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Acinetobacter baumannii, especially multidrug resistant Acinetobacter baumannii, is a
notable source of pressure in the areas of public health and antibiotic development. To
overcome this problem, attention has been focused on membrane proteins. Different
digestion methods and extraction detergents were examined for membrane proteome
sample preparation, and label-free quantitative and targeted proteome analyses of the
polymyxin B-induced Acinetobacter baumannii ATCC 19606 membrane proteome were
performed based on nano LC-MS/MS. Ultracentrifugation of proteins at a speed of
150,000×g, digestion by trypsin, filter-aided sample preparation, and detergents such as
lauryldimethylamine-N-oxide were proved as a fast and effective way for identification of
membrane proteome by nano LC-MS/MS. Upon treatment with polymyxin B, expression
levels of 15 proteins related to membrane structure, transporters, cell surface, and
periplasmic space were found to be significantly changed. Furthermore, targeted
proteome was also used to confirm these changes. A relatively rapid membrane
proteome preparation method was developed, and a more comprehensive view of
changes in the Acinetobacter baumannii membrane proteome under polymyxin B
pressure was obtained.
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INTRODUCTION

Acinetobacter baumannii (A. baumannii) is a Gram-negative bacterium that can cause serious
nosocomial infection (Lin and Lan, 2014) and has developed extensive antimicrobial resistance with
a high mortality rate (Vazquez-Lopez et al., 2020). The World Health Organization (WHO)
reported that A. baumannii was one of the most serious ESKAPE organisms (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, A. baumannii, Pseudomonas aeruginosa, and
Enterobacter cloacae) which could effectively escape the actions of antibacterial drugs (Boucher
et al., 2009). With the increase in multidrug resistance (MDR), A. baumannii showed resistance to
many first-line antibiotics, even colistin and polymyxin B (Olaitan et al., 2014).

In bacteria, approximately 20% to 30% of all genes encode membrane proteins. Membrane
proteins play vital roles not only in defense and immunity but also in essential physiological
functions, such as the generation or conversion of energy, the import or export of metabolites, the
extrusion of toxic substances or antibiotics, and the homeostasis of metal ions (Ansgar and Dirk, 2010).
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Many membrane proteins were found to be related to drug
resistance or potential therapeutic targets, such as OmpA in
A. baumannii (Bunpa et al., 2020).

In the past few decades, attention has been given to the
bacterial membrane proteins, and proteome techniques for the
detection of membrane proteins have been developed to help to
identify the classes of proteins. Previous studies reported that the
use of SDS-PAGE and LC-MS/MS to separate and detect
bacterial membrane proteins (Ghosh et al., 2008) and 135
membrane proteins and 23 periplasmic proteins in A.
baumannii ATCC 19606 were identified (De et al., 2011). Then
two-dimensional gel electrophoresis (2-DE) was used to improve
the separation efficiency, and 29 major protein spots were
selected for MS analysis (Cordwell, 2006; Marti et al., 2006). In
recent years, with the improvement of mass spectrometry,
shotgun proteomics based on peptide detection combined with
quantitative methods has been developed and widely used in
protein identification and the comparison of protein expression
levels (Boumediene and Boris, 2015). Currently, the quality and
quantity of protein identification are further improved with the
optimization of sample preparation methods such as filter-aided
sample preparation (FASP), and the emergence of high-
resolution mass spectrometers.

However, apart from the promotion of equipment andmethods
for detection, efficient and effective membrane protein extraction
methods are essential for membrane peptide/protein identification.
Characterization of the membrane proteome is challenging due to
the hydrophobic nature of membrane proteins. Techniques such as
density gradient centrifugation and ultracentrifugation have also
been developed to separate membrane complexes (Papanastasiou
et al., 2016). Amphiphilic molecules, such as detergents, are the
main reagents used to extract membrane proteins, which can
replace and imitate the stabilizing properties of natural
phospholipids to avoid irreversibly disrupting the protein
structure (Gao et al., 2017). According to the characteristics of
their polar groups, detergents are generally divided into ionic,
nonionic, and zwitterionic categories (Liu et al., 2015). Various
studies have evaluated the effectiveness of extraction for targeted
membrane proteins (Arachea et al., 2012). However, there are no
guidelines that can recommend which detergent is the most
effective for extracting a given protein class or total proteome
from the membrane. Therefore, although the use of detergent-
based proteomics analysis has produced a large amount of useful
data, there is still an urgent need for novel methods that are
effective for the overall membrane proteome and are not affected by
detergent side effects. In our study, we evaluated the effectiveness of
different digestion enzymes, digestion conditions, and detergents
[ionic (sodium deoxycholate, SDC), nonionic (dodecyl-b-D-
maltoside, DDM, or n-octyl-b-D-glucoside, OG), and
zwitterionic detergents (lauryldimethylamine-N-oxide, LDAO or
3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate,
CHAPS)] in A. baumannii membrane proteome analysis by nano
LC-high resolution MS and developed an effective and rapid
workflow for A. baumannii membrane proteome analysis.

Polymyxins have been treated as a last choice for the therapy
of serious infections caused by multidrug-resistant Gram-
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 2
negative bacteria, particularly A. baumannii (Nang et al.,
2021). Many studies have focused on the mechanism of
polymyxins in bacteria, and some have elucidated the
molecular and chemical interactions between polymyxins and
lipopolysaccharide structure (Ayoub Moubareck, 2020).
However, there is little research observing the effect of
polymyxin B on A. baumannii from the perspective of the
whole membrane proteome by high-resolution MS. Thus, in
our study, label-free quantitative proteome and parallel reaction
monitoring (PRM) targeted proteome were used to explore the
differentially expressed membrane proteins in polymyxin B
treated A. baumannii ATCC 19606.
MATERIAL AND METHODS

Bacterial Strains and Materials
Acinetobacter baumannii (A. baumannii) ATCC19606 was
purchased from American Type Culture Collection (ATCC)
(Manassas, USA). OG, LDAO, DDM, CHAPS, and SDC were
purchased from Sigma-Aldrich (St. Louis, MO). Trypsin Gold,
Mass Spectrometry Grade, and Trypsin/Lys-C Mix, Mass Spec
Grade, were purchased from Promega (WI, USA). Nanosep®

Centrifugal Devices with Omega™ Membrane 10K were
purchased from Pall Nanosep (Ann Arbor, MI).

Cell Culture and Sample Preparation
A. baumannii ATCC19606 was cultivated in Luria–Bertani (LB)
broth at 37°C with shaking (220 rpm) until OD600 reached 0.6.
Bacterial cells were harvested by centrifugation at 4,000×g for
10 min and washed with 0.85% NaCl. Bacterial precipitation was
frozen at -80°C until use. A. baumannii cells were resuspended in
Na2CO3 buffer (0.1 M) for sonication at 4°C. Cell debris was
removed by centrifugation (12,000×g for 10 min, 4°C).
Supernatants were transformed into thick-walled tube and
ultracentrifuged at 50,000 or 150,000×g for 30 min. The
previous steps were repeated twice to wash off non-membrane
proteins as much as possible. Then, the detergents (4% CHAPS,
1% DDM, 2% SDC, 0.5% OG, and 1% LDAO) were added and
incubated at 4°C overnight, after which ultracentrifugation was
performed at 50,000×g for 30 min. Suspensions were collected
for peptide preparation. After reduction by 10 mM dithiothreitol
(DTT) at 95°C for 5 min, proteins were precipitated by frozen
acetone and stored at -20°C for 30 min. Then, the precipitate was
redissolved by 50 mM ammonium bicarbonate, then digested in
solution by sequencing grade trypsin (1:50 w/w, Promega,
Madison, WI) or trypsin/Lys-C Mix (1:25 w/w, Promega,
Madison, WI) overnight at 37°C. For the FASP method,
precipitate redissolved by 50 mM ammonium bicarbonate were
transfer on ultrafiltration tube, centrifuged at 14,000×g for
30 min. Digestions were performed by microwaving for 2 min
and then overnight at 37°C in 50 µl 50 mM ammonium
bicarbonate with trypsin or trypsin/Lys-C Mix. Last, the
sample was desalted by C18 reverse-phase Tips (ReproSil-
Pur Basic C18, 5 µm, Dr. Maisch GmbH). For the study
on Acinetobacter baumannii treated with polymyxin B,
September 2021 | Volume 11 | Article 734578
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A. baumannii ATCC19606 was cultivated until OD600 reached
0.5, then polymyxin B was added (0.5 µg·ml-1) and bacteria
were cultivated at 37°C for 1.5 h. Four biological replicates were
performed, and both control and treatment groups were
collected and lysed. Ultracentrifugation of proteins at a speed
of 150,000×g, digestion by trypsin, filter-aided sample
preparation, and lauryldimethylamine-N-oxide were used for
membrane peptide acquisition.

Nano LC−MS/MS and Data Acquired
Samples were analyzed on a Thermo Scientific Orbitrap Fusion
Lumos platform. The trap and separation columns along with
the composition of solvent buffer A and B used in nano LC were
the same as previously reported (Lu et al., 2021). Furthermore, a
75-min elution method was set as follows; the gradient started
from 10% of solvent buffer B (80% acetonitrile with 0.1% formic
acid) and then from 10% to 13% of solvent buffer B for 4 min.
The gradient rose from 13% to 29% of solvent buffer B for 48 min
and from 29% to 37% for 14 min. Ultimately, the gradient
ascended to 100% of buffer B and was maintained for 9 min.
The scan parameters of MS1 and MS2 were set as previously
reported (Lu et al., 2021) with high energy collision-induced
dissociation (HCD) as the activation type and Orbitrap as the
detector. Data-dependent acquired data with four biological
replicates were collected and searched against the Acinetobacter
baumannii ATCC 19606 database downloaded from UniProt.
The search parameters were set as previously reported (Lu et al.,
2021), and the FDR was limited to a maximum of 0.01. Protein
identification and label-free quantification (LFQ) analysis were
all analyzed by Thermo Scientific™ Proteome Discoverer™

version 2.2 (PD2.2). The nano LC-MS/MS proteomics data
have been deposited to the ProteomeXchange Consortium via
the PRIDE (Perez-Riverol et al., 2019) partner repository with
the dataset identifier PXD026714.

Bioinformatics Analysis
The counts of protein groups, peptide groups, PSMs, and MS/MS
spectra were analyzed by PD 2.2, comparison between groups
were performed by t test or one-way ANOVA. Venn analysis was
used to compare the efficiency of different enzyme digestion
methods to identify proteins. GRAVY and amino acid
components were used to evaluate the peptides identified by
different detergents used in extraction (Gao et al., 2017). For
polymyxin B-induced A. baumannii ATCC19606, label-free
quantitative analysis was performed as previously reported (Lu
et al., 2021). In brief, missing value processing, CV limitation,
and hypothetical tests were applied and proteins with fold
change >1.5 and p < 0.05 were considered significantly
changed. Differentially expressed proteins were annotated and
clustered for enrichment by the Gene Ontology enrichment tool.
In view of the lack of the A. baumannii ATCC19606 KEGG
database, the database of A. baumannii AYE was used as both the
GO annotation and KEGG pathway databases were relatively
complete. The KEGG pathway database of A. baumannii AYE
was used to aid in discovering the affected pathways under
polymyxin B pressure.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
Targeted Proteome Analysis
PRM, a targeted proteome method that can be performed by the
nano LC-Orbitrap Fusion Lumos platform, was employed to
verify the differentially expressed proteins. The extraction and
preparation methods were the same with the label-free proteome
analysis, and four biological replicates were generated. More than
two peptides were selected for each protein, and peptides with
missed cleavage sites and amino acid residues susceptible to
modification such as M were excluded. Parameters of peptides
(retention time, precursor m/z, and charge state) were exported
by Skyline software according to the previous data-dependent
acquisition (DDA) experiments. Moreover, the nano LC
parameters were the same with that previously described. PRM
was monitored by an Orbitrap detector, and a 0.7-m/z isolation
window was used, as previously reported (Lu et al., 2021). PRM
results were analyzed by Skyline with DDA results served as
spectral library. Peptides were selected by t test with p-value <
0.05 and fold change >1.5.
RESULTS

Effects of Ultracentrifugation and
Digestion Enzymes on Membrane
Protein Identification
As shown in Figure 1, the number of protein groups, peptide
groups, PSM, and MS/MS spectra at the speed of 150,000×g were
higher than those obtained at 50,000×g. For membrane protein
identification, there were 241 proteins common across the two
groups, and 4 exclusive to the 50,000×g group and 19 exclusive to
the 150,000×g group (Supplementary Table 1). Digestion in
solution by trypsin was less effective than digestion on the
membrane by trypsin with fewer protein groups, peptide
groups, peptide spectrum match (PSM), and MS/MS spectrum
(Figure 2A). Interestingly, the addition of LysC did not improve
the digestion quality and quantity. Then, membrane proteins
identified in different groups were compared to obtain the counts
of overlap (Figure 2B and Supplementary Tables 2–4).

Detergent Efficiencies of Membrane
Protein and Peptide Identification
We investigated the performances of different detergents
including CHAPS, DDM, SDC, LDAO, and OG for membrane
protein lysis and extraction. First, as shown in Figure 3A, the
number of protein groups, peptide groups, and PSM of the
LDAO group were highest among the five groups, and
the number of MS/MS spectra in the DDM group was highest.
Then, the membrane proteins identified in different groups were
compared to acquire the numbers of overlaps (Figure 3B), 339
membrane proteins were identified in LDAO group, while 269,
330, 335, and 326 membrane proteins were identified in CHAPS,
DDM, DOC, and OG groups, respectively (Supplementary
Table 5). We further compared the amino acid distribution
and grand average of hydropathy (GRAVY) scores, and the
curves of amino acid distribution curves were similar among
September 2021 | Volume 11 | Article 734578
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groups (Figure 3C). Hydrophobic peptides (peptides with
positive GRAVY values) and hydrophilic peptides (peptides
with negative GRAVY values) were identified and classified, as
shown in Figure 3D. All groups showed a higher proportion of
hydrophilic peptides. Interestingly, the curves of the GRAVY
score for DDM and SDC were similar, while that of LDAO was
the highest.

Comparative Membrane Proteomics
Under Polymyxin B Pressure
Optimized membrane protein extraction and peptide preparation
methods were applied to the proteome analysis of polymyxin B-
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
induced A. baumannii ATCC 19606. A previous study has found
that polymyxin B inhibited A. baumannii ATCC 19606 at a
minimum inhibitory concentration (MIC) of 1 mg·ml-1 (Cui
et al., 2020). In our study, a sublethal concentration of
polymyxin B (0.5 mg·ml-1) was used and four biological
replicates were performed. In total, 2,000 proteins were
identified with a cutoff of FDR <0.01 (Supplementary Table 6).
Proteins with a CV value greater than 30% and a large proportion
of missing values were excluded, and 421 membrane proteins
(Supplementary Table 7) including membrane structure proteins
and proteins located in the cell surface or periplasmic space and
transporter were identified in both groups. Good repeatability was
A B

FIGURE 1 | Analysis results for ultracentrifugation at the speed of 150,000×g and 50,000×g (A) The counts of total protein groups, peptide groups, PSM, and MS/
MS spectrum at speeds of 150,000×g and 50,000×g; comparison between groups was performed by t test, (*) p < 0.05. (B) Venn plot of membrane proteins
identified at speeds of 150,000×g(N15) and 50,000×g(N5).
A B

FIGURE 2 | Analysis results for different digestion methods. (A) Counts of total protein groups, peptide groups, PSM, and MS/MS spectrum of trypsin and trypsin-
LysC digestion in solution or by FASP; comparison between groups was performed by one-way ANOVA, (***) p < 0.001, (****) p < 0.0001. (B) Venn plot of
membrane proteins identified of trypsin (TRP) and trypsin-LysC digestion (TRPC) in solution or trypsin (MTRP) and trypsin-LysC digestion (MTRPC) by FASP.
September 2021 | Volume 11 | Article 734578
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verified by linear correlations with R2 > 0.9 (Supplementary
Figure 1). The expression levels of 15 membrane proteins were
identified as significantly changed under polymyxin B pressure
(Figure 4A) based on a max fold change > 1.5 and adjusted p value
(p < 0.05). The expression levels of 11 membrane-related proteins
reduced while 4 proteins increased under polymyxin B pressure.

All 15 significantly changed membrane proteins
(Supplementary Table 8) were analyzed by gene ontology (GO)
annotation enrichment and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment. As shown in
Supplementary Figure 2, most of the enriched proteins were
related to transport, localization, cellular anatomical entity,
membrane, binding, etc. Due to the lack of the KEGG pathway
database of A. baumannii ATCC19606, we aligned all the proteins
to A. baumannii strain AYE to perform the KEGG pathway
enrichment. According to the analysis results, D0CAD3 and
D0C805 were involved in the ABC transporter pathway while
D0CBP8 and D0C805 were involved in the two-component
system pathway, indicating the extensive effects of polymyxin B
on the membrane proteins of A. baumannii ATCC19606. We
further quantified 5 proteins with 15 peptides (Supplementary
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
Table 9, Figure 4B) as significantly differentially expressed
proteins (p value < 0.05 and fold change >1.5) by PRM
targeted proteomics.

Discussion
Recently, given the confirmation of the roles of cell membrane
proteins in bacterial survival, defense, immunity, and drug
resistance, interest has been focused on bacterial cell
membrane proteins (Ansgar and Dirk, 2010). However, the
complexity and specificity of membrane protein structures
limit the extraction efficiency, and effective methods need to be
developed. Moreover, the low abundance of membrane proteins
and separation methods such as 1-DE or 2-DE has led to a
limited number of identified proteins (Cordwell, 2006). As
quantitative proteomics based on LC-high resolution MS has
been widely used in studies related to pathogenic microorganism,
compatible bacterial membrane extraction and preparation
methods need to be developed.

In our study, ultracentrifugation combined with Na2CO3

was used to separate membrane proteins (Zhang et al., 2008).
The extraction efficiency of proteins and peptides at a speed of
A B

C D

FIGURE 3 | The performances of CHAPS, DDM, SDC, LDAO, and OG for membrane protein lysis and extraction. (A) The identified counts of total protein groups,
peptide groups, PSM, and MS/MS spectrum using different detergents; comparison between groups was performed by one-way ANOVA, (**) p < 0.01, (****) p <
0.0001. (B) Venn plot of membrane proteins identified using different detergents. (C) Amino acid distribution of peptides identified using different detergents.
(D) GRAVY values of peptides identified using different detergents.
September 2021 | Volume 11 | Article 734578
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150,000×g was much higher than that at a speed of 50,000×g.
Different protein digestion methods were also verified, and the
digestion efficiency of by the FASP method was much higher
than that of the in-solution digestion. Moreover, although
studies have determined that LysC could help improve the
digestion efficiency of the total proteins (Hakobyan et al., 2019),
for membrane proteins, LysC decreased the digestion efficiency
of both the FASP and in-solution digestion methods. We
further classified the proteins by GO annotation enrichment.
A total of 245 and 260 membrane proteins were obtained
separately at speeds of 50,000×g and 150,000×g, respectively.
A total of 252, 218, 314, and 289 membrane proteins were
acquired separately for the trypsin (in solution), trypsin-LysC
(in solution), trypsin-FASP, and trypsin-LysC-FASP
methods, respectively.

Detergents are commonly used in membrane protein
extraction. DDM is a mild detergent with the ability to
purify membrane proteins and solubilize hydrophobic
proteins without changing their structures (Liu et al., 2015;
Lu et al., 2021). SDC, which is friendly to trypsin and can be
removed easily from the peptides solution, demonstrated
good ability in membrane protein extraction (Moore et al.,
2016). CHAPS, LDAO, and OG were commonly used in
proteome extraction (Arachea et al., 2012). In our study, we
evaluated the extraction efficiencies of CHAPS, DDM, SDC,
LDAO, and OG on the A. baumannii membrane proteome.
To be consistent, all detergents were removed by acetone
precipitation. As shown in Figure 3A, the extraction
efficiencies of DDM, SDC, and LDAO were much higher
than those of CHAPS and OG. Peptides identified in five
groups were also analyzed. Amino acid distributions of the five
groups were similar. For GRAVY values, as shown in Figure 3D,
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
the peptides were mainly distributed in three sections: (−1.0, −0.5],
(−0.5, 0], and (0, 0.5]. The range of the peptides identified
indicated that both hydrophobicity and hydrophilicity could be
identified by the five detergents. The counts of peptides obtained
with LDAO were highest in all sections, which suggested that
LDAO was the most efficient detergent. According to the GO
enrichment results, 269, 330, 335, 339, and 326 membrane
proteins were acquired separately for CHAPS, DDM, SDC,
LDAO, and OG, indicating the different extraction abilities of
the membrane proteins of the five detergents. Previous studies
have reported that DDM is a detergent that has little influence on
the enzyme activity and does not need to be removed from
samples for proteomic analysis (Liu et al., 2015). Furthermore,
SDC can precipitate in 1% formic acid (Lu et al., 2021), which can
be easily separated from the peptide buffer. In view of the peptide
loss that may be caused by detergent removal, SDC and DDM can
also be considered as preferred detergents for the extraction of
membrane proteins.

As the last-resort antibiotics for the treatment of MDR
Gram-negative bacteria, polymyxin B has received notable
attention. Previous studies have reported partial mechanisms
of action of polymyxin B on Gram-negative bacteria, such as
binding to LPS and oxidative bursts. Recently, outer membrane
vesicles (OMVs) released from A. baumannii were reported as
decoys against polymyxin B, whose production is linked to
membrane-linkage proteins (Park et al., 2021). However, the
mechanism of action of polymyxin B in A. baumannii, which
can live without LPS, still needs to be explored. In our research,
the membrane proteome changes of polymyxin B-induced A.
baumannii ATCC 19606 were studied based on nano LC
combined with high-resolution MS. Compared to the control
group, 15 significantly differentially expressed proteins were
A B

FIGURE 4 | Label-free quantitative analysis of polymyxin B-induced (A) baumannii ATCC19606. (A) Volcano plot of scaled values for proteins. Red indicates
upregulation, and green indicates downregulation. (B) Chromatogram of PRM fragment ions for VLDLAVR and the peak area comparison of polymyxin B-treated and
untreated groups. Control groups: C1, C2, C3, and C4; polymyxin B-treated groups: R1, R2, R3, and R4.
September 2021 | Volume 11 | Article 734578

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Lu et al. Membrane Proteome of A. baumannii
acquired and clustered by bioinformatics methods. Among the
15 membrane proteins, the reduced expression of SurA
(D0C7T2), which is important for the biogenesis of b-barrel
outer membrane proteins (OMPs), would damage the
homeostasis and functions of the cell envelope (Behrens-
Kneip, 2010; Humes et al., 2019). The expression level of
OmpA family protein (D0C8N6), a major component of
OMPs, is suppressed, which interrupts bacterial antibiotic
resistance, infection, and immunomodulation (Bunpa et al.,
2020). What is more, OmpA was reported to be identified in the
colistin-resistant Enterobacter asburiae (Ayoub Moubareck,
2020), indicating the potential important roles of OmpA in
the mechanism of actions and resistance development. The
reduced expression level of glutamate/aspartate transport
system permease protein GltK(D0C805) will affect the
glutamate/aspartate uptake and metabolism and bile
resistance (Zhang et al., 2013). The reduced expression level
of CsgG (D0CE32) lowers the curli biogenesis and affects the
biofilm formation (Zhang et al., 2020). The suppressed
expression level of the TonB-dependent siderophore receptor
(D0CC21) affects iron ion homeostasis (Fujita et al., 2019).
Moreover, the downregulation of putative ATP synthase F0
(D0C7A7), C4-dicarboxylate transporter (D0CF35), and
carbonate dehydratase (D0CCK7) influences the membrane
transport, energy consume and metabolism. The reduced
expression levels of two proteins, which were located in
periplasmic space (D0CBP8, periplasmic serine endoprotease
DegP-l ike ; D0CBL3, Tol-Pal system protein TolB)
(Supplementary Table 8), indicated the destruction of the
periplasmic space. Moreover, the reduced expression level of
tolB affects the Tol-Pal system, secretion of EspA/B, and
infection (Hirakawa et al., 2020). Interestingly, the expression
levels of three proteins increased in the polymyxin B-treated
group, including signal peptide peptidase SppA (D0CBY0),
GTPase Era (D0CBQ4), and MacB (D0CAD3), part of the
MacAB-TolC complex. A previous study suggested that R-
LPS, which can be bound by polymyxin B, is a physiological
substrate of MacAB-TolC (Lu and Zgurskaya, 2013). However,
due to the imperfect KEGG pathway database (A. baumannii
strain AYE), only D0CAD3 and D0C805 were involved in the
ABC transporter pathway while D0CBP8 and D0C805 were
involved in the two-component system pathway. The upstream
and downstream genes of the pathway are currently not
annotated in the A. baumannii ATCC 19606 genome, which
hindered us from further verifying the pathway affected by
polymyxin B.

In general, the membrane proteome based on nano LC-
MS/MS is an effective tool for research related to membrane
proteins. As mentioned above, we developed a relatively rapid
membrane protein extraction and preparation method, but
there were still many non-membrane proteins mixed in,
partially because of the super-high identification ability of
high-resolution MS. According to the label-free results, the
abundance of membrane-related proteins is about 50% of the
total abundance of each group. The purity can meet the needs of
the proteome analysis at present, but better extraction methods
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
should be explored. Moreover, our study found that polymyxin B
could decrease the expression of many membrane proteins,
including inner, outer, and trans-membrane proteins, which
provided new evidence for the mechanism of actions of
polymyxin B on the A. baumannii ATCC 19606 membrane. In
turn, the discovery of targets will further promote the
development of new antibiotics.

In summary, a relatively rapid membrane proteome sample
preparation method of A. baumannii was built and applied for
nano LC-MS/MS analysis. Through optimized quantitative
membrane proteome analysis, 15 membrane proteins were
found to be significantly changed under the pressure of
polymyxin B, which gives us a better understanding of the
role of polymyxin B and can help us further discover the
mechanism of action of polymyxin B from the perspective of
membrane proteins.
DATA AVAILABILITY STATEMENT

The data presented in the study are deposited in the PRIDE
repository, accession number PXD026714. The names of the
repository/repositories and accession number(s) can be found in
the article/Supplementary Material.
AUTHOR CONTRIBUTIONS

Conceptualization, XFY and YL. Methodology, YL. Software, YL.
Validation, YL and TN. Resources, XH. Data curation, YL.
Writing—original draft preparation, YL. Writing—review and
editing, XFY, XYY, and CL. Visualization, YL. Supervision, XH.
Project administration, XFY. funding acquisition, XFY and YL.
All authors contributed to the article and approved the
submitted version.
FUNDING

This research was funded by the National Natural Science
Foundation of China (grant numbers 81803593, 81621064),
the CAMS Initiative for Innovative Medicine (grant number
2016-I2M-3-014), the National Mega-project for Innovative
Drugs (grant number 2019ZX09721001), the MOST/MOF
Funds for the National Science and Technology Resource
Sharing Service Platform, China (2019-194-NPRC), and the
Fundamental Research Funds for the Central Universities
(grant number 3332018094).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.2021.
734578/full#supplementary-material
September 2021 | Volume 11 | Article 734578

https://www.frontiersin.org/articles/10.3389/fcimb.2021.734578/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2021.734578/full#supplementary-material
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Lu et al. Membrane Proteome of A. baumannii
REFERENCES

Ansgar, P., and Dirk, W. (2010). Bacterial Membrane Proteomics. Proteomics 8
(19), 4100–4122. doi: 10.1002/pmic.200800273

Arachea, B. T., Sun, Z., Potente, N., Malik, R., Isailovic, D., and Viola, R. E. (2012).
Detergent Selection for Enhanced Extraction of Membrane Proteins. Protein
Expr. Purif. 86 (1), 12–20. doi: 10.1016/j.pep.2012.08.016

Ayoub Moubareck, C. (2020). Polymyxins and Bacterial Membranes: A Review of
Antibacterial Activity and Mechanisms of Resistance. Membranes (Basel) 10
(8), 181. doi: 10.3390/membranes10080181

Behrens-Kneip, S. (2010). The Role of SurA Factor in Outer Membrane Protein
Transport and Virulence. Int. J. Med. Microbiol. 300 (7), 421–428. doi: 10.1016/
j.ijmm.2010.04.012

Boucher, H. W., Talbot, G. H., Bradley, J. S., Edwards, J. E., Gilbert, D., Rice, L. B.,
et al. (2009). Bad Bugs, No Drugs: No ESKAPE! An Update From the
Infectious Diseases Society of America. Clin. Infect. Dis. 48 (1), 1–12.
doi: 10.1086/595011

Boumediene, S., and Boris, M. (2015). Global Analysis of Bacterial Membrane
Proteins and Their Modifications. Int. J. Med. Microbiol. JMM 305 (2), 203–
208. doi: 10.1016/j.ijmm.2014.12.017

Bunpa, S., Chaichana, N., Teng, J. L. L., Lee, H. H., Woo, P. C. Y.,
Sermwittayawong, D., et al. (2020). Outer Membrane Protein A
(OmpA) Is a Potential Virulence Factor of Vibrio Alginolyticus Strains
Isolated From Diseased Fish. J. Fish Dis. 43 (2), 275–284. doi: 10.1111/
jfd.13120

Cordwell, S. J. (2006). Technologies for Bacterial Surface Proteomics. Curr. Opin.
Microbiol. 9 (3), 320–329. doi: 10.1016/j.mib.2006.04.008

Cui, A. L., Hu, X. X., Chen, Y., Jin, J., Yi, H., Wang, X. K., et al. (2020). Design,
Synthesis, and Bioactivity of Cyclic Lipopeptide Antibiotics With Varied
Polarity, Hydrophobicity, and Positive Charge Distribution. ACS Infect. Dis.
6 (7), 1796–1806. doi: 10.1021/acsinfecdis.0c00056

De, E., Cosette, P., Coquet, L., Siroy, A., Alexandre, S., Duncan, A., et al. (2011).
Membrane Proteomes of Pseudomonas Aeruginosa and Acinetobacter
Baumannii. Pathol. Biol. (Paris) 59 (6), e136–e139. doi: 10.1016/j.patbio.
2009.10.005

Fujita, M., Mori, K., Hara, H., Hishiyama, S., Kamimura, N., and Masai, E. (2019).
A TonB-Dependent Receptor Constitutes the Outer Membrane Transport
System for a Lignin-Derived Aromatic Compound. Commun. Biol. 2, 432.
doi: 10.1038/s42003-019-0676-z

Gao, J., Zhong, S., Zhou, Y., He, H., Peng, S., Zhu, Z., et al. (2017). Comparative
Evaluation of Small Molecular Additives and Their Effects on Peptide/Protein
Identification. Anal. Chem. 89 (11), 5784–5792. doi: 10.1021/acs.analchem.
6b04886

Ghosh, D., Beavis, R. C., and Wilkins, J. A. (2008). The Identification and
Characterization of Membranome Components. J. Proteome Res. 7 (4),
1572–1583. doi: 10.1021/pr070509u

Hakobyan, A., Schneider, M. B., Liesack, W., and Glatter, T. (2019). Efficient
Tandem LysC/Trypsin Digestion in Detergent Conditions. Proteomics 19 (20),
e1900136. doi: 10.1002/pmic.201900136

Hirakawa, H., Suzue, K., Takita, A., Awazu, C., Kurushima, J., and Tomita, H.
(2020). Roles of the Tol-Pal System in the Type III Secretion System and
Flagella-Mediated Virulence in Enterohemorrhagic Escherichia Coli. Sci. Rep.
10 (1), 15173. doi: 10.1038/s41598-020-72412-w

Humes, J. R., Schiffrin, B., Calabrese, A. N., Higgins, A. J., Westhead, D. R.,
Brockwell, D. J., et al. (2019). The Role of SurA PPIase Domains in Preventing
Aggregation of the Outer-Membrane Proteins Tompa and OmpT. J. Mol. Biol.
431 (6), 1267–1283. doi: 10.1016/j.jmb.2019.01.032

Lin, M. F., and Lan, C. Y. (2014). Antimicrobial Resistance in Acinetobacter
Baumannii: From Bench to Bedside. World J. Clin. Cases 2 (12), 787–814.
doi: 10.12998/wjcc.v2.i12.787

Liu, J., Wang, F., Mao, J., Zhang, Z., Liu, Z., Huang, G., et al. (2015). High-
Sensitivity N-Glycoproteomic Analysis of Mouse Brain Tissue by Protein
Extraction With a Mild Detergent of N-Dodecyl Beta-D-Maltoside. Anal.
Chem. 87 (4), 2054–2057. doi: 10.1021/ac504700t
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
Lu, Y., Pang, J., Wang, G., Hu, X., and You, X. (2021). Quantitative Proteomics
Approach to Investigate the Antibacterial Response of Helicobacter Pylori to
Daphnetin, a Traditional Chinese Medicine Monomer. RSC Adv. 11 (4), 2185–
2193. doi: 10.1039/D0RA06677J

Lu, S., and Zgurskaya, H. I. (2013). MacA, a Periplasmic Membrane Fusion
Protein of the Macrolide Transporter MacAB-TolC, Binds Lipopolysaccharide
Core Specifically and With High Affinity. J. Bacteriol. 195 (21), 4865–4872.
doi: 10.1128/JB.00756-13

Marti, S., Sanchez-Cespedes, J., Oliveira, E., Bellido, D., Giralt, E., and Vila, J. (2006).
Proteomic Analysis of a Fraction Enriched in Cell Envelope Proteins of
Acinetobacter Baumannii. Proteomics 6 (Suppl 1), S82–S87. doi: 10.1002/
pmic.200500323

Moore, S. M., Hess, S. M., and Jorgenson, J. W. (2016). Extraction, Enrichment,
Solubilization, and Digestion Techniques for Membrane Proteomics.
J. Proteome Res. 15 (4), 1243–1252. doi: 10.1021/acs.jproteome.5b01122

Nang, S. C., Azad, M. A. K., Velkov, T., Zhou, Q. T., and Li, J. (2021). Rescuing the
Last-Line Polymyxins: Achievements and Challenges. Pharmacol. Rev. 73 (2),
679–728. doi: 10.1124/pharmrev.120.000020

Olaitan, A. O., Morand, S., and Rolain, J. M. (2014). Mechanisms of Polymyxin
Resistance: Acquired and Intrinsic Resistance in Bacteria. Front. Microbiol. 5,
643. doi: 10.3389/fmicb.2014.00643

Papanastasiou, M., Orfanoudaki, G., Kountourakis, N., Koukaki, M., Sardis, M. F.,
Aivaliotis, M., et al. (2016). Rapid Label-Free Quantitative Analysis of the E.
Coli BL21(DE3) Inner Membrane Proteome. Proteomics 16 (1), 85–97.
doi: 10.1002/pmic.201500304

Park, J., Kim, M., Shin, B., Kang, M., Yang, J., Lee, T. K., et al. (2021). A Novel
Decoy Strategy for Polymyxin Resistance in Acinetobacter Baumannii. Elife 10,
e66988. doi: 10.7554/eLife.66988

Perez-Riverol, Y., Csordas, A., Bai, J., Bernal-Llinares, M., Hewapathirana, S.,
Kundu, D. J., et al. (2019). The PRIDE Database and Related Tools and
Resources in 2019: Improving Support for Quantification Data. Nucleic Acids
Res. 47 (D1), D442–D450. doi: 10.1093/nar/gky1106

Vazquez-Lopez, R., Solano-Galvez, S. G., Juarez Vignon-Whaley, J. J., Abello
Vaamonde, J. A., Padro Alonzo, L. A., Rivera Resendiz, A., et al. (2020).
Acinetobacter Baumannii Resistance: A Real Challenge for Clinicians.
Antibiotics (Basel) 9 (4), 205. doi: 10.3390/antibiotics9040205

Zhang, X., Bierschenk, D., Top, J., Anastasiou, I., Bonten, M. J., Willems, R. J., et al.
(2013). Functional Genomic Analysis of Bile Salt Resistance in Enterococcus
Faecium. BMC Genomics 14, 299. doi: 10.1186/1471-2164-14-299

Zhang, L., Jia, X., Liu, X., Sheng, T., Cao, R., He, Q., et al. (2008). Dataset of the
Plasma Membrane Proteome of Nasopharyngeal Carcinoma Cell Line HNE1
for Uncovering Protein Function. Acta Biochim. Biophys. Sin. (Shanghai) 40
(1), 55–70. doi: 10.1111/j.1745-7270.2008.00374.x

Zhang, M., Shi, H., Zhang, X., Zhang, X., and Huang, Y. (2020). Cryo-EM
Structure of the Nonameric CsgG-CsgF Complex and Its Implications for
Controlling Curli Biogenesis in Enterobacteriaceae. PloS Biol. 18 (6), e3000748.
doi: 10.1371/journal.pbio.3000748

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Lu, Hu, Nie, Yang, Li and You. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
September 2021 | Volume 11 | Article 734578

https://doi.org/10.1002/pmic.200800273
https://doi.org/10.1016/j.pep.2012.08.016
https://doi.org/10.3390/membranes10080181
https://doi.org/10.1016/j.ijmm.2010.04.012
https://doi.org/10.1016/j.ijmm.2010.04.012
https://doi.org/10.1086/595011
https://doi.org/10.1016/j.ijmm.2014.12.017
https://doi.org/10.1111/jfd.13120
https://doi.org/10.1111/jfd.13120
https://doi.org/10.1016/j.mib.2006.04.008
https://doi.org/10.1021/acsinfecdis.0c00056
https://doi.org/10.1016/j.patbio.2009.10.005
https://doi.org/10.1016/j.patbio.2009.10.005
https://doi.org/10.1038/s42003-019-0676-z
https://doi.org/10.1021/acs.analchem.6b04886
https://doi.org/10.1021/acs.analchem.6b04886
https://doi.org/10.1021/pr070509u
https://doi.org/10.1002/pmic.201900136
https://doi.org/10.1038/s41598-020-72412-w
https://doi.org/10.1016/j.jmb.2019.01.032
https://doi.org/10.12998/wjcc.v2.i12.787
https://doi.org/10.1021/ac504700t
https://doi.org/10.1039/D0RA06677J
https://doi.org/10.1128/JB.00756-13
https://doi.org/10.1002/pmic.200500323
https://doi.org/10.1002/pmic.200500323
https://doi.org/10.1021/acs.jproteome.5b01122
https://doi.org/10.1124/pharmrev.120.000020
https://doi.org/10.3389/fmicb.2014.00643
https://doi.org/10.1002/pmic.201500304
https://doi.org/10.7554/eLife.66988
https://doi.org/10.1093/nar/gky1106
https://doi.org/10.3390/antibiotics9040205
https://doi.org/10.1186/1471-2164-14-299
https://doi.org/10.1111/j.1745-7270.2008.00374.x
https://doi.org/10.1371/journal.pbio.3000748
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	Strategies for Rapid Identification of Acinetobacter baumannii Membrane Proteins and Polymyxin B’s Effects
	Introduction
	Material and Methods
	Bacterial Strains and Materials
	Cell Culture and Sample Preparation
	Nano LC&minus;MS/MS and Data Acquired
	Bioinformatics Analysis
	Targeted Proteome Analysis

	Results
	Effects of Ultracentrifugation and Digestion Enzymes on Membrane Protein Identification
	Detergent Efficiencies of Membrane Protein and Peptide Identification
	Comparative Membrane Proteomics Under Polymyxin B Pressure
	Discussion

	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


