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Target of alternative antimicrobial approach: bacterial pathogenesis regulated by
cyclic di-GMP signaling system
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Macrolides have been reported to exert a variety of effects on both host
immunomodulation as well as repression of bacterial pathogenicity. In this study, we report that the
3,5 -cyclic diguanylic acid (c-di-GMP) signaling system, which regulates virulence to the host, was
affected by the macrolide azithromycin (AZM). Using DNA microarray analysis, we selected two Pseudomonas
aeruginosa genes related to c-di-GMP metabolism that were significantly affected by AZM treatment. The
expression of these genes was significantly repressed by AZM in a time- and dose-dependent manner,
whereas no difference in pde gene expression was observed in the absence of AZM. In-frame deletion of the
pde gene affected both virulence factors and the quorum-sensing system and significantly decreased total
bacteria in a mouse pneumonia model compared to the wild-type strain. These results suggest that
macrolides affect virulence factor production via the c-di-GMP regulatory system.
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Table 1
Gene Conserved motif Enzyme activity Adithromydin (Lg/mL)
DGC PDEA 0.1 0.5 2.0
pde EAL - + 1.4 -28 -85
dgc GGDEF, (EAL) + - 2.5 8.5 13.2
c-di-GMP



Figure 1A
lasA
aprA

c-di-GMP
lasA  Figure 1B
aprA Figure 1C

c-di-GMP

Figure 1A

2.5 -

Fold change

CAM
AZM EM OLM

Figure 1B

300 -
lasA

0..

-300

Fold change

-600

-900
CAM  JsM il

AZM EM OLM

Figure 1C

200 -
aprA

o

-200 -

Fold change

-400

-600

CAM  JSM Ctl
AZM EM OLM

c-di-GMP

A pde
A pde
EPS
A pde EPS
Figure 2 QS
A pde Qs Lasl
Figure 3
Rhil A pde
A pde
A pde
Figure 4
c-di-GMP pde
Figure 2
2 200 W Vil
E 150 . Apde
; 100
£ 50
0
Figure 3
B 3 | Wild
£ 2 A
5 < W
=
= 1
&S

» =

3h 7h 24h

Figure 4

%D 1.E+08 B vild
& 1.E+07 W Apde
B
=)

5 1.E+06

a
gg 1.E+05 -

Wild Apde
c-di-GMP
A pde
Qs Alasl  Arhll
Figure 5 Alasl  Arhll
c-di-GMP pde

A



pde rhil lasl
rhil
c-di-GMP
QS
Figure 5
pde lasl rhil
02 - 1-
0
0 — " ’
. 2 -
&0 sn ] ;
= =
£ 02 £
o [} _2
= =
£ .04 £ 4
06— 4
0.6 Alasi Arhif Apde

Katz et al: Nat Biotechnol, 24:1529, 2006

Shinkai et al: Pharmacol Ther, 117:393,
2008

Tateda et al: AAC, 45:1930, 2001
Wozniak et al: Chest, 125:62S, 2004

Miller and Bassler: Annu Rev Microbiol,
55:165, 2001

Hengge R: Nat Rev Microbiol, 7: 263,
2009

Kai et al. Plum Phamacor Ther 22:483, 2009

43 2 98-105 2013

2013 6

86

2013

66
2012 11 9
61
2012 10 11
85
2012 3 29
46
2012 2 17

Kimura S, Mori N, Tateda K, Kai T, Ishii Y,
Yamaguchi K.
Azithromycin modulates virulence factors via
3'5'-cyclic  diguanylic acid signaling in
Pseudomonas aeruginosa. International Union of
Microbiological ~ Societies 2011  Congress
(Sapporo Convention Center, Sapporo Hokkaido),
2011.9.7

Kimura S, Nomura N, TATEDA K.
Intercellular and Intracellular signaling in
Pseudomonas aeruginosa. (Symposium)
Eurobiofilm (Copenhagen, Denmark), 2011.7.5

Quorum sensing
cyclic di-GMP
59
2011

6 24

http://www.lab.toho-u.ac.jp/med/micro/

@
KIMURA, Soichiro

60408870



