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Staphylococcus aureusStaphylococcus aureus

S. aureus

• a major pathogen in human infectious diseases

• emergence of multi-antibiotic-resistant strains

• capacity to synthesise extracellular and cell-wall associated 
proteins (virulence factors)

• coordinated expression of virulence factors is under the 
control of global regulatory systems (i.e. quorum sensing 
mediated)

• agr locus is the best characterised system



agragr--mediated virulence in mediated virulence in S. aureusS. aureus
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agragr locus in locus in S. aureusS. aureus
-- a twoa two--component signal transduction systemcomponent signal transduction system
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AIP1 in AIP1 in S. aureusS. aureus

• 16-membered macrocyclic structure (thiolactone)
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Staphylococcal AIPsStaphylococcal AIPs

S. aureus Group-2
S. aureus Group-3
S. aureus Group-4
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CrossCross--inhibition: Inhibition of exotoxins inhibition: Inhibition of exotoxins 
production in a production in a S. aureus S. aureus GroupGroup--1 by AIP31 by AIP3
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McDowell et al (2001) Mol. Microbiol. 41: 503-512



Inhibitors of twoInhibitors of two--component signal component signal 
transduction system: AgrC antagoniststransduction system: AgrC antagonists

Mayville et al (1999) Proc. Natl. Acad. Sci. 96: 1218-1223

Attenuation of staphylococcal skin abscess (induced by s.c. 108 c.f.u. of S. aureus group-1) 
in 6-8 weeks old hairless mice using co-administered AIP2 at ca. 10 nM g-1

Typical lesion sizes at day 5 (b) without treatment and (d) with AIP2 treatment.



StructureStructure--activity studies of AIP1 using activity studies of AIP1 using 
S. aureusS. aureus GroupGroup--11
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Synthesized peptides and their activity on Synthesized peptides and their activity on 
the the S. aureusS. aureus GGrouproup--1 1 agragr system (AgrCsystem (AgrC--1)1)
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Summary of structureSummary of structure--activity relationship activity relationship 
(SAR)(SAR)
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• 16-membered macrocyclic structure essential for binding to AgrC-1
• Competitive inhibitors based on the cyclic structure



The AgrC kinase sensorThe AgrC kinase sensor
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(http://www.cbs.dtu.dk/services/TMHMM-2.0/)

MEL
L

NS

D

F

I
K

L

N

SV
Y

F

K
L

Y

A
D

E IK
L

N

Q

R

S

T

W
Y

E

I

K

L
M

P

R

T

Y

E

IK

N

T

V

Y

LT
V

I
QM

F
LM

P
TI

I
AI

SG

F

I

L S

Y

F
I

L
S T

I

II

S

M
I

LI
T

S
IL

D
AS

K
FM

F
FL

F

F

E
I

K
S

T

V

Y

E I
K

S

VK

Y

6

29
48

7277

L I

M

S
L

Q
S

L
II

A
YC

M
NY

V
YI

IY100

I

S

109

I

F S

S

Y
L

V
I

V
YV

S
FF

I
PF

I
VF

I

I

T

133143

L I

G

L
N

LI
F

S
VI

L
TI

T
LL

L
FS

FF166

K

S

F
Y

Q

I

S

I

DA
V

I

EK

Q
Y

R

185

N

S

F

F

L

Y
Q

L
L

T

L
I

S

H
IY

Y

Y
W

L

S

204

K

K

YY
YK

S423

I
E

A I
N

N
E

M
RK

R F
D H237

Extracellular loop 2

A
D

S

T
I

IK

Y
S

AgrC-1

T
D

S

V
I

I K

Y
V

AgrC-4

AIP1 AIP4

H-Tyr-Ser-Thr-Cys-Asp-Phe-Ile-Met H-Tyr-Ser-Thr-Cys-Tyr-Phe-Ile-Met

http://www.cbs.dtu.dk/services/TMHMM-2.0/


AIP is recognised by AgrCAIP is recognised by AgrC--1/4 1/4 
extracellular loop 2extracellular loop 2
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The AgrC kinase sensor: contribution of The AgrC kinase sensor: contribution of 
extracellular loop 2 to AIP recognitionextracellular loop 2 to AIP recognition
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The AgrC kinase sensor: activity of The AgrC kinase sensor: activity of 
(Ala(Ala55)AIP)AIP--1 against mutant AgrC1 against mutant AgrC
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Conclusions IConclusions I

• The staphylococcal quorum sensing agr system offers unique 
targets for the development of novel anti-infective agents

• SAR studies using AIP1 has yielded potent AgrC antagonists

• The extracellular loop 2 is one of the domains involved in 
recognition of AIPs. 

• A new vocabulary for staphylococcal communication was discovered



The protease responsive nanoprobe based The protease responsive nanoprobe based 
on peptidyl coumarin substrateon peptidyl coumarin substrate



Synthesis of bifunctional 3Synthesis of bifunctional 3--arylcoumarins arylcoumarins 
and their fluorogenic propertiesand their fluorogenic properties
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Proteolysis of subtilisin responsive Proteolysis of subtilisin responsive 
nanoprobesnanoprobes
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Conclusions IIConclusions II

• A robust green fluorescent bifunctional 3-furylcoumarin dye was 
developed

• Protease response nanosensors were obtained by the conjugation 
of peptidyl 7-amino-4-carboxymethyl-3-furylcoumarin to 
poly(acrylamide)-based nanoparticles
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