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Study on the resistance mechanism via outer membrane
protein OprD2 and metal f3-lactamase expression
in the cell wall of Pseudomonas aeruginosa
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Abstract. The aim of the present study was to evaluate the
imipenem-resistant mechanism via the outer membrane
protein (OMP) OprD2 and metal 3-lactamase expression in
the cell wall of Pseudomonas aeruginosa. The Pseudomonas
aeruginosa was clinically separated and validated by
VITEK-2 full-automatic bacteria analyzer. Drug resistance,
sensitive antibiotics and minimum inhibitory concentration
(MIC) were tested using the drug sensitivity analysis system.
The phenotype positive strains of MBL genes were screened
using the Kirby-Bauer diffusion method by adding metal
ion-chelating agent EDTA on the imipenem susceptibility
paper. IMP-1, VIM-1 and SPM metaloenzyme genes were
tested by polymerase chain reaction (PCR)-telomeric repeat
amplification protocol (TRAP). The OMP OprD2 genes were
tested by PCR-TRAP, and the protein expression was tested
using western blot analysis. The location of OMP OprD2 was
confirmed using the sodium salicylate inhibition test. The
results showed that 80 portions (40%) of MBL-positive strains
were screened out of 200 specimens. Imipenem-resistant
Pseudomonas aeruginosa (IRPA) and MIC values were
significantly higher than quality control bacteria and control
bacteria (P<0.05). A total of 35 cases with IMP-1 posi-
tive, 20 with VIM-1 positive, 16 with SPM positive, 5 with
2 positive genes and 4 with 3 positive genes were screened
among MBL positive strains. A total of 150 portions (75%) of
OprD?2 deficiencies were screened from 200 specimens. The
standard strains and sensitive strains showed OprD2 protein
bands at 45 kDa while no OprD2 protein bands appeared in
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OprD2 deficiency strains. It was in accordance with gene
detection. In conclusion, OMP OprD2 deficiency and MBL
phenotype positivity may be important mechanisms of IRPA.

Introduction

Pseudomonas aeruginosa is not only a common conditional
pathogen but also one of major pathogenic bacteria that may
cause outbreak of nosocomial infections. However, increasing
imipenem-resistant Pseudomonas aeruginosa (IRPA) results
in difficulties (1) in clinical treatment. Previous studies showed
that metal MBL f-lactamase (MBL) could split the p-lactam
antibiotic 3-lactamase ring to make antibiotics ineffective on
bacteria (2). It is one of the important drug resistance mecha-
nisms for the bacteria. MBL-mediated IRPA was identified
and confirmed and includes seven types - IMP, VIM, GIM,
SPM, SIM, AIM and NDM-1, of which IMP and VIM have the
closest clinical relationships (3).

The micropore proteins OprC, OprD and OprE are major
parts of the outer membrane protein (OMP) of Pseudomonas
aeruginosa. They are also specialized pathways for small
molecule hydrophilic substances to enter into the bacteria.
OprD?2 protein is a specific pathway for imipenem entering
into the Pseudomonas aeruginosa. It has ligand specificity
with loci-specific binding of the imipenem. It has no cross
resistance (4) with other B-lactam antibiotics. Previous find-
ings have shown a decrease in OMP OprD2 expression and
deficiency is a main cause for Pseudomonas aeruginosa
having resistance to carbapenems, leading to a decrease in
OMP permeability, resulting in Pseudomonas aeruginosa
having resistance to carbapenems in the end (5).

The present study aimed to investigate the mechanism of
IRPA from the angle of MBL generation and OMP OprD2
deficiency. It has great relevance to clinically reasonable and
effective use of antibiotics.

Materials and methods

Bacterial isolation and identification. A total of 200 speci-
mens derived from each clinical department of The First
Affiliated Hospital of Guangxi Medical University (Guangxi,
China) from January, 2015 to January, 2016 were selected and
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the Pseudomonas aeruginosa standard strain ATCC27853
was taken as a quality control strain while the IRPA acted as
the control. They were validated by the VITEK-2 full-auto
bacteria identification/drug susceptibility analysis system
(Biomerieux, Marcy 1'Btoile, France), as well as the drug
sensitivity test. Based on 2012 standard constituted by
American Clinical and Laboratory Standard Association
as references, the minimum inhibitory concentration (MIC)
values of IRPA were collected after being tested by agar
plate double dilution method.

MBL phenotype screened by Kirby-Bauer diffusion method.
Experimental strains were produced to 0.5 M bacterial suspen-
sion by using sterilized saline water and were evenly coated on
a Miiller-Hinton (M-H) plate in length of 9 cm. Two 10 yg IMP
drug sensitivity test papers (Merck Millipore, Billerica, MA,
USA) were pasted of which one with 10 1 EDTA in concentra-
tion of 500 mmol/l. The M-H plate with pasted drug sensitivity
test papers was placed into a constant temperature incubation
under 35°C for 18-24 h. Subsequently, the diameter of inhibi-
tion zone of IMP drug sensitivity test papers with EDTA and
only with IMP was tested. The diameter of inhibition zone of
IMP papers with EDTA was =5 mm than only with IMP paper,
which was the MBL phenotype -positive strain.

Polymerase chain reaction (PCR) testing metalloenzyme
genes IMP-1, VIM-1, SPM and OprD2. PCR Premix Taq
regent and primer synthesis (Takara Bio, Dalian, China), elec-
trophoresis and DNA marker (Beijing TransGen Biotech Co.,
Ltd., Beijing, China), and PCR (Bio-Rad, Berkeley, CA, USA)
were used in this study. To extract total DNA, a single colony
was taken from blood agar and placed in 500 ul of tri-distilled
water at 100°C for 10 min, in a refrigerated air dryer under
4°C at 8,000 x g for 10 min. The bacterial DNA in supernatant
(100 pl) was drawn and removed into another sterile centrifuge
tube and stored at -20°C for standby.

The reaction mixture consists of 2X Taq MasterMix (25 pl),
upstream and downstream primers (10 xM) for each 2 ul,
template DNA (4 ul), ddH,O (17 ul) to make up final volume of
50 ul. The PCR conditions for IMP-1, VIM-1 and SPMs were
pre-denaturation at 94°C for 4 min, denaturation at 94°C for
30 sec, annealing at 56°C for 30 sec and extension at 72°C for
1 min for 35 cycles and final extension at 72°C for 10 min. The
PCR conditions for OprD2 PC were pre-denaturation at 94°C
for 5 min, denaturation at 94°C for 30 sec, annealing at 55°C
for 30 sec and extension at 72°C for 1 min for total of 35 cycles
and re-extension at 72°C for 10 min. PCR products were sepa-
rated by gel electrophoresis (AGE), 5 ul of PCR products was
electrophoresed with a voltage of 110 V for 40 min. The gel
image was captured with UV light, and the sequences were
logged in GenBank for comparison and analysis. The primers
used are listed in Table I.

Western blotting for OprD?2 protein expression. Total protein
was extracted based on the specifications of bacterial membrane
protein extraction kits and the protein concentration was tested
using the BCA protein titer kits. It was prepared to 5.0 mg/ml
and stored at -80°C. OMP was separated by SDS-PAGE elec-
trophoresis method (Beijing Liuyi Instrument Factory, Beijing,
China) for staining and decolorizing using Coomassie Brilliant
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Table I. Primer sequences used in this study.

Band

Gene Primer sequence length, bp
IMP-1 F:5-CTACCGCAGCAGAGTCTTTG-3' 587

R: 5-AACCAGTTTTGCCTTACCAT-3'
VIM-1 F:5-AGTGGTGAGTATCCGACAG-3' 260

R: 5-ATGAAAGTGCGTGGAGAC-3'
SPM  F: 5-GCGTTTTGTTTGTTGCTC-3' 786

R: 5'- TTGGGGATGTGAGACTAC-3'
OprD2 F: 5-GCGCATCTCCAAGACCATG-3' 193

R: 5'-GCCACGCGATTTGACGGAG-3'

Blue fast staining liquid after electrophoresis. The results were
analyzed by gel-imaging system (Syngene, Frederick, MD,
USA).

OprD?2 position confirmed by sodium salicylate inhibition test.
The imipenem-sensitive Pseudomonas aeruginosa was respec-
tively inoculated in 2 M-H plates, 1 with 32 mmol/l of sodium
salicylate and another without sodium salicylate. The imipenem
drug susceptibility discs were, respectively, pasted in two M-H
plates, to incubate at 37°C overnight to observe the size of IMP
inhibition zone. The OMP was extracted from IMP-sensitive
strains in the MH plate with or without sodium salicylate for
SDS-PAGE for electrophoresis. The OMP D2 location was
determined based on features of OMP D2 being suppressed by
salicylic acid, namely the OMP D2 grown in the M-H plate
with sodium salicylate was suppressed by salicylic acid and
not expressed. During electrophoresis, the protein bands were
missing around 45 kDa. The OMP D2 grown in the M-H plate
without sodium salicylate was not suppressed and the protein
bands turned up around 45 kDa during electrophoresis.

Statistical analysis. Data analysis was carried out using
the SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA).
Quantitative data were expressed as mean + standard devia-
tion. The comparison among groups was carried out using
ANOVA. The quantitative data were expressed by case number
or percentage (%). Comparison among groups was performed
by %* test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Comparisons of MIC value. A total of 80 portions (40%) of
MB-positive strains were screened from 200 specimens. MIC
value of IRPA was significantly higher than quality control
bacteria and control bacteria. The difference was of statistical
significance [(265.4+43.2) vs. (0.9+0.2), (1.2+0.3) ug/ml,
F=152.342, P<0.001], as shown in Fig. 1.

MBL gene test. A total of 35 cases with IMP-1 positivity were
screened out from 80 portions of MBL positive strains, 20 with
VIM-1 positive, 16 with SPM positive, 5 with 2 positive genes
and 4 with 3 positive genes, as shown in Fig. 2.
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Figure 1. Screening of MBL phenotype with Kirby-Bauer disk diffusion
method (1 and 2, drug-resistance bacteria inhibition zone; 3 and 4, sensi-
tive bacteria inhibition zone; 2, positive MBL phenotype; 4, negative MBL
phenotype).
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Figure 2. MBL gene electrophoretogram (1, positive IMP-1; 2, negative
IMP-1; 3, positive VIM-1; 4, negative VIM-1; 5, positive SPM; 6, negative
SPM; 7, standard strains; 8, sensitive bacteria).
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Figure 3. OprD2 gene sequencing diagram.
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OprD2 gene and protein expression. A total of 150 portions
(75%) of OprD2 deficiencies were screened out of 200 speci-
mens. Gene sequencing is shown in Fig. 3. The OprD2 protein
bands appeared at 45 kDa in the standard strains and sensitive
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Figure 4. OprD2 protein electrophoretogram (1, sensitive strain containing
sodium salicylate; 2, sensitive strain without sodium salicylate growth; 3,
OprD2 missing drug resistant strains; 4, positive OprD2 drug-resistant strain;
5, sensitive strain; 6, standard strain).

strains, and no OprD2 protein bands appeared in OprD2
deficiency strains. The results were in accordance with gene
detection, as shown in Fig. 4.

Discussion

Imipenem is stable to a lot of B-lactamase or super spectrum
B-lactamase and it has strong affinity in penicillin binding
proteins. Additionally, it has no cross resistance with the third
generation of cephalosporin, with powerful bacterial activi-
ties. Therefore, it has become a common antibiotic in treating
gram-negative bacilli, especially Pseudomonas aeruginosa
infection (6). It has been widely used clinically, but in the
presence of other antibiotics the detection rate of drug resis-
tance also gradually increased (7). This study has concluded
that MBL positive rate was 40%. The MIC value of IRPA was
significantly higher than quality control bacteria and control
bacteria. In total, 35 cases were screened out with IMP-1 posi-
tive, 20 with VIM-1 positive, 16 with SPM positive, 5 with
2 positive genes and 4 with 3 positive genes.

The structural gene OprD of coding OprD2 protein
was located in the chromosome of bacteria. The changes of
encoding gene sequences may cause OprD2 protein expression
reduction or even missing and result in the decrease of OprE
protein expression volume. When OprD2 was missing or its
expression was decreased, it lead to permeability changes of
bacterial outer membrane and then blocking the carbapenems
entering into the bacteria, showing carbapenems resistance
clinically (8). Additionally, OprD2 protein is able to form a
specific locus by binding bacteria and carbapenems. It is one
and only porin that allows antibiotics go through smoothly in
current studies, especially for Pseudomonas aeruginosa (9).
Therefore, loss or reduction in OMP OprD2 expression is an
important mechanism leading to Pseudomonas aeruginosa
resistance to carbapenem antibiotics. The present study
suggests that if the rate of missing OprD2 proteins is 75%, the
rate of missing MBL positive strains could reach up to 90%.
The results of protein electrophoresis and gene sequencing
were the same. Due to different regions and antibiotic habits,
the detection rate of missing OprD2 protein can vary (10).
However, there was still OprD2 protein expression positivity
reported in MBL-positive strains, which indicated that missing
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OMP OprD2 was a major mechanism that causes IRPA, but it
was not the single one. Some studies reported that pure OprD2
gene missing only has low level of IMP resistance while OprD2
missing can produce significant resistance to carbapenems
antibiotics only if it acts together with other factors, such as
producing chromosome-mediated OprD2 enzyme (11).

Some studies have suggested that the active efflux pump
may play an important role in resistant Pseudomonas aeru-
ginosa (12). It can positively expel antibiotics out of the
bacteria. If the expression quantity of efflux pump increases,
the antibiotic output also goes up resulting in bacteria resis-
tant to this antibiotic. The MexAB-OprM efflux system is
the most common and most important active efflux pump in
Pseudomonas aeruginosa. Its regulatory gene MexAB-OprM
operon may be affected by upstream repressor gene MexR
coded MexR protein. Its substrate is relatively extensive
mainly including B-lactamase inhibitor, B-lactam, tetracy-
clines, chloramphenicol, quinolones, novobiocin, macrolides,
sulfonamides and carbapenems. It usually causes multidrug
resistance (13).

In conclusion, missing OMP OprD2 and MBL phenotype
positivity may be the important mechanisms for IRPA.
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