Biotechnological Journal of

Environmental Microorganisms
(BJEM)

Biotechnological Journal of Environmental Microorganisms(BJEM) 1(2) 2022 78-88

Investigating the Severity of Environmental Stress Conditions
on Growth, the Protein Profile, and Biochemical Characteristics
of Pseudomonas aeruginosa ATCC 27853

Azita Tisheyar!, Moahmmad Faezi Ghasemi*, Nour Amirmozafari 3

'Department of Microbiology, Faculty of Basic Sciences, Lahijan Branch, Lahijan, Iran
2 Department of Microbiology, Faculty of Basic Sciences, Lahijan Branch, Lahijan, Iran
* Department of Microbiology, School of Medicine, Iran University of Medical Sciences, Tehran, Iran

Received: 13 August 2022 / Revised: 19 September 2022 / Accepted: 22 September 2022

Abstract

Pseudomonas aeruginosa is the main cause of nosocomial infections, and is resistant to most antibiotics, this
study aimed to evaluate the effects of different stress conditions on growth, the protein profile, and biochem-
ical characteristics of this bacterium. The cells of P. aeruginosa ATCC 27853 in the logarithmic phase were
exposed to different stress factors such as sucrose concentration, ethanol, acid, osmotic pressure, and CoCl..
Following each stress condition, the growth and the survival of bacterial cells were determined. Microscopic
observation showed morphological changes in different stress conditions. P. aeruginosa ATCC 27853 tolerated
up to pH 3, 55% (V/V) ethanol, and CoCl, up to 7% (W/V), and beyond these amounts, the bacterium lost
its ability to survive. Maximum tolerance to sucrose was about 35% (W/V). The results showed that different
stress conditions could not effect on the main biochemical characteristics of P. aeruginosa ATCC 27853.
Scanning electron microscopy of the cells exposed to different stress conditions showed wide changes in the
morphology of cells. In addition, upon treating to different stresses significant changes were observed in the
protein profile of P. aeruginosa ATCC 27853 according to SDS-PAGE analysis. It can be concluded that severe
environmental stresses have great effects on the growth pattern, phenotypic characteristics, and protein profile
of P. aeruginosa ATCC 27853. If the stresses induced all at once, they will cause the death, but if they are
affected slowly and for longer period, most bacteria will be able to repair the damaged parts, and the growth
of will resume.
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1. Introduction

All living organisms respond to adverse con-
ditions and stresses at the cellular level (Sun &
Zhou, 2018). It seems that the response of eukar-
yotes to environmental stress is much more com-
plex than that of bacteria (Shetty et al., 2019).
These responses can be induced by many differ-
ent chemical, environmental, and biological fac-
tors, including toxins, sodium arsenite, ethanol,
sulthydryl groups, hydrogen peroxide, heavy
metals, amino lipid analogs, antibiotics, and viral
contamination. (Macario et al., 1999).

Envelope stress responses (ESRs) are crucial
to the maintenance of this barrier and function to
detect and respond to perturbations in the enve-
lope caused by environmental stresses. In addi-
tion, pathogenic bacteria are exposed to an array
of challenging and stressful conditions during
their lifecycle and, in particular, during infection
of a host (Hews et al., 2019). In the past years,
many genes and proteins related to stress have
been studied, and their results have been that
stress causes the inactivation of some genes or
the negative regulation of their expression, and
on the other hand, stress activates a number of
other proteins. Therefore, molecular chaperones
help other cell proteins fold correctly after trans-
lation and enter the cells where they are needed
and where their function is (Diamant et al., 2001),
and the study of stress responses will continue to
be a topic of biological, medical, and applied re-
search (Moat et al., 2002).

The genus Pseudomonas includes more than
10 species, most of which are saprophytes. Most
of them, like Pseudomonas aeruginosa, Pseu-
domonas putida, Pseudomonas cepacia, Pseu-
domonas stutzeri, Pseudomonas maltophilia, and
Pseudomonas putrefaciens, cause opportunistic
infections in humans (Woods & Iglewski, 1983).
In addition, over the last decades, there has
been a dramatic global increase in multidrug-re-
sistant (MDR) pathogens, particularly among
Gram-negative bacteria. Pseudomonas aerugi-
nosa is responsible for various healthcare-associ-
ated infections (Mahmood et al., 2021). Approx-
imately 80% of Pseudomonas is obtained from
clinical samples (Hancock et al., 1983; Woods &

Iglewski, 1983). P. aeruginosa is a gram-nega-
tive bacterium that is remarkable for its world-
wide ubiquity and extensive environmental dis-
tribution in soil, water, and plant matter, as well
as its ability to cause a variety of opportunistic
infections in humans. It is a major cause of mor-
bidity and mortality in hospitalized patients and
those with cystic fibrosis (CF) (Ozer et al., 2019).
Pseudomonas has two types of pigments in the
sample: green pigment and blue pigment. Blue
pigment (pyocyanin) is a characteristic of puru-
lent infections (Abdelaziz et al., 2022).

P aeruginosa is considered a major health
care threat due to its vast rates of emergence,
acquisition, and spread of different resistance
mechanisms (Bassetti et al., 2017). This conse-
quently led to challenges in initiating appropriate
targeted therapy, particularly in severe infections,
leading to increased morbidity and mortality as
well as prolonged hospital stays and subsequent-
ly excessive health care costs (Zilberberg et al.,
2014). It is resistant to physical factors, including
heat, high concentrations of salt, disinfectants,
and most antibiotics. An antibiotic should not be
used to treat Pseudomonas infections because the
bacteria quickly become resistant to it. Some an-
tibiotics, like fluoroquinolones, gentamicin, and
imipenems, can be used (Klibanov et al., 2004;
Todar, 2006). This bacterium causes between 10
and 20% of hospital infections (Botzenhart &
Riiden, 1987). P. aeruginosa has a cytoplasmic
membrane with a symmetric phospholipid bi-
layer and an asymmetric outer membrane with a
phospholipid inner face and a lipopolysaccharide
outer layer, which generates a permeability bar-
rier. The outer membrane of P. aeruginosa con-
tains numerous proteins, including lipoproteins
and channels (Chevalier et al., 2017; Remans
et al., 2010). The vast majority of individuals
with cystic fibrosis (CF) will eventually become
chronically infected with Pseudomonas aerugi-
nosa (Moreau-Marquis et al., 2008; Jennings et
al., 2021). Persistence of CF airway infections
is associated with non-resolving inflammation,
accelerated lung disease, and earlier mortality
(Gibson et al., 2003; Jennings et al., 2021).
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P aeruginosa produces numerous virulence
determinants associated with pathogenicity, in-
cluding exotoxins, proteases, other enzymes, pig-
ments, secretion systems, alginate capsules, fla-
gella, and pili (Park & Koo, 2022). Importantly,
P. aeruginosa possesses different mechanisms to
manipulate or evade the host immune response,
including a mucoid exopolysaccharide known as
alginate. Remarkably, alginate slime promotes
biofilm formation as it anchors the cells to the
environment, which is able to protect against im-
mune defenses. This ability of P. aeruginosa to
manipulate host immunity results in a worsening
of the disease in this population, associated with
the formation of biofilm and other phenotypes
(Chirgwin et al., 2018).

Currently, combination therapy is only recom-
mended in limited scenarios and has been suc-
cessful for a long time, but the increase in world-
wide resistance necessitates the need for newer
agents (Ibrahim et al., 2020). Combinations of
gentamicin and carbenicillin are very effective
in patients with acute P. aeruginosa infections.
Gentamicin, tobramycin, amikacin, and colistin
are effective in the treatment of Pseudomonas,
but it is important to perform a sensitivity test
before prescribing the antibiotics. In patients
with leukopenia, several types of vaccines have
been obtained, but they are still not widely used
or available (Brown, 1975; Poole, 1994). In the
present study, the effect of environmental stress,
including osmotic pressure, pH, ethanol, and
CoCl,, on P. aeruginosa ATCC 27853 was eval-
uated, and morphological, biochemical, and pro-
tein profile changes of this bacterium were stud-
ied in detail.

2. Materials and Methods
2.1. Bacterial strain and chemicals
Pseudomonas aeruginosa ATCC27853 was
obtained from the microbial resource centers of
Boo-Ali Hospital and the Shahriari Branch’s Sci-
entific Research Center, Tehran, Iran. All chemi-
cals used in this study were obtained from Merck
Co. (Darmstadt, Germany).
2.2. Studying the effect of different stress
conditions on P. aeruginosa ATCC 27853 Dif-
ferent parameters, such as ethanol, sucrose, acid-

ity, and heavy metal CoCl,, were evaluated on P.
aeruginosa ATCC 27853. For stress treatment,
P. aeruginosa ATCC27853 cells were grown in
TSB broth to reach mid-log phase (OD600=0.4-
0.5). For osmotic stress, cells were inoculated
in TSB broth containing sucrose at 0.0% (con-
trol), 5, 10, 17, 24, 30, 32, and 35%. For oxida-
tive stress, P. aeruginosa ATCC27853 cells were
exposed to different concentrations of ethanol,
including 0.0 (control), 5, 15, 25, 35, 45, 50,
and 55%. For acidic stress, a variety of pHs in
acidic conditions (2.5, 3.0, 4.0, 5, and 6) were
employed. For the study of the effect of heavy
metals, CoCl, at concentrations of 1, 3, and 7%
was used. P. aeruginosa ATCC27853 cells were
treated for 3 hours in each stress condition. Then,
the cells were centrifuged at 10000 rpm for 20
min at 4°C. Then cell pellets were resuspend-
ed in phosphate buffer (pH 7.2) and cultured in
differential media to evaluate the effects of each
stress parameter in comparison to non-stress
conditions.
2.3. Microscopic study

Morphological and structural changes upon
stress conditions on P. aeruginosa ATCC 27853
cells were studied by the method of Cefali et al.
(2002) with some modifications. The mid-log
phase cells grown in Luria Bertani broth were
centrifuged at 10000 rpm for 15 min, washed
twice with sterile phosphate buffer saline, and
immediately placed on a circular slide for dry-
ing. To check that the air-drying process of
samples did not affect cell morphology (criti-
cal point overcoming), parallel scanning elec-
tron microscope (SEM) imaging was performed
(Zeiss-Gena, Germany). Samples for obtaining
SEM images were prepared in duplicate: the first
was set by the critical point drying (CPD) pro-
tocol; the second was prepared without drying
to the critical point, according to the procedure
suggested by Al-Tahhan et al. (2000).
2.4. Protein profile study
A protein profile study under different stress con-
ditions was studied using crude extract prepa-
ration. The mid-log phase cells in stressed and
non-stressed conditions grown in LB medium
were centrifuged at 10000 rpm for 15 min at 4
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°C, immediately washed with sterile phosphate
buffer saline, and resuspended in TE buffer (10
mM Tris-HCIL, 1 mM EDTA, pH 8.0), contain-
ing 0.3 mg phenylmethanesulfonylfluoride/ml.
All cells were lysed using sonication on ice by
five 10-s bursts at 4 W (Cole Parmer Instrument
Co., Vernon Hills, IL) and stored at -20°. Cell de-
bris and unbroken cells were removed from all
samples by centrifugation at 10000 rpm for 15
min at 4°C. The total protein concentration was
determined by the Bradford method. Bovine se-
rum albumin (BSA) was used as the standard.
All experiments were performed in triplicate
(Southey-Pillig et al., 2005).
2.4.1.0ne-dimensional gel electrophoresis and
image analysis

Protein extraction using the sodium car-
bonate-based membrane method was performed
on each of the samples. The supernatants were
added to 33 mL of ice-cold 100 mM sodium car-
bonate and placed on a rocker at 4 °C for one
hour. Then the solution was ultra-centrifuged at
30000 rpm at 4 °C for one hour. Total protein
patterns in cell extracts were analyzed by one- di
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mensional polyacrylamide gel electrophoresis.
The gels were stained with silver nitrate

(Southey-Pillig et al., 2005; Wright et al., 2019).

3. Results

P. aeruginosa ATCC 27853 was examined un-
der an optical microscope after Gram staining, as
shown in Figure 1.

The biochemical characteristics of P. aerug-
inosa exposed to different ethanol concentra-
tions are shown in Table 1. P. aeruginosa cells
are resistant to ethanol concentrations up to 55%
(V/V), and after that, no growth was observed.
All biochemical tests were unaffected except
nitrate reduction and gas production, which be-
came negative after 25% (V/V) of ethanol.

Table 2 shows the effects of different pHs on
P, aeruginosa. Maximum tolerance was observed
at pH 3.0, and bacterial cell growth was inhibited
at lower pHs. Tables 3 and 4 show the effects of
different concentrations of sucrose and CoCl, on
P aeruginosa cells. Maximum tolerances to su-
crose and CoCl, were about 35% (W/V) and 7%
(W/V), respectively.

Fig. 1. Gram staining of P. aeruginosa ATCC 27853
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Table 1. Biochemical characteristics of Preudomonas aeruginosa ATCC 27833 under ethanol stress

Ethanol

Culture Medium 509 1599 25% 350 4599 50% 55090
Citrate + + + + + - -
Lysine decarboxylase - - - - - - -
Urease - - - - - - -
ME - - - - - - -
VP - - - - - - -

Indole
Motility + . . . . i i
Nitrate Reduction N . i i i i i
Gas Production + + - - - - -
Glil'SI] Alkaline Alkaline Alkaline Alkaline Alkaline - -
ucose

Ngte: - indicates non-growth. + indicates growth.

Table 2. Biochemical characteristics of Pseudomonas asruginosa ATCC 27853 under different pHs

Acidic pH

Culture Medium pH2.5 pH3 pH 4 pHE= rHG
Citrate - - - - .
Lysine decarboxylase - - - - -
Urease - - - - -
MR - - - - -
VP - - - - -
Indole - - - - -
Motility - - - - .
Nitrate reduction - - + + n
Gas Production - - -+ - .

Glucose(TSI) - - Alkaline Alkaline Alkaline

Note: - indicates non-growth. = indicates growth.

Table 3. Biochemical characteristics of Preudomonas agrugingsa ATCC 27853 under different sucrose concentrations
Sucrose Concentrations

Culture Medium 504 10%% 17% 24% 30% 2% 5%
Citrate - . R + + . N

Lysine decarboxylase - - - - - - -
Urease - - - - - - -

MR - - - - - - -

VP - - - - - - -

Indole - - - - - - -
Motility - - - - - - .
Nitrate reduction + + + + - - -

Gas Production + + + . - - -

Glucose (TSI Alkaline Alkaline Allaline Alkaline Alkaline Alkaline Alkaline

Nete: - indicates non-growth. + indicates growth.
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Table 4. Biochemical charactenistics of Preudomonas aeruginesa vnder different CoClz ool |entrations

CoClz Concentrations

Culture Medium 1% 304 Tl

Citrate + - -

Lysine decarboxylase - - -
Ureasze -
ME -
VP -
Indole -
Motility

Nitrate Reduction + + +

as Production +

Figure 2 shows the effects of different pH values on total proteins in P. aeruginosa cell extracts. As
shown by the decreasing pH values up to pH 3, the overall protein bands decrease significantly.

KDa  Marker  Pure pH6 pHS pH4 pH3
116

66.2

45
35

184

Fig. 2. Total protein profile of Pseudomonas aeruginosa ATCC 27853 at different pHs
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The protein profile of P. aeruginosa is significantly affected by increasing concentrations of ethanol

and CoCl,, as shown in Figures 3 and 4, respectively.

KDa  Marker Pure % 35 %45 % 50 %33

116

66.2

45
35

18.4 =
—

Fig. 3. Total protein profile of P. aeruginosa ATCC 27853 at different ethanol concentrations

KDa  Marker Pure % 1 % 3 % 7 %10

116

66.2

45

335
25

18.4

(L

i

|

Fig. 4. Total protein profile of P. aeruginosa ATCC 27853 at different CoCl2 concentrations
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Total protein concentrations vary upon exposure to different concentrations of sucrose, as shown in
Figure 5.

KDa Marker Pure %5 %17 % 24 % 30 %32 %35
116

66.2 —

45

35
25

18.4

Fig. 5. Total protein profile of P. aeruginosa ATCC 27853 at different sucrose concentrations.

Fig. 6. Scanning electron micrographs of P. aeruginosa ATCC27853 under different stress conditions. (A) Normal cells

without stress conditions; (B) Treated with ethanol at a concentration of 50% (V/V); and (C) treated with sucrose at a
concentration of 30% (W/V).
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4. Discussion

In this study, different stress conditions, in-
cluding temperature, osmotic, acidic, ethanol,
and heavy metals, were evaluated on P. aerugi-
nosa ATCC27853. Each stress condition affects
the cell size, colony morphology, and protein
profile of this bacterium. As we know, heat shock
protein formation is not limited to temperature
changes and is concerned with general responses
to all stress conditions. Also, heat shock proteins
play an important role in pathogenicity and ena-
ble bacteria to survive inside macrophages.

Cells exposed to increasing ethanol concentra-
tions showed significant changes in their protein
profiles. In 50% (V/V) ethanol concentration,
the total protein concentration of P. aerugino-
sa cells decreased, as shown in Figure 5(B). In
addition, the ability of P. aeruginosa to reduce
nitrate and produce gas ceased after 25% (V/V)
of ethanol concentration, as shown in Table 1.
Motility of cells was stopped after 45% (V/V) of
ethanol concentration due to the very low ability
of growth cells. By decreasing the pH values, the
ability of P. aeruginosa cells decreases signifi-
cantly, and below pH 4, no growth was observed
by this bacterium. Polyacrylamide gel electro-
phoresis showed only 2 and 1 bands at pH 4 and
pH 3, respectively (Figure 2). Scanning electron
micrograph of P. aeruginosa cells treated with
50% (V/V) presented in Figure 6(B), as shown,
wide morphological changes are seen in com-
parison to control Figure 6(A). The cells became
more elongated and pleomorphic.

Changes in biochemical characteristics of P.
aeruginosa ATCC27853 upon increasing con-
centrations of sucrose are shown in Table 3. The
ability of nitrate reduction and production of
gas were negative after 30% (W/V) of sucrose
concentration. Also, the total protein profile in
cell-free extract was significantly reduced after
24% sucrose concentration (Figure 5). Electron
micrographs of the cells treated with sucrose
concentration at 30% (W/V) are shown in Figure
6(C). The cells became very small and appeared
as cocci due to shrinking in response to increas-
ing osmolarity.

The effects of different concentrations of

CoCl, on the biochemical characterizations of
P aeruginosa ATCC27853 are shown in Table
4. As shown in the table, no significant changes
were observed in the biochemical characteristics
of this bacterium. After 7% ( W/V) CoCI2, no
growth was observed.

In a study by da Cruz Nizer et al. (2021), the
oxidative stress response in P. aeruginosa was
studied. They concluded that genes are often dif-
ferently expressed under oxidative stress condi-
tions, and the pathways and proteins employed
to sense and respond to oxidative stress influence
the pathogenicity and virulence of P. aeruginosa.
Expression of detoxifying enzymes, mainly cata-
lases, can be considered one of the main respons-
es under oxidative stress, and their synthesis is
controlled by several systems, such as quorum
sensing (QS) and diverse transcriptional regula-
tors.

The physiological responses of P. aeruginosa
PAOL1 to oxidative stress in controlled microaer-
obic and aerobic cultures were studied by Sabra
et al. (2002). They concluded that P. aerugino-
sa PAO1 prefers microaerobic conditions for
growth and expresses its virulence factors. PAO1
can create such growth conditions by at least two
mechanisms: (i) blockage of the transfer of oxy-
gen and (ii) formation of a polysaccharide cap-
sule. It is suggested that the blockage of oxygen
transfer may play an important role in the defense
of this pathogen against reactive oxygen species.

5. Conclusions

In general, environmental stresses showed ef-
fects on the growth pattern, biochemical profile,
and protein profile of P. aeruginosa ATCC 27853.
If these stresses are very intense and are induced
all at once, they will cause the death of bacteria,
but if they are affected slowly and over a longer
period, most bacteria will be able to repair the
damaged parts, and the growth of bacteria will
resume. The induction of environmental stresses
will activate many genes and, on the other hand,
cause the inactivation of a number of others, so
that the activated genes expression enables the
bacteria to survive in new conditions or develop
new capabilities. With the effects of a number of
stresses, the protein patterns change.
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Some proteins are lost or their expression re-
duced, and some are produced or their expression
increased compared to non-stress conditions, as
can be seen in polyacrylamide gel electrophore-
sis experiments.
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