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Abstract (edited)

Background

Permeation of small molecules through P. aeruginosa outer membrane is
an important issue, still poorly understood. Its importance stems from the
fact that the low permeability of P. aeruginosa is one of the causes of its

intrinsic resistance to different antibiotics such as B-lactams. For example, A_m"ic“!i" 2000 pL000] EL000 2000 1000 2000 2000 1000 1000 {1000 1000 200 L2 ] ¢ * ARCS998.
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Strains: P. aeruginosa PAO1 and different P. aeruginosa PAOL deletion mipenem (1-4) oprD
mutants studied are reported in Tab. 1; the strains TNP004, TNPO65, U EECE (0252 05 2 035 03 2 03 2 3 o 03] & 3 O il 1004 P!
TNPO67 and YY200 produce low amount of OprD porin. Ertapenem (2-8) 8 32 8 8 16 8 16 16 32 8 32 32 2 2 3 PAOI
MIC_determination: MICs were determined by broth microdilution Doripenem (0.12-0.5) 025 1 025 025 1 025 1 05 1 025 1 1 05 012 04 B ARC5170
following CLSI recommendations; results are reported in Tab. 1. Biapenem (0.5-2) 05 4 05 05 4 05 4 4 4 05 4 4 0.25 0.25 g
Growth curves: the growth rates of P. aeruginosa PAO1 and different Table 1 g 604
porin(s) mutants were determined by following the absorbance at 600 nm E.
for 12 hours of cultures grown in LB medium. e, R Incubation time (min) g
Permeability determination: BIaR-CTD, the C-terminal domain of a highly - \ ° s 10 15 20 25 30 o o o 2 404
sensitive penicillin binding protein (Tab. 2) from Bacillus licheniformis, was _;\,\/ - a a =
expressed in the periplasmic space of P. aeruginosa thanks to the s, Qg\‘:"_“::"_""" & 20
pKT240blaR plasmid Fig.1 [1]. We performed a direct measure of the B- PKT240012R
lactam accumulation in the periplasmic space of the bacteria by o puner Fie3 | | Soam| k2
fluorescence analysis (Fig. 2, Fig. 3 and Fig. 4). == : 53R CTD with Bocilin: 0 T T T T
The permeability coefficients of the external membrane to different U W ARC5782 (PAO1 AoprD, unnap)w..smmmdmwm.mmmn Meropenem mm!',gmﬂmﬂ; © o © 0
antibiotics were measured for P. aeruginosa PAOl and for different fed fig1 W 1mLof cul Q- N\ o
mutant strains, lacking in one or multiple porins (Tab. 3). F-u-;v-T;::u:bzR e i . ooy : P R Fig.6A Dsoo
: the porins OprD and OpdP mRNA were quantified at 4 different e 50 .
moments of growth to determine any change as a function of growth 5o s
phase; the relative expression of these 2 genes was determined on the i 15 op
basis of 3 independent reference genes (PA3340, gyrA and cysG). g . = PAOI
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Results Ampicillin . 5
Growth curves show a similar progress between P. aeruginosa PAO1 and Cephaloridin 59402 o : T e ™ ?, 5 i
its porin mutants, thus confirming the ability of the bacteria to adapt its . e ] -
growth at porin loss (Fig. 5). Imipenem 0.77+0.23 /it and 510
&
The permeability coefficients obtained in this study are reported in Tab. 3. Meropenem 0.83+0.16 d(nEst)/dt 2
We noticed a 150-fold reduction of imipenem permeability in strains were P = —— 2
. . Ertapenem 113£0.15 A1l 0.5
OprD was deleted. These results are in good agreement with MICs values Figure 2 Schematic representation of the periplasm of P. aeruginasa; BISR-CTD s produced in the
that increase from 1 to 8 pg/mL when OprD is poorly or not expressed. Table 2Table 2 reports the koK values for diferent 5 where, Exf* is the periplasmic concentration of BlaR-CTD acylated
We also pointed out that the absence of OprD did not affect the " " with the B-lactam, P is the permeability coefficient, A is the outer 0.0 |
permeability coefficient of P. aeruginosa PAO1 for meropenem and membrane area and it is assumed to be 132 cm2- mg (dry weight)* T T
biapenem, differently from the MICs that rise from 0,5 to 4 pg/mL for both and [l is the external concentration of antibiotic QS \'.\'
antibiotics. However, for these antibiotics, in ARC5782 (P. aeruginosa ) Fig. 68 ODsoo
PAO1 AoprD, AopdP) the P values decreased to 6.5 - 102 and 0.16 nm/s Tab.3 - .. e o Rt xoreson of - a5 oo S .
respectively. We could not appreciate differences in permeability Permeablllty coefficients (nm/sec) B e O O O e e P ) ) e (L O,

coefficients for the strains lacking the major efflux pumps systems,
probably due to a slow recognition between the antibiotic and the efflux
pumps.
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gRT-PCR allowed us to observe that, in absence of OprD, P. aeruginosa
ARC5990 increases the expression of the related porin OpdP (Fig. 6B).

We also showed a different ratio between OprD and OpdP as a function of Ampicillin 0.008 £0.004 0,008 +0.003 0.0240.006 0.01+0.002 0.01+0.002 0.0240.005 0.03+0.007 Conclusions
growth phase in P. aeruginosa PAO1 (Fig. 6A and 6B). Thus, in accordance Cephaloridin 0.03+0.01 0.02 +0.004 - 0.03 £0.009 0.03 £0.008 0.04+0.01 0.06 £0.02 . . . N
with the experimental results obtained by permeability coefficient Imipenem [ | 2049 0.13£0.06 014:008 | 1546 0.1340.05 0.1240.07 1849 i vyork ellres) USHo EELy € pe"."ea,b”"v o th? Outer mer.nbrane i
determination. = — = - = = - aeruginosa and contributes to the modelisation of the intrinsic resistance of P.
Meropenem L_oosz001 | 003001 0.03+0.006 01004 0. 05 0074002 aeruginosa to -lactams.
Ertapenem 0.06+0.02 0.0340.01 0.04£0.01 0.02+0.008 0.03+0.003 0.0240.008 0.03+001 Interactions of OpdP and meropenem were already described but we identified the
Doripenem 056038 0204005 0.08+0.03 011002 0.14:009 0.1140.05 0134003 involvement of OpdP in biapenem uptake.
Biapenem 34420 4222 7.2£35 1 0.16+0.09 0.12+0.04 | 40+14 We pointed out the synergic role of OprD and OpdP for carbapenems uptake; we
in duplicate. also demonstrated a compensative expression of OpdP when OprD is deleted.
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