out in hospitalized patients…

Toxicity ?



Besides t radit ional ways…

• Is there any alte rn ative  w ay to 

inhibit the bacteria growth in biofilms?
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There is one way…



Photodynamic Therapy (PDT)
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Light

Photosensitizer

(excited state)

Photosensitizer

(ground state)

Cellular 

toxicity
Fluore

scenceExcitat
ion

Three factors of PDT:  Light , PS , Oxygen 

3O2

1O2 

singlet oxygen

e-

ROS
( OH． H2 O2      O2

- )

Type I

Type II



The difference of PDT effect between 

planktonic cells and biofilms
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S. aureus planktonic cells S. aureus biofilms
no MC 5405 μ

 

g/ml MC 540  
10 μ

 

g/ml MC 540  15 μ
 

g/ml MC 540  20 μ
 

g/ml MC 540  

no MC 5405 μ
 

g/ml   10 μg/ml  15 μ
 

g/ml 
20 μ

 

g/ml  

(Lin, H. Y. et al. 2004)

Photosensitizer: Merocyanine 540 (MC540)

All-killed

light dose

All-killed

light dose



Extracellur matrix in biofilms
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How to solve this problem?
extracellular polymeric substance (EPS)

Hindrance of the penetration of light and 

polysaccharide intercellular adhesion (PIA)   

drugs

the uptake of photosensitizer



Increase t he permeabil it y 

Me tal che lato rs

EDTA and tetrasodium EDTA (TEDTA)
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carboxylate group

amine groupTEDTA

EDTA( salt form of EDTA, better solubility )



How Met al Chelat ors dispersing t he 

st ruct ure of  a biof i lm?

• The sequestration of divalent cations, such as 

Ca2+ and Mg2+, are important for maintaing the 

integrity of EPS in the biofilm.
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Mg2+

Mg2+

Mg2+

Ca2+
Ca2+

Ca2+

Ca2+

TEDTA

http://en.wikipedia.org/wiki/Image:Medta.png


The purpose of this study

1. To examine the photodynamic effects of TBO on 

the viability and s tructure  of staphylococcal 

biofilms.

2. To investigate the effect of TEDTA pretreatment  

on the efficacy of the photodynamic inactivation of 

staphylococcal biofilms.
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The framework of this study
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Biofilm 

formation

No TEDTA 

pretreatment

TEDTA 

pretreatment

Survival Fraction

Confocal Laser Scanning 

Microscopy (CLSM)

Scanning electron 

Microscopy (SEM)

S. aureus LP
S. epidermidis 1457

Photodynamic therapy with 40  μM TBO  

Effect of TBO with light dose Effect of TEDTA treatment

CFU counting

Viability Morphology



Mat erials and Met hods
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Photosensitizer (TBO)

Incubation time: 30 min

Stapylococcal biofilms
S. aureus

 

LP/ S. epidermidis 1457+TEDTA
( 1 hour )

Tissue

O2

CFU count (TSA)
Survival Fraction

CLSM images

SEM images

640 nm 
diode laser 

ROS

http://en.wikipedia.org/wiki/Image:Staphylococcus_aureus_biofilm_01.jpg
http://tw.wrs.yahoo.com/_ylt=A3eg8qsXUC1Jd0wBRSBt1gt./SIG=1irp8a5je/EXP=1227792791/**http%3A//tw.info.search.yahoo.com/search/images/view%3Fback=http%253A%252F%252Ftw.info.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dplate%252Bcount%2526ei%253DUTF-8%2526fr%253Dyfp%2526x%253Dwrt%26w=371%26h=367%26imgurl=biology.clc.uc.edu%252FFankhauser%252FLabs%252FMicrobiology%252FYeast_Plate_Count%252F06_yeast_0.1mL_plate_P7201183.jpg%26rurl=http%253A%252F%252Fbiology.clc.uc.edu%252FFankhauser%252FLabs%252FMicrobiology%252FYeast_Plate_Count%26size=9.1kB%26name=06_yeast_0.1mL_plate_P7201183.jpg%26p=plate%2Bcount%26type=jpeg%26no=18%26tt=972%26oid=b7b71a1c0c4019f6%26ei=UTF-8


Result s
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S-L-

S+L-

S+L+

TEDTA+S-L-

TEDTA+S+L
-

TEDTA+S+L+

S:sensitizer (TBO:40 μM)
L: light dose (100 J/cm2)

TEDTA: 20 mM

TEDTA 

pretreatmentNo TEDTA 

pretreatment

Survival fraction  CFU of (S+ L+)

CFU of (S+ L-)

CFU of (TEDTA+S+L+)

CFU of (TEDTA+S-L-)
or

TBO itself do no harm to staphylococcal biofilms



Confocal laser scanning microscopy     

(CLSM) 
• Use Live/Dead BacLight Bacterial Viability Kits

-Two fluorescent nucleic acid stains:

SYTO9 : green(live)

Propidium iodide(PI): red(dead)
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CLSM image

Cross section

Cross 

section
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Experiment 

conditions

CLSM

images

SEM 

images

CLSM

images

SEM 

images

TEDTA(-)

TBO(40 μM)
100 J/cm2

TEDTA(-)

TBO(40 μM)
200 J/cm2

TEDTA(+)

Dark

TEDTA(+)

TBO(40 μM)
100 J/cm2 

TEDTA(-)

Dark

S. epidermidis

S. aureus

green(live)

red(dead)



23Staphylococcal 

biofilms

Photodynamic inactivation 

No TEDTA 

pretreatment

TEDTA 

pretreatment

Ca2+Ca2+

Ca2+

Ca2+
Ca2+

Mg2+

Mg2+
Mg2+

Mg2+

Mg2+

Photodynamic therapy 

Antibiotics treatment Immune systemResistant to

Phagocytosis

Antibiotics 

resistance 

Mg2+

Mg2+

Mg2+

Ca2+
Ca2+

Ca2+

Ca2+

Hindrance of penetration  

Pretreatment of Metal 

chelater

Enhance the efficacy of PDT   

?

Photodynamic inactivation 

The main cause of cell death Disperse biofilm structure 

Effect of TBO with light dose Effect of TEDTA treatment



The End

Thanks for your attention!!

Special thanks to Prof. Huang !

24



Cell-cel l  communicat ion
• Cells in a biofilm “talk” to each other via 

quorum sensing.





Met al Chelat or-Tet rasodium EDTA

• TEDTA is a novel central venous catheter lock 

solution against biofilm.

2
7

(Infection Control and Hospital Epidemiology Vol.26 N0.6) 
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Photodynamic therapy (PDT)Photodynamic therapy (PDT)

http://chemgroups.ucdavis.edu/~smith/PDT_Research/PDT.html

3P

S0

S1*

T1*

1O2

3O2

intersystem 
crossing

singlet oxygen

triplet state

Photosensitizer (ground state)

Photosensitizer (excited state)



Phot osensit izers used in PDT 
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MC 540

Lipophilic , 

anionic 

Amphiphilic , 

cationic 

Hydrophobic– helps penetration in 
cellular membrane

Hydrophilic   – helps diffusion.



Wavelength Absorption of 

Photosensitizer

• Best if absorb at longer wavelengths

• Longer wavelength emissions can penetrate 

tissue farther.

• Decreases probability of damage to surrounding 

tissue.

• Must have enough energy to excite O2
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Light  source of  PDT

• LED (Light-emitting diode):

-coherent

-long useful lifetime

-high photoelectric conversion efficiency

• Laser

-noncoherent

-specific wavelength high intensity

-low divergent effect
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Biofilm-associated infections



PDT has bet t er ef fect  on Gram(+) 

bact eria due t o t he cel l  wal l  st ruct ure

Thick peptidoglycan cell wall integrated by several

lipoteichoic acid forms many holes 

Photosensitizers can pass through Gram positive 

bacterial cell wall easier. 
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barrier



S. aureus v.s.  S. epidermidis

Staphy lococcus aureus Staphy lococcal epiderm idis

Culture medium TSB (Tryptic soy broth) TSB (Tryptic soy broth)

Gram-staining Gram(+) Gram(+)

Biochemical

characteristics

catalase-positive

coagulase-positive 

catalase-positive

coagulase-negative 

habitat facultative anaerobe facultative anaerobe 

color golden-yellow white

http://tw.wrs.yahoo.com/_ylt=A3eg8qezaNBIVgABjYxt1gt./SIG=1hqur3ibg/EXP=1221704243/**http:/tw.info.search.yahoo.com/search/images/view?back=http%3A%2F%2Ftw.info.search.yahoo.com%2Fsearch%2Fimages%3Fei%3DUTF-8%26p%3DStaphylococcus%2520aureus%26rd%3Dr1%26fr2%3Dtab-web%26fr%3Dyfp&w=500&h=394&imgurl=www.cassiopeaonline.it%2Fimmagini%2Fstaphylococcus_bacterium.jpg&rurl=http%3A%2F%2Fwww.cassiopeaonline.it%2Fimmagini%2Fstaph_bacterium.html&size=34.9kB&name=staphylococcus_bacterium.jpg&p=Staphylococcus+aureus&type=jpeg&no=1&tt=8,336&oid=19c49aa42f07972c&ei=UTF-8
http://upload.wikimedia.org/wikipedia/commons/e/e0/Staphylococcus_epidermidis_01.png
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