
Profile of outer membrane proteins of carbapenem-
resistant Gram-negative bacilli in Ghana

CODJOE, Francis S., KOTEY, Fleischer C. N. and DONKOR, Eric S.

Available from Sheffield Hallam University Research Archive (SHURA) at:

https://shura.shu.ac.uk/34818/

This document is the Published Version [VoR]

Citation:

CODJOE, Francis S., KOTEY, Fleischer C. N. and DONKOR, Eric S. (2025). Profile 
of outer membrane proteins of carbapenem-resistant Gram-negative bacilli in 
Ghana. BMC Research Notes, 18 (1): 49. [Article] 

Copyright and re-use policy

See http://shura.shu.ac.uk/information.html

Sheffield Hallam University Research Archive
http://shura.shu.ac.uk

http://shura.shu.ac.uk/
http://shura.shu.ac.uk/information.html


R E S E A R C H  N OT E Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t t p  : / /  c r e a  t i  
v e c  o m m  o n s .  o r  g / l  i c e  n s e s  / b  y - n c - n d / 4 . 0 /.

Codjoe et al. BMC Research Notes           (2025) 18:49 
https://doi.org/10.1186/s13104-024-07070-6

Introduction
Carbapenem-resistant Gram-negative bacteria (CR-
GNB) have emerged as major public health threats 
worldwide, leading to increased morbidity, mortality, 
and healthcare costs [1–3]. In sub-Saharan Africa, the 
predominant global hotspot for antimicrobial resistance 
(AMR), AMR surveillance studies have rarely evaluated 
carbapenem resistance, which has become prevalent 
in the region [4–6]. Most of the few that have done so 
merely reported on carbapenem resistance prevalence, 
with little information on the molecular basis of the 
resistance [7, 8]. Those that studied the molecular epi-
demiology of carbapenem resistance mainly focused on 
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Abstract
Objective Carbapenem resistance is a major global health threat, but insights on its molecular determinants are 
scanty in sub-Saharan Africa, the predominant global antimicrobial resistance hotspot. This study aimed to profile 
outer membrane proteins (OMPs) of 111 carbapenem-resistant Gram-negative bacteria recovered from a broad 
spectrum of clinical specimens from Ghana.

Results The OMPs of Pseudomonas aeruginosa produced decreased amounts of OprD or the porin was completely 
lost, except in 5.9% (n = 3) of the isolates which had high-level porins. For Acinetobacter baumannii, 96.8% (n = 30) 
expressed loss of OprF. One carbapenemase non-PCR-positive isolate with high-level porin expression was observed. 
In A. baumannii, the major and significant band on SDS-PAGE was ~ 35 kDa. There were substantial numbers of 
unrelated porin expression among the isolates. Particularly, OmpC/F or OmpK35/37 expression was deficient. Sodium 
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) analysis for Escherichia coli, Klebsiella aerogenes, 
Klebsiella pneumoniae, and other Enterobacterales had OmpC and OmpF absent or markedly reduced compared to 
the control strains. Overall, porin loss was a major mechanism underlying carbapenem resistance among the isolates, 
suggesting that in carbapenem-resistant organisms that seem to lack known carbapenem resistance genes, porin loss 
may be the underlying carbapenem resistance mechanism.
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the occurrence of carbapenemase genes among the iso-
lates [1–3]. The involvement of outer membrane proteins 
(OMPs) in the resistance traits, although important, have 
been largely overlooked in these studies.

OMPs, also known as porins, are major cell wall com-
ponents of Gram-negative bacteria [9]. Among other 
things, they help maintain bacterial membrane integrity, 
facilitate adhesion to host mucosa, biofilm formation, 
and passage of molecules (including iron and antibiot-
ics) across the bacterial cell membranes [10–13]. They 
are also crucial to perpetuation of AMR in Gram-nega-
tive bacteria, through gene expression- and structural 
rearrangement-induced reduced permeability [14–16]. 
Besides, owing to their abundance on the bacterial sur-
face, outer membrane proteins could be exploited in the 
design of vaccines and novel and improved antimicrobi-
als [17].

The goal of the current study was to characterise OMPs 
of CR-GNB recovered from a broad spectrum of 3,840 
clinical specimens collected in a three-year multicen-
tre AMR surveillance in Ghana [1]. We have previously 
reported on AMR profiles and distribution of carbapen-
emase genes [1], as well as genetic relatedness [2] among 
these isolates. Thus, this study adds an underexplored 
angle to the discussion on carbapenem resistance from 
an AMR-affected region where sparse insights on car-
bapenem resistance have emanated from.

Materials and methods
Details of the CR isolates and previous analyses
In total, 3,840 clinical specimens collected from four 
major hospitals (Volta Regional Hospital [in the Volta 
Region], AngloGold Mines Hospital [in the Ashanti 
Region], Effia-Nkwanta Hospital [in the Western Region], 
and the Korle Bu Teaching Hospital [in the Greater Accra 
Region]) were evaluated for AMR and screened for beta-
lactamase and carbapenemase genes and beta-lactamase 
and carbapenemase production [1].

The specimens yielded 111 CR isolates, mainly Pseu-
domonas aeruginosa (51), Acinetobacter baumannii (31), 
Escherichia coli (12), Pseudomonas putida (7), Klebsiella 
pneumoniae (3), Enterobacter cloacae (3), and one each 
of Sphingomonas paucimobilis, Shigella sonnei, Providen-
cia stuartii, and Cronobacter sakazakii; the OMP profiles 
of these were evaluated in this study.

Outer membrane protein analysis of the CR isolates
In total, 111 non-duplicated CR isolates from 55 male 
and 56 female patients aged between 3 days and 91 years 
were investigated. A recent study by Sugawara & Nikaido 
[18] claimed that the major proteins in the outer mem-
brane of Acinetobacter baumannii, a non-fermenter iso-
late that belongs to the low-permeability trimeric porin 
group, but has been found to equate to Escherichia coli 

OmpF/OmpC, and also shares close homology to Pseu-
domonas aeruginosa OprF and Escherichia coli OmpA. 
Therefore, in-house MBL-positive (VIM-positive) and 
wild-type Pseudomonas aeruginosa control strains from 
the Sheffield Hallam University (SHU) collection were 
included and used for the study analysis of OMPs. Two 
methods, with some modifications, were employed sepa-
rately for organisms in the Enterobacteriaceae family and 
Acinetobacter species [19], and for Pseudomonas species 
[20], due to structural differences. Briefly, bacterial cul-
tures were grown aerobically at 37 °C in Mueller-Hinton 
broth for six hours, then harvested by centrifugation. The 
pellet was resuspended in phosphate-buffered saline with 
lysozyme, sonicated to disrupt the cells, and centrifuged 
multiple times to remove whole cells and cell debris. The 
supernatant was then centrifuged to pellet the cell mem-
branes, which were resuspended in a detergent solution 
to extract the outer membrane vesicles. The OMPs were 
harvested by centrifugation, washed to remove the deter-
gent, and stored at -20 °C for later use.

Sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE)
Resolving gels were made at a 12% concentration of 
acrylamide. Polymerisation of acrylamide was prepared 
by adding 16 µl N, N,N’,N’-tetramethylethylenediamine 
(TEMED) (Bio-Rad); the gel solution was cast between 
two glass plates in the apparatus and then layered with 
isopropanol equilibrated with saturated aqueous sodium 
chloride. Once gel polymerisation was complete, the 
saturated isopropanol was removed and the area at the 
top of the gel was dried with filter paper. The stacking 
gels were made containing 6% acrylamide concentra-
tion. Acrylamide polymerisation was initiated by add-
ing 10  µl TEMED; the gel solution was overlaid on the 
resolving gel, and 15-well comb was pushed into the gel 
to create sample wells. After complete polymerisation, 
the gel apparatus was assembled in the appropriate tank 
and covered in 1x SDS-PAGE running buffer made from 
10x tris-glycine-SDS buffer in 500 ml of deionised water 
at pH 8.3; Tris base 15.0 g, Glycine 72.0 g, SDS 5.0 g. The 
crude OMP samples were mixed with SDS-PAGE loading 
buffer at a 6:1 ratio, boiled for 5–10 min, and loaded into 
the wells created in the gel. Electrophoresis was set at 130 
volts per centimetre until the blue colour in the loading 
dye in the sample buffer had reached the end of the gel 
(approximately 45 to 60 min). OMPs were visualised by 
staining the gel for 1  h with Coomassie brilliant blue R 
solution, and then destained with destain solution over-
night and 2 other changes of destain solution over 2 to 
3  h until the gel was clear. OMP bands were compared 
with standard pre-stained protein ladder (Thermo-Scien-
tific, Leicestershire, UK).
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The analysis of the OMPs on SDS-PAGE of all the CR 
isolates were specifically compared with Pseudomo-
nas aeruginosa control strains with or without OprD 
(~ 44  kDa) expression which affects susceptibility to 
carbapenems.

Ethical approval
The study was approved by the Ethical Committee of 
the School Biomedical & Allied Health Sciences, Col-
lege of Health Sciences, University of Ghana (Iden-
tification Number: SAHS-ET/SAHS/PSM/ML/05/
AA/26A/2012–2013). The data and the bacteria were 
analysed anonymously, and hence informed consent was 
not applicable.

Results
Results summary of previous investigations on the CR 
isolates
Among the 111 isolates, 58% (n = 64) were meropenem-
resistant, 66.7% (n = 74) were imipenem-resistant, and 
75% (n = 83) were doripenem-resistant, with 58% (n = 64) 
of the isolates having ≥ 32  mg/mL minimum inhibitory 
concentration (MIC) levels [1]. Also, 23.4% (n = 26) of the 
isolates were demonstrated as carbapenemase-positive 
by polymerase chain reaction (PCR), and the highest 
carbapenemase gene prevalence was from Acinetobacter 
spp. (9 NDM-1-positives) and P. aeruginosa (2  postive 
for NDM-1 and 7 positive for VIM-1), followed by E. coli 
(3  positive for NDM-1), K. pneumoniae (2  positive for 
OXA-48), one VIM-1-positive P. putida isolate, and one 
each NDM-1-positive P. stuartii and S. sonnei, respec-
tively [1].

Porin expression in the CR isolates
There were different expressions of porins for all CR iso-
lates investigated (Fig.  1). The OMPs of Pseudomonas 
aeruginosa produced decreased amounts of OprD or the 
porin was completely lost, except the 5.9% (3/51) with 
high levels of porin in them (Table 1). Most of the isolates 
which had loss of porins were among the presumptive 
carbapenemase non-PCR positives.

For Acinetobacter baumannii, 96.8% (30/31) expressed 
loss of OprF in them, which included the NDM-1-posi-
tive producers. One carbapenemase non-PCR-positive 
isolate with high-level expression of porin was observed. 
Of all the Acinetobacter baumannii isolates analysed, the 
major and significant band on SDS-PAGE was ~ 35 kDa.

There were substantial numbers of unrelated porin 
expression. In particular, OmpC/F or OmpK35/37 
expression was deficient. SDS-PAGE analysis for Esch-
erichia coli, Klebsiella aerogenes, Klebsiella pneumoniae, 
and others in the Enterobacteriaceae group had OmpC 
and OmpF absent or markedly reduced at Bands 35 kDa 
and 37 kDa, respectively, compared to control strains.

Discussion
This study profiled OMPs among a collection of carbape-
nem-resistant isolates from Ghana. OMPs of the Pseudo-
monas aeruginosa isolates produced decreased amounts 
of OprD or the porin was completely lost, except for 5.9% 
(3 out of 51) which had high levels of porin in them. The 
majority of the isolates which had loss of porins were 
among the presumptive carbapenemase non-PCRpos-
itives. It is worth mentioning that the effect of OprD 
reduction or loss could be one of the mechanisms that 
explain the ease with which Pseudomonas aeruginosa 
is known to become resistant. High-level production of 
β-lactamase activity by nitrocefin assays were prevalent 
in all the CR isolates studied. The effect and presence of 
these non-plasmid determinant enzymes may contribute 
significantly to carbapenem resistance coupled with the 
loss of OprD gene [21].

Essentially, in most multidrug-resistant Pseudomo-
nas aeruginosa, isolates chromosomally encode resis-
tance mechanisms in association with hyperexpression 
of AmpC, overproduction of the MexAB efflux system, 
or both, without harbouring a carbapenem resistance 
gene that could inactivate the OprD gene. The effect 
of these resistance mechanisms and the presence of 
β-lactamase enzymes may have resulted in the high num-
ber of carbapenemase non-PCR positives. According to 
Yang et al. [22], porins play a significant role in increas-
ing Gram-negative bacterial resistance to carbapenems. 
Importantly, presence of ESBL- or AmpC-type enzymes 
is an essential element for resistance among Enterobac-
teriaceae and non-fermenting Pseudomonas species. 
This recognition was also observed in CR isolates in this 
study. Thus, all the 7 VIM-1-producing Pseudomonas 
aeruginosa isolates were carriers of TEM-1 and SHV-1 
enzymes; 6 carbapenemase non-PCR positives out of 7 
Pseudomonas putida isolates including the only VIM-
1-positive isolate had reduced OprD or loss of porin by 
the SDS-PAGE assessment in this study. Pirnay et al. [23] 
emphasised that the major determinant of resistance to 
imipenem, particularly, in Pseudomonas aeruginosa in 
the absence of MBL could be mutational change in the 
oprD gene. It is worth noting that most Pseudomonas 
aeruginosa carbapenemase non-PCR positives, includ-
ing other CR isolates, showed decreased production of 
the  oprD gene, which could be mutation-driven resis-
tance. This phenomenon was observed on the elec-
trophoretic patterns of the SDS-PAGE analysis with a 
reduction or loss of outer membrane porin D.

A study by Fusté et al. [24], also on multidrug-resistant 
Pseudomonas aeruginosa, revealed a similar reduction 
of the OprD, the main uptake of carbapenems, while in 
another study from Brazil [25], markedly reduced OprD 
expressions were observed in MBL-negative Pseudomo-
nas isolates. This is in agreement with this present study, 
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which has demonstrated that OprD loss and VIM-1 pro-
duction could be one of the possible mechanisms emerg-
ing in MBL negative Pseudomonas aeruginosa from 
Ghanaian hospitals.

For Acinetobacter baumannii, 96.8% expressed OprF 
loss, which included the NDM-1-positive producers. 
One carbapenemase non-PCR positive isolate with 
high-level porin expression was observed, although the 
mechanism of resistance remains unclear. It should be 
mentioned that the selectivity of the outer membrane 
permeability barrier is different for organisms such as 
Acinetobacter species or Pseudomonas aeruginosa com-
pared with those in the Enterobacteriaceae group. The 
OmpAb of ~ 40 kDa, an OMP of Acinetobacter bauman-
nii accounts for approximately 30–40% of the total OMPs 
[26], as compared to that of Pseudomonas aeruginosa. Li 
et al. [27] emphasised that these organisms do not pro-
duce the classical Escherichia coli-type trimeric porins 
that provide an increased influx of small drugs. The main 

nonspecific porin in these organisms is a homology of 
Escherichia coli OmpA, which functions by adding struc-
tural fitness usually connected to the outer membrane 
underlying peptidoglycan [27]. Acinetobacter baumannii 
has a close homology to Escherichia coli OmpA, an anti-
biotic selection and permeant porin [28] and Pseudomo-
nas aeruginosa OprF, which is the major OMP [18]. Of 
all the Acinetobacter baumannii isolates, the major and 
significant band on SDS-PAGE was ~ 35  kDa, strongly 
suggesting that the outer membrane of Acinetobacter 
baumannii contains reduced amounts of low-permeabil-
ity porins, a situation similar to the OprF of Pseudomo-
nas aeruginosa.

The deficiency in OmpC/F or OmpK35/37 expression 
could be due to mutation and the presence of a large col-
lection of non-fermenters highly resistant to cephalo-
sporins and carbapenems studied, mainly, Pseudomonas 
aeruginosa and Acinetobacter baumannii isolates. These 
organisms have mutational complexities, structural 

Fig. 1 Representative outer membrane proteins of control strains and carbapenem-resistant isolates on SDS-PAGE. Note M = Protein marker in kDa; 
C1 = Control SHU 2048 VIM-positive Pseudomonas aeruginosa strain; C2 = Control SHU 2054 MBL-negative Pseudomonas aeruginosa strain; 85–111 rep-
resent sample numbers; OprM/J (48/49 kDa) = Major intrinsic multidrug efflux proteins; OprD (44 kDa) = Specific for β-lactam imipenem resistance; OprF 
(35 kDa) = Major porin for structural stabilisation of peptidoglycan; OprH/G (22/23 kDa) = Polycationic antimicrobial uptake and putatively in iron uptake. 
Full-length gels are presented in Supplementary Fig. 1
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Isolate Code Name of isolate A B C Major porins
OprDa OprFb

1 P. aeruginosa + – – H M
4 A. baumannii + – – – –
6* P. aeruginosa + – – R –
7* P. aeruginosa + – – – –
8 A. baumannii + – – – –
9 C. sakazakii + – – – –
10 P. aeruginosa + – – – –
11 S. paucimobilis + – – – –
12* P. putida + – – – –
16 P. aeruginosa + – – R M
20 A. baumannii + – – – –
23 E. coli + – – – –
24 P. aeruginosa + – – – R
25 P. aeruginosa + – – – R
26 P. aeruginosa + – – – –
29 A. baumannii + – – – –
32 P. aeruginosa + – – – R
33 En. Cloacae + – – – –
36 A. baumannii + – – – –
37 P. aeruginosa + – – R –
38 A. baumannii + – – – –
39* P. aeruginosa + – – – –
40 P. aeruginosa + – – R R
41 P. aeruginosa + – – R –
42* A. baumannii + – – R –
43* A. baumannii + – – – –
44 P. putida + – – – –
45 A. baumannii + – – – –
46* A. baumannii + – – – –
47* P. aeruginosa + – – – –
48 P. aeruginosa + – – – –
49 A. baumannii + – – – –
51 A. baumannii + – – – –
53 E. coli + – – – –
56 A. baumannii + – – M M
60* P. aeruginosa + – – R –
61 P. aeruginosa + – – – –
62* P. aeruginosa + – – R –
63 P. aeruginosa + – – – –
64* A. baumannii + – – – –
65 P. aeruginosa + – – – –
72* A. baumannii + – – – –
74* P. aeruginosa + – – – M
75 A. baumannii + – – – –
77 A. baumannii + – – – –
78 P. putida + – – – –
79 P. aeruginosa + – – – M
82 A. baumannii + – – R –
86 P. aeruginosa + – – – H
87 P. aeruginosa + – – – M
88 P. putida + – – – –
90 P. putida + – – – –

Table 1 Carbapenem MIC levels and major porins in carbapenem-resistant isolates
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91 En. Cloacae + – – – R
92 P. putida + – – – –
93 E. coli + – – – R
95 En. Cloacae + – – R R
97 E. coli + – – – –
100* P. aeruginosa + – – – R
102* A. baumannii + – – – –
106 A. baumannii + – – R –
108* A. baumannii + – – R –
109 P. aeruginosa + – – R –
110 P. aeruginosa + – – R H
2* E. coli – + – R –
13 P. aeruginosa – + – – –
14 P. aeruginosa – + – – +
15 P. aeruginosa – + – R R
17 P. aeruginosa – + – – –
18 E. coli – + – – –
19* K. pneumoniae – + – – –
22 A. baumannii – + – – –
27* A. baumannii – + – – –
28 P. aeruginosa – + – R H
30 A. baumannii – + – – –
31 P. aeruginosa – + – R –
34 A. baumannii – + – – –
50* A. baumannii – + – – –
52 P. aeruginosa – + – – –
54 P. aeruginosa – + – – –
55 K. pneumoniae – + – – –
57 P. aeruginosa – + – – –
58 P. aeruginosa – + – – –
66 P. aeruginosa – + – – –
69 E. coli – + – – –
71 P. aeruginosa – + – R –
73 A. baumannii – + – – –
80 P. aeruginosa – + – – –
84* P. aeruginosa – + – – –
94 A. baumannii – + – – –
96 P. aeruginosa – + – – –
98* K. pneumoniae – + – – –
99 P. aeruginosa – + – M H
101 A. baumannii – + – – –
104 En. Cloacae – + – R –
107 A. baumannii – + – – –
111 P. aeruginosa – + – R H
3 P. aeruginosa – – + R –
5* E. coli – – + R –
21 P. aeruginosa – – + – R
35 E. coli – – + – –
59 P. aeruginosa – – + M M
67 E. coli – – + – –
68 E. coli – – + H –
70 P. aeruginosa – – + R –
76* P. stuartii – – + – –
81 P. aeruginosa – – + – H

Table 1 (continued) 
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differences, diminishing permeability or altered porin 
expressions compared to Escherichia coli and Klebsiella 
pneumoniae which were relatively few in numbers in this 
study.

Other membrane proteins were analysed and also com-
pared with the Pseudomonas aeruginosa control strains 
since the porins are closely related to the absence or 
presence of OmpA, OmpAb, OmpC, and OmpF porins 
which have similar resistance to β-lactams and other 
antimicrobials. The SDS-PAGE analysis for Escherichia 
coli, Klebsiella aerogenes, Klebsiella pneumoniae,  and 
others in the Enterobacteriaceae group had OmpC and 
OmpF absent or markedly reduced at Bands 35 kDa and 
37  kDa, respectively, compared to control strains. The 
presence of OmpA in most of the Enterobacteriaceae 
group, for instance, in Klebsiella aerogenes, is the major 
source of stabilisation within the bacterial membrane, 
which leads to a reduction in the expression of OmpC 
and OmpF porins, and eventually a reduced susceptibility 
to β-lactams and other antimicrobials [29, 30]. Previous 
studies explained that the level of expression of OmpC 
and OmpF porins may not necessarily control the per-
meability of the outer membrane to nitrogen and glucose 
uptake under nutrient restriction, but may also be due to 
differential control by the concentration of certain anti-
microbials within the environment [31, 32]. These studies 
are in agreement with this present study analysis which 
accounted for the high number of carbapenemase non-
PCR positives.

Limitation
The study is limited by the few number of isolates evalu-
ated and the age of the data.

Conclusion
In all, porin loss was demonstrated as one of the possible 
major mechanisms underlying the carbapenem resis-
tance trait of the investigated isolates. Thus, in carbape-
nem-resistant organisms that do not seem to harbour 
known carbapenem resistance genes, porin loss may be 
the underlying carbapenem resistance mechanism.
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83 P. putida – – + M –
85 E. coli – – + H –
89* S. sonnei – – + – –
103 A. baumannii – – + R –
105* E. coli – – + H –
*Positive carbapenemase producers
a Analysis mainly for Pseudomonas species only
bAnalysis for all CR isolates

Note: A = 3 carbapenems (imipenem, meropenem, ertapenem) (E-test levels were ≥ 32 µg/ml [n = 63]); B = 1 or 2 carbapenems (imipenem, meropenem, ertapenem) 
(E-test levels were between ≥ 16 and ≤ 4 µg/ml [n = 33]); C = 1 or 2 carbapenems (imipenem, meropenem, ertapenem) (E-test levels were < 4 µg/ml [n = 15]), + = 
Susceptible; – = Negative; H = High level of protein; M = Moderate level of protein; R = Low/reduced level of protein

Table 1 (continued) 
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