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Polymicrobial Biofilm Infections

Cystic Fibrosis related-infections

Staphylococcus aureus
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To investigate the community dynamics of Pseudomonas aeruginosa and Staphylococcus
aureus, two common co-infecting pathogens in cystic fibrosis infections, growing as dual-

species biofilms.

» Biofilm structure
» Microbial composition

» Gene expression profile
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Biofilm quantification by plate counts: single- and dual-species
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niversidade do Minho



! Z\
N7
<

niversidade do Minho

uminho BigfilM e,

Results

GROUP ENGINEERING

Biofilm quantification by plate counts: single- and dual-species
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Biofilm quantification by plate counts: single- and dual-species

Log,o, CFU/cm?
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representing the initial
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Biofilm structure: SEM analysis
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Effect of secreted compounds produced by P. aeruginosa
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Effect of secreted compounds produced by P. aeruginosa
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Biofilm bulk fluid quantification
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Biofilm bulk fluid quantification
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Quantitative assessment of individual populations within dual-species biofilms
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Quantitative assessment of individual populations within dual-species biofilms
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Quantitative assessment of individual populations within dual-species biofilms
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Quantitative assessment of individual populations within dual-species biofilms
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Quantitative assessment of individual populations within dual-species biofilms

(A) (B)
12 12 12 12
10+ =10 10+ =10
5 5
] s & i . &
7 8 8 & T8 8 £
2 ) 2 )
S 6 6 & S 61 6 &
° Q ° Q
=) =X =) =X
3 4 s Z S 4 7
a3 4 4 ) S 4 -4 z
r r
24 ‘ ‘ ‘ -2 2+ ‘ ‘ ‘ -2
0- -0 0- -0
sruh  Bragh 5 BF24h BFdgh _ B¥ BF24h BFagh _ B BF24h BFagh _ BF
ispersal Dispersal Dispersal Dispersal
(©) (D)
12 12 12 12
10+ 10 104 =10
g [y
2 8 s & 2 8 s S
£ 2, £ 2,
2 Q 2 )
S 6 6 & S 6 6 &
e Q = [+]
=) e =] [-X
S 4 l, & S 4 z
3 4 4 3 a3 4 =4 §
r r
il £2 §2 & i “ 1 1 i
o Lo 0 Lo
BF BF BF BF
BF2eh BRash  oF  BFaeh BRash o BF4n BFash o OF  BFah BRash [ 87
(A) P. aeruginosa 362668 mucoid and S. aureus ATCC 25923 (B) P. geruginosa 362668 mucoid and S. aureus 352845

(C) P. aeruginosa 362668 non-mucoid and S. aureus ATCC 25923 (D) P. aeruginosa PA14 and S. aureus 352845. 27



uminho BidfilM e, Results

GROUP

Quantitative assessment of individual populations within dual-species biofilms

Presence of S. aureus of

cells in high abundance

detected by flow

cytometry

(A) P. aeruginosa 362668 mucoid and S. aureus ATCC 25923 (B) P. geruginosa 362668 mucoid and S. aureus 352845
(C) P. aeruginosa 362668 non-mucoid and S. aureus ATCC 25923 (D) P. aeruginosa PA14 and S. aureus 352845. -8
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Virulence expression in dual-species biofilms

P. aeruginosa virulence-related genes:

Gene Function

pgsE HQNO

rhiR Virulence Regulator
(Quorum sensing)

pvdE Pyoverdine

toxA Exotoxin A

lasl Virulence Regulator
(Quorum sensing)

algD Alginate

29
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Virulence expression in dual-species biofilms

P. aeruginosa virulence-related genes:
Gene Function
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Virulence expression in dual-species biofilms

P. aeruginosa virulence-related genes: c —
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Virulence expression in dual-species biofilms

P. aeruginosa virulence-related genes: -
Gene Function
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= 2h rhiR Virulence Regulator
g w :' (Quorum sensing)
2 .._S mm= 48h pvdE Pyoverdine
g o 2=
Q O
s g 1+ toxA Exotoxin A
-2
> & lasl Virulence Regulator
- (Quorum sensing)
§2 6
£ % T ;
g P 3 algD Alginate
e 2
> 8
g2 5
-6

pgsE rhiR pvdE  toxA lasl algD

32



uminho BigfilM e, Results

GROUP ENGINEERING

Virulence expression in dual-species biofilms

S. aureus virulence-related genes:

Gene Function
sodA Stress Response
sarA Virulence Regulator
(Quorum sensing)
agrB Virulence Regulator
(Quorum sensing)
hid Virulence Regulator
(Quorum sensing)
icaA Biofilm formation
(PNAG production)
hla Alfa-hemolysin
UspA Stress Response
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Virulence expression in dual-species biofilms

S. aureus virulence-related genes:

Log, Fold-change gene expression relative

to single-species biofilms
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Gene Function
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sarA Virulence Regulator
(Quorum sensing)
agrB Virulence Regulator
(Quorum sensing)
hid Virulence Regulator
(Quorum sensing)
icaA Biofilm formation
(PNAG production)
hla Alfa-hemolysin
UspA Stress Response
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Virulence expression in dual-species biofilms

S. aureus virulence-related genes:

Log, Fold-change gene expression relative

to single-species biofilms
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Gene Function
sodA Stress Response
sarA Virulence Regulator
(Quorum sensing)
agrB Virulence Regulator
(Quorum sensing)
hid Virulence Regulator
(Quorum sensing)
icaA Biofilm formation
(PNAG production)
hla Alfa-hemolysin
UspA Stress Response
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Virulence expression in dual-species biofilms

S. aureus virulence-related genes: Cene Function

sodA Stress Response
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P. aeruginosa cells

’ S. aureus cells

S. aureus VBNC cells
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ab
. S. aureus cells

P. aeruginosa cells

o S. aureus VBNC cells

v' Time-dependent interaction between P. aeruginosa-S. aureus in dual-species biofilms.
v' The dual-species consortia dominated by P. aeruginosa

v' The presence of S. aureus in high numbers in dual-species biofilms with P. geruginosa in a

VBNC state.
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P. aeruginosa cells

’ S. aureus cells

S. aureus VBNC cells
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@ P.geruginosa cells

’ S. aureus cells
< S. aureus VBNC cells
48 h
. ( N
Up-regulation .
Virulence-related genes t P. aeruginosa t S. aureus
- J
Down-regulation S p .
Virulence-related genes - aureus - aeruginosa

Overall, our results underline the importance of select appropriate methodologies to elucidate the

microbial interactions occurring within the dual-species biofilm consortia.
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