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Abstract

Capsular polysaccharides are considered as major virulence factors associated with the
ability of multidrug-resistant (MDR) Acinetobacter baumanniito cause severe infections. In
this study, LysAB1245, a novel bacteriophage-encoded endolysin consisting of a lysozyme-
like domain from phage T1245 was successfully expressed, purified, and evaluated for its
antibacterial activity against distinct capsular types associated with A. baumannii resistance.
The results revealed a broad spectrum activity of LysAB1245 against all clinical MDR A.
baumanniiisolates belonging to capsular type (KL) 2, 3, 6, 10, 47, 49, and 52 and A. bau-
mannii ATCC 19606. At 2 h following the treatment with 1.7 unit/reaction of LysAB1245,
more than 3 log reduction in the numbers of bacterial survival was observed. In addition,
LysAB1245 displayed rapid bactericidal activity within 30 min (nearly 3 log CFU/mL of bacte-
rial reduction). Thermostability assay indicated that LysAB1245 was stable over a broad
range of temperature from 4 to 70°C, while pH sensitivity assay demonstrated a wide range
of pH from 4.5 to 10.5. Furthermore, both minimal inhibitory concentration (MIC) and mini-
mal bactericidal concentration (MBC) of LysAB1245 against all MDR A. baumanniiisolates
and A. baumannii ATCC 19606 were 4.21 ug/mL (0.1 unit/reaction). Conclusively, these
results suggest that LysAB1245 possesses potential application for the treatment of noso-
comial MDR A. baumanniiinfections.

Introduction

Recently, an outbreak of A. baumannii infections in coronavirus disease 2019 (COVID-19)
patients has been reported [1-3], resulting in increased morbidity and mortality rates as well
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as high treatment costs. This emerging pathogen is responsible for several healthcare-associ-
ated infections, such as bacteremia, ventilator-associated pneumonia, urinary tract infections,
burn and wound infections, and meningitis [4-7]. Nosocomial A. baumannii infections usu-
ally correlate with the production of capsular polysaccharide (CPS), which plays an important
role in bacterial pathogenesis by protecting from environmental stresses, antimicrobial pene-
tration, and host immune responses [8,9]. In 2019, more than 100 distinct capsular types (KL)
of A. baumannii were discovered, with the variations in K unit structures and sugar composi-
tion [10]. In a previous study, three capsular genotypes, including KL6, 10, and 47, showed a
frequency more than 10% among A. baumannii isolates from three tertiary care hospitals in
Thailand [11]. Moreover, carbapenem-resistant A. baumannii isolates belonging to KL2, 10,
22, and 52 showed higher incidence and mortality rates than isolates belonging to other KL
groups [12]. Nowadays, isolates of A. baumannii rapidly develop resistance to several currently
employed antibiotics, including carbapenems, aminoglycosides and polymyxin [13-18].
Therefore, novel and effective antibacterial agents targeting emerging antibiotic-resistant A.
baumannii strains are urgently required.

Bacteriophages (phages) are known as natural enemies of bacteria that have no harmful
effects on the human microbiome. Therefore, the use of bacteriophages has been considered
as an alternative therapeutic option for drug-resistant A. baumannii infections [19,20].
Moreover, phage-encoded enzymes, such as endolysins, are are effective in eradicating or
reducing antibiotic-resistant pathogenic bacteria [21,22]. Endolysins are peptidoglycan lytic
enzymes capable of breaking down bacterial cell walls, and these enzymes can be used as
recombinant proteins to attack invading bacterial cells. Endolysins are widely used as anti-
bacterial agents due to their major advantages over phages and antibiotics, including rapid
killing activity, high efficiency, and a broad spectrum of lytic activity against pathogenic
bacteria without showing toxicity on human cells [23-25]. In addition, the C-terminal cell
wall binding domain of phage-encoded endolysin is responsible for rapid kinetic, which is
highly specific to the peptidoglycan of bacterial cells and poses a low risk of resistance devel-
opment [26,27].

In our previous study, a novel virulent phage T1245 specifically infecting A. baumannii
with KL10 was isolated, characterized, and subjected to biological property tests and whole
genome sequencing [28]. However, it is necessary to evaluate the antibacterial activity of its
endolysin. In this study, the gene-encoding endolysin of phage T1245, named LysAB1245 was
cloned into the expression vector, expressed, and produced as purified proteins. Purified endo-
lysin, LysAB1245 was tested for its catalytic properties against different major capsular types
associated with A. baumannii resistance. Overall, this study aimed to produce a protein suit-
able for further development as an alternative antibacterial agent against MDR A. baumannii
isolates belonging to common capsular types.

Materials and methods
Bacteria, bacteriophage, and culture conditions

The bacterial strains, phage, plasmids, and primers used in this study are listed in Table 1. All
MDR A. baumannii strains belonged to sequence type 2 with different major capsular types,
including KL2, 3, 6, 10, 47, 49, and 52. All bacteria were inoculated in Luria Bertani (LB) broth
or LB agar (Difco Laboratories, Detroit, MI, USA) at 37°C and maintained in 20% glycerol (v/
v) at -80°C for long-term storage. This study was approved by the Human Research Ethics
Committee (HREC) of the Faculty of Medicine at Prince of Songkla University (reference
number: 64-284-14-1).
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Table 1. Bacterial strains, bacteriophage, plasmids, and oligonucleotide primers.

Strain, plasmid, phage, or primer

Relevant characteristic(s), description, or sequence

Source or reference

Strains

A. baumannii ABMYH-1245

Multidrug-resistant, clinical isolate with KL10; primary host bacteria of phage T1245

[11]

A. baumannii ABAPSP-55

Multidrug-resistant, clinical isolate with KL10

[11]

A. baumannii ABAPSP-64
A. baumannii ABMYSP-109

Multidrug-resistant, clinical isolate with KL10 Multidrug-resistant, clinical isolate with KL10

(11]

A. baumannii ABMYSP-101 Multidrug-resistant, clinical isolate with KL10 [11]
A. baumannii ABMYSP-182 Multidrug-resistant, clinical isolate with KL10 [11]
A. baumannii AB1039 Multidrug-resistant, clinical isolate with KL2 [11]
A. baumannii AB3396 Multidrug-resistant, clinical isolate with KL2 [11]
A. baumannii ABJ]NH-403 Multidrug-resistant, clinical isolate with KL3 [11]
A. baumannii ABMYSP-185 Multidrug-resistant, clinical isolate with KL6 [11]
A. baumannii ABMYSP-210 Multidrug-resistant, clinical isolate with KL6 [11]
A. baumannii ABMYSP-216 Multidrug-resistant, clinical isolate with KL6 [11]
A. baumannii ABMYSP-419 Multidrug-resistant, clinical isolate with KL6 [11]
A. baumannii ABMYH-1033 Multidrug-resistant, clinical isolate with KL6 [11]
A. baumannii AB15 Multidrug-resistant, clinical isolate with KL47 [11]
A. baumannii ABAPP-61 Multidrug-resistant, clinical isolate with KL47 [11]
A. baumannii AB724 Multidrug-resistant, clinical isolate with KL49 [11]
A. baumannii AB2792 Multidrug-resistant, clinical isolate with KL49 [11]
A. baumannii ABMYSP-21 Multidrug-resistant, clinical isolate with KL52 [11]
A. baumannii ABMYSP-444 Multidrug-resistant, clinical isolate with KL52 [11]

E. coli Top10 Laboratory strain for TA cloning use Invitrogen, San Diego, USA
E. coli BL21 (DE3 Laboratory strain for protein expression Invitrogen, San Diego, USA
Plasmids

pGEM-T-easy 3,015-bp E. coli vector, Ampr, Plac, lacZ Promega, San Diego, USA
pET30b(+) Expression vector; 5,421-bp E. coli vector, Kmr, PT7, His-Tag Novagen, Wisconsin, USA
Phages

A. baumannii phage T1245 Accession No. ERS3583556 [28]

Primers

Forward primer: FP-EcoRIEndo GAATTCGATGATTCTGACTARAGACGG This study

Reverse primer: RP-XholEndo CTCGAGTAAGCTCCGTAGAG This study

https://doi.org/10.1371/journal.pone.0296453.t001

Bioinformatics analysis

The whole genome of phage T1245 was deposited in GenBank under accession number
ERS3583556. The gene-encoding endolysin (LysAB1245) in phage T1245 was blasted in the
NCBI protein database (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Amino acid sequences of
LysAB1245 and other reported Acinetobacter phage endolysins were aligned using ClustalO-
mega multiple sequence alignment (https://www.ebi.ac.uk/Tools/msa/clustalo/).

Construction of LysAB1245 expression vector

LysAB1245-encoding gene in phage T1245 was amplified by polymerase chain reaction (PCR).
Gene information and the PCR primers are listed in Table 1. LysAB1245, 569-bp PCR prod-
ucts were purified using the GenepHlowTM Gel/PCR Cleanup Kit (Geneaid, Taiwan). Puri-
fied LysAB1245 gene was cloned into the pPGEM-T cloning vector according to standard
procedures [29]. Ligation reaction was performed and transformed into Escherichia coli Top
10 by heat shock method. The transformed cells were plated onto LB agar plates containing
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ampicillin (100 pg/mL), isopropyl b-D-1 thiogalactopyranoside (IPTG), and X-Gal. Plates
were incubated at 37°C for 18 h. White-positive colonies were selected and verified using PCR
and sequencing. Purified LysAB1245 genes were digested with EcoRI and Xhol, purified from
the agarose gel using a QIAquick gel extraction kit (Qiagen, Hilden, Germany), and assembled
into EcoRI/Xhol digested pET30b(+). The resulting plasmids (pET30b(+)-LysAB1245) were
transformed into an E. coli BL21 (DE3) strain for over-expression. The transformed cells were
plated onto agar plates containing kanamycin (50 ug/mL) and incubated overnight at 37°C for
16-18 h. Glycerol stocks were prepared from positive clones and sequencing was performed to
confirm LysAB1245 expression.

Expression and purification of endolysin LysAB1245

An ExiProgen automated protein synthesis system (ExiProgen™', Bioneer, Korea) with cell-
free protein synthesis and magnetic bead-based His-Tag affinity purification was used to
express and purify endolysin LysAB1245. Briefly, 6 ug of plasmid DNA (pET30b
(+)-LysAB1245) was prepared for LysAB1245 synthesis. Ten microliters of DNA was added to
the reaction well of the ExiProgen™ EC1 protein synthesis kit’s protein expression cartridge.
The reaction was performed using E. coli cellular lysate and Bioneer’s master mix for the tran-
scription and translation of coding sequence to protein and purification of the target protein.
After 6 h, 250 pL of purified protein samples were collected from each elution tube. Bradford
assay using bovine serum albumin was performed to determine the concentration of
LysAB1245. Endolysin protein synthesis has an efficiency of over 30% yield, according to the
manufacturer’s maximum efficacy.

SDS-PAGE and western blot analysis

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blot
analyses were performed to assess the purity of endolysin LysAB1245. Samples collected from
ExiProgen including purified protein in elution tubes, unbound, expression, and washing
were mixed with sample buffer (62.5 mM Tris-HCI, pH 6.8, containing 5% 2-mercaptoetha-
nol, 2% sodium dodecyl sulfate, 10% glycerol, and 0.01% bromophenol blue) and heated for 5
min in boiling water. All samples were separated using 12% SDS-PAGE and blotted onto a
0.45-um nitrocellulose membrane (Bio-Rad).

For the immunodetection of a 6xHis-tagged protein, the membrane was blocked with 3%
bovine serum albumin in phosphate-buffered saline (10 mM PBS; pH 7.4) for 18 h, followed
by incubation with a mouse anti-His-tag antibody (1:3000) (Bio-Rad, Hercules, CA, USA) for
1 h. After three washes with PBS containing Tween 20 (PBST), the membranes were incubated
with alkaline phosphatase-labeled goat anti-mouse IgG antibody (1:3000) (KPL, Gaithersburg,
MD, USA) for 1 h. After four washes with PBST, the blot was developed using 5-bromo-
4-chloro-3-indolyl-phosphate (BCIP) and nitro blue tetrazolium (NBT) (Sigma, Deisen-
hofen, Germany).

Effects of LysAB1245 on MDR A. baumannii ABMYH1245

The effects of purified LysAB1245 were examined on a primary host of phage T1245 according
to the protocol of Lai et al. (2011) [30], with slight modifications. Briefly, the log phase of A.
baumannii AMMYSP-1245 was grown in tryptic soy broth (TSB; Difco) and adjusted to 10
colony-forming units (CFU/mL). The bacterial cells were centrifuged at 9,000 rpm for 5 min
and the supernatant was discarded. Thereafter, bacterial pellets were treated with 50 pL of
LysAB1245 (134.71 ug/mL) or 10 mM of PBS (as a control) followed by incubation at 37°C
under constant shaking at 150 rpm. Samples were collected at 0, 2, and 24 h, and the log CFU/

PLOS ONE | https://doi.org/10.1371/journal.pone.0296453  January 2, 2024 4/14


https://doi.org/10.1371/journal.pone.0296453

PLOS ONE

Endolysin LysAB1245 with extended lytic activity against distinct capsular types of Acinetobacter baumannii

mL was calculated. Data obtained from two independent experiments performed in triplicate
are presented as mean * standard deviation (SD). Significant differences between groups were
determined using one-way analysis of variance (ANOVA), followed by Tukey’s multiple com-
parison test. Statistical significance was set at 99% confidence interval (p < 0.05). One unit of
enzyme activity was defined as the amount of enzyme required to kill bacterial cells at 2 logs
per 2 h.

Determination of the lytic range of LysAB1245

The antibacterial activity of LysAB1245 was determined against 19 isolates of MDR A. bau-
mannii belonging to seven different major capsular types (KL2; 2 isolates, KL3; 1, KL6; 5,
KL10; 5, KL47; 2, KL49; 2, and KL52; 2) and ATCC 19606. Briefly, the bacterial pellets at 10°
CFU/mL were resuspended with 50 pL of LysAB1245 (1.7 unit/reaction) or PBS and incubated
at 37°C with shaking at 150 rpm. Samples were collected at 0, 2, and 24 h and calculated the
number of log CFU/mL. Data obtained from two independent experiments performed in trip-
licate are presented as mean + SD.

Sensitivity of LysAB1245 to temperature and pH

Thermal and pH stability test for endolysin LysAB1245 were examined. Briefly, LysAB1245
(0.4 unit/reaction) was incubated at six different temperatures (4, 25, 37, 50, 60, and 70°C) for
30 min. Subsequently, the cell pellets of A. baumannii AMMYSP-1245 (10° CFU/mL) were
resuspended with LysAB1245 from various temperatures and incubated at 37°C with shaking
(150 rpm) for 24 h.

For pH sensitivity assay, the pH of LysAB1245 was adjusted using PBS with different pH
values (4.5, 5.5, 7.4, 8.5, and 10.5), followed by incubation at 37°C. After 30 min, the pH of
LysAB1245 was adjusted to 7.4 and incubated at 37°C with shaking for 24 h. For both experi-
ments, a mixture of bacteria and PBS (pH 7.4) at 37°C was served as the control group. The
number of log CFU/mL was determined and calculated the percentage of bacterial reduction.
Each experiment was performed in triplicate with two independent replicates.

Kinetic analysis of LysAB1245

A mixture of MDR A. baumannii ABMYH-1245 (at 10° CFU/mL) and LysAB1245 (at 1.7
unit/reaction) or PBS (as a control) was incubated at 37°C with shaking at 150 rpm. The sam-
ples were withdrawn at 0, 15 min, and 30-min intervals for 0.5-2.5 h and the number of log
CFU/mL was determined. Data obtained from two independent experiments performed in
triplicate are presented as mean + SD.

Antimicrobial activity of LysAB1245

The minimum inhibitory concentration (MIC) of LysAB1245 was determined using the broth
microdilution method, according to the Clinical and Laboratory Standard Institute (CLSI)
guidelines [31]. Briefly, a single colony of 20 clinical MDR A. baumannii isolates belonging to
KL 2, 3,6, 10,47, 49, and 52 and A. baumannii ATCC 19606 was grown in Mueller-Hinton
broth (MHB; Difco) and incubated at 37°C with shaking until the cells reached the logarithmic
phase. Endolysin LysAB1245 (134.71 ug/mL) was serially diluted (1:2) in microtiter plate

(50 uL/well). Subsequently, 50 UL of A. baumannii culture with approximately 10° colony-
forming units (CFU/mL) was inoculated to the microplate, containing different diluted
LysAB1245 and further incubated at 37°C for 18 h. MIC was defined as the of the antibacterial
agent that inhibited the visible growth of bacteria, while minimal bactericidal concentration
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(MBC) was defined as the lowest concentration of the antibacterial agent required to kill bacte-
ria. The experiment was performed in triplicate in two independent experiments.

Results and discussion
Characterization of endolysin LysAB1245

The endolysin gene of phage T1245, named LysAB1245 contains 558 base pairs and 185
amino acids. BLAST analysis showed that the LysAB1245 gene had 98.92% sequence simi-
larity to putative chitinase-like endolysin from Acinetobacter phage phiAB6 (accession no.
YP_009288673.1). The results of conserved domain analysis using the Pfam database
revealed that amino acids of LysAB1245 contain lysozyme-like (N-acetyl-B-D-muramidase)
domains between residues 79 and 136, which are the catalytic domains of LysAB1245.

The catalytic activities of purified endolysin LysAB1245 are attributable to glycosidases
that cleave B-1,4-N-acetyl-D-glucosamine bonds between N-acetylmuramic acid and N-
acetylglucosamine in glycan chains [32]. Previously, phage endolysins from different host
genera and species such as PlyE146 from E. coli phage [33], LysSS from Salmonella enterica
phage [20] and LysAB2, PlyAB1, LysABP-01, and Ply6A3 from A. baumannii phages
[24,30,34,35] were studied their catalytic activities, which belong to glycosidase hydrolase
family.

Multiple sequence alignments of LysAB1245 with two other reported A. baumannii phage
endolysins showed high similarity in the domain region with 12 amino acid polymorphisms
identified (Fig 1). However, in silico sequence analysis indicated that six mutations (amino
acids 96, 97, 100, 103, 108, and 111) were founded in the conserved domain, which play a vital
role in enhancing the catalytic function of the enzyme

Cloning, expression, and purification of endolysin LysAB1245

SDS-PAGE results indicated that LysAB1245 was effectively expressed and purified using
the ExiProgen protein synthesis system (Fig 2A). Western blot analysis using specific His-
tagged antibodies revealed an expected size of approximately 26 kDa (Fig 2B). Moreover,
the concentration of purified LysAB1245 was approximately 134.71 pg/mL (S1 Fig).

LysAB1245 MILTKDGFSIIRNELFGGKLDQTQVGSINFIVEKATESGLTYPEAAYLLATIYHETGLPS 60
LysAB2 MILTKDGFSIIRNELFGGKLDQTQVDAINFIVAKATESGLTYPEAAYLLATIYHETGLPS 60
PlyAB1 MILTKDGFSIIRNELFGG LDOTOVBQINFIVE ATESGLEYPEAAYLLATIYHETGLPS 60
LysAB1245 GYRTMRPIKEAGSDSYLRSKKYYPYIGYGYVQLTWKDNYERIGKLIGIDLVKNPEKALEP 120
LysAB2 GYRTMQPIKEAGSDSYLRSKKYYPYIGYGYVQLTWKENYERIGKLIGVDLIKNPEKALEP 120
PlyAB1 GYRTMQPIKEAGSDSYLRSKKYYPYIGYGYVQLTWEENYGRISKLIGVDLIKNPEKALEP 120
* * * * * * *
LysAB1245 LIAIQIAIKGMLNGWFTGVGF PVSKYNKQQYIAARNIINGKDKAELIAKYAIIFE 180
LysAB2 LIAIQIAIKGMLNGWFTGVGF PVSKYNKQQYVAARNIINGKDKAELIAKYAIIFE 180
PlyAB1 LIAIQIAIKGMLNGWFTGVGF PVSKYNKQQYVAARNIINGKDKAELIAKYAIIFE 180
*

LysAB1245 ALRSL 185

LysAB2 ALRSL 185

PlyAB1 ALRSL 185

Fig 1. Amino acid sequence alignment using Clustal Omega multiple sequence alignment. The multiple sequence
alignments of three phage endolysins revealed similar and dissimilar amino acids of LysAB1245, LysAB2 (accession no.
ADX62345), and PlyAB1 (accession no. YP_008058242). Amino acid polymorphisms are indicated by asterisks (*).

https://doi.org/10.1371/journal.pone.0296453.g001
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Fig 2. SDS-PAGE analysis of LysAB1245 (A). Lane 1, molecular size marker; lane 2, purified LysAB1245; lane 3,
expression sample; lanes 4, washed sample; lanes 5, unbound sample. Western blot analysis of LysAB1245 (B). Lane
1, molecular size marker; lane 2, purified LysAB1245.

https://doi.org/10.1371/journal.pone.0296453.9002

Lytic effects of purified endolysin LysAB1245 on A. baumannii ABMYH-
1245 cells

Treatment with LysAB1245 at 134.71 pg/mL significant decreased (P <0.01) the growth of A. bau-
mannii ABMYSP-1245 when compared with control at 2 h and 24 h (Fig 3). At2hand 24 h,
LysAB1245 reduced the viability of A. baumannii cells up to 3.39 log CFU/mL (>99.9% reduc-
tion) and 4.16 log CFU/mL (>99.99% reduction), respectively, compared with control (S2 Fig).
Compared with other phage endolysins such as LysSP1 (Salmonella phage) and LysPN09 (Pseudo-
monas phage), LysAB1245 exhibited efficient bactericidal activity, even in the absence of outer
membrane permeabilisers [36,37]. Generally, endolysins exert their effects against Gram-positive
bacteria by binding directly to the cell walls. In contrast, the presence of an outer membrane can
prevent the entry of several antimicrobials into Gram-negative bacterial cells. The mechanism of
LysAB1245 on Gram-negative bacteria could be attributed to the highly positively charged region
at its C-terminus, which has the potential to destabilize the outer membrane of Gram-negative
bacteria. Consequently, the N-terminal enzymatic domain can penetrate the peptidoglycan layer
and induce bacterial lysis [38]. In addition, Diiring et al. reported that helix-forming amphipathic
peptides at the C-terminus of T4 lysozyme can interact with negatively charged lipopolysaccha-
rides in Gram-negative bacteria, resulting in antimicrobial activities [39].

Lytic spectrum of purified endolysin LysAB1245 on MDR A. baumannii
isolates with major different capsular types
Recently, a newly isolated lytic phage targeting the MDR A. baumannii isolates, phage T1245

was isolated and characterized. However, phage T1245 specifically infects only A. baumannii
with KL10 and KL3 isolates. Capsular structure has been recognized as an important virulence
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Fig 3. The antibacterial activity of purified endolysin LysAB1245 on A. baumannii ABMYSP-1245 cells. Bacterial
pellets (10° CFU/mL) were treated with LysAB1245 (134.71 pg/mL). A significant reduction in bacterial growth was
compared with control, **P < 0.01, and ns means non-significant. Two independent experiments were performed in
triplicate and error bars represent the standard deviation. Limit of detection (LOD) for surviving bacterial cells was 2
log CFU/mL.

https://doi.org/10.1371/journal.pone.0296453.9003

factor among A. baumannii strains [40]. LysAB1245 was further investigated whether it could
lyse MDR A. baumannii isolates belonging to major capsular types identified in the Thai col-
lection. The results of lytic spectrum revealed that LysAB1245 not only killed A. baumannii
with KL10 but also lysed all the tested clinical MDR A. baumannii isolates with KL2, 3, 6, 47,
49, and 52 and A. baumannii ATCC 19606. A more than 3-log reduction (>99.9% reduction)
in the viability of all tested MDR A. baumannii isolates belonging to KL2, 3, 6, 10, 47, 49 and
52 and A. baumannii ATCC 19606 was observed when treated with LysAB1245 at 1.7 unit/
reaction, compared with control at 2 h (Fig 4). Moreover, no re-growth of any A. baumannii
isolates was observed after 24 h of treatment with LysAB1245. Notably, MDR A. baumannii
with KL2 and KL49 which were not lysed by any isolated phages from previous study, were
killed by endolysin LysAB1245.

Stability of LysAB1245 under various temperature and pH conditions

Thermal and pH stability are desirable properties of antibacterial agents during storage. There-
fore, the stability of LysAB1245 under different temperatures and pH conditions was exam-
ined. LysAB1245 remained stable and highly bactericidal at temperatures ranging from 4 to
70°C (>99% reduction in bacterial cells when compared with the control) (Fig 5A). Addition-
ally, the activity of LysAB1245 was relatively stable to pH changes over a range from 4.5 to 10.5
(Fig 5B) (S2 Fig). The results indicated that LysAB1245 could be used as a potential alternative
antibacterial agent due to its stable activity across a broad range of thermal and pH conditions.

Kinetic analysis of LysAB1245

Killing curve analysis revealed that LysAB1245 at 1.7 unit/reaction displayed rapid bactericidal
activity against A. baumannii ABMYH-1245 (Fig 6). A 2.92 log reduction (>99% reduction) in
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Fig 4. The lytic spectrum of LysAB1245 on multi-drug resistant (MDR) A. baumannii isolates. Bacterial pellets (10> CFU/mL) were
treated with LysAB1245 (1.7 unit/reaction). Acinetobacter baumannii with KL2 (A), KL3 (B), KL6 (C), KL10 (D), KL47 (E), KL49 (F),
and KL52 (G) and ATCC 19606 (H). Two independent experiments were performed in triplicate and error bars represent the standard
deviation. Limit of detection (LOD) for surviving bacterial cells was 2 log CFU/mL.

https://doi.org/10.1371/journal.pone.0296453.g004

viable bacteria was observed within 30 min, compared with control (S2 Fig). In this study, the
phage T1245-produced endolysin LysAB1245 was successfully expressed and purified using an
automated high-throughput protein synthesis system for producing highly pure, stable, and
soluble active proteins.

Antimicrobial activity of LysAB1245

Furthermore, we examined the antimicrobial activity of LysAB1245 against 20 MDR A. bau-
mannii isolates and ATCC 19606. The MIC value of LysAB1245 was 4.21 pug/mL (0.1 unit/reac-
tion) for all MDR A. baumannii isolates and A. baumannii ATCC 19606. The lowest
concentration of LysAB1245 with bactericidal activity was 4.21 ug/mL, which was identical to
the MIC value (Table 2). In general, the peptidoglycan structure of Gram-negative bacteria is
highly conserved. Therefore, the conservation of the peptidoglycan structure among the tested
isolates, which serves as the target site of endolysin, might have resulted in the same MIC val-
ues of LysAB1245.
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Fig 5. The stability of purified endolysin LysAB1245 at various temperatures and pH conditions. Bacterial pellets
(10° CFU/mL) were mixed with LysAB1245 at 4, 25, 37, 50, 60, and 70°C (A) and pH 4.5, 5.5, 7.4, 8.5, and 10.5 (B). The
percentage of bacterial reduction was compared with the control. The experiment was performed in triplicate and
error bars represent the standard deviation.

https://doi.org/10.1371/journal.pone.0296453.g005

According to previous report, no cytotoxic effect of endolysin LysSS was observed on
human lung cell line A549 at concentrations less than 250 ug/mL [21]. Additionally, the thera-
peutic effects of phage endolysins in mouse models of infection have been extensively reported
[38,41,42]. For example, the direct administration of endolysin by inhalation improved sur-
vival rate by 80% in a mouse model of pneumococcal pneumonia [43]. Moreover, treatment
with endolysin SAL200 by inhalation did not induce abnormal inflammatory response in mice

H
H

0.25

0.5 1 1.5 2
Time (h)

Control ---- LysAB1245

Fig 6. Time-Kkill curve of A. baumannii ABMYH-1245 incubated with LysAB1245. Two independent experiments were performed in triplicate and error
bars represent the standard deviation. Limit of detection (LOD) for surviving bacterial cells was 2 log CFU/mL.

https://doi.org/10.1371/journal.pone.0296453.g006
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Table 2. Minimal inhibitory concentrations (MICs) and minimal bactericidal concentrations (MBCs) of
LysAB1245 against Acinetobacter baumannii.

Acinetobacter baumannii Antibacterial activities (ug/mL)
MIC MBC

20 clinical isolates 4.21 4.21

ATCC 19606 4.21 4.21

https://doi.org/10.1371/journal.pone.0296453.t1002

with pneumonia [41]. Furthermore, the toxicity and safety of phage endolysin SAL200 admin-
istered via intravenous injection has been assessed in tested animals for the drug development
process [44]. In 2017, endolysin SL200 was successful administered to target drug-resistant
staphylococcal infections in humans [45].

The findings of this study suggest that LysAB1245 would be valuable to further develop-
ment as a new potential therapeutic alternative for controlling of nosocomial MDR A. bau-
mannii infections. However, studies are necessary to elucidate the optimal dosage and
bactericidal mechanism of LysAB1245 using mammalian infection models before reaching the
phase of clinical trials in humans.

Conclusions

In the present study, the endolysin LysAB1245 from Acinetobacter phage T1245 was success-
fully expressed and purified using an automated protein synthesis system with high-purity tar-
get proteins. A novel purified LysAB1245 exhibited a broad lytic spectrum activity against
MDR A. baumannii isolates, which belong to various major capsular types. Additionally,
LysAB1245 displayed rapid bactericidal activity and stability under various pH and tempera-
ture conditions. This work elucidated a potential of LysAB1245 as a new potential therapeutic
agent towards the management of MDR A. baumannii infections.

Supporting information

S1 Fig. Raw image. SDS-PAGE and western blot images for Fig 2. Lane 1, molecular size
marker; lane 2, purified LysAB1245; lane 3, expression sample; lane 4, washed sample; lane 5,
unbound sample.

(PDF)

S2 Fig. Data was used to build graphs in this reported study. The values used to build the
graphs included the means and standard deviations.
(PDF)

S1 File.
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