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ABSTRACT

Background: Klebsiella pneumoniae (K. pneumoniae) infections are usually
considered life-threatening. Vaccination plays a crucial role in reducing the
spread and mortality of infectious diseases. The present study aimed to
investigate outer membrane protein K36 (OmpK36) and outer membrane
protein X (OmpX) to identify suitable B-cell and T-cell epitopes for vaccine
development against K. pneumoniae infections.

Methods: To identify suitable B-cell and T-cell epitopes, bioinformatics
servers were utilized, including VaxiJen, IEDB, APP, ABCpred, ExPASy, and
EMBOSS. Molecular and physicochemical characteristics, as well as human
similarity, toxicity, and allergenicity of epitopes were investigated.

Results: The results of this study revealed that OmpK36 and OmpX are
immunogenic. In total, 18 epitopes were identified, 13 for OmpK36 and 5 for
OmpX. Exclusion criteria were applied, and eight epitopes were ultimately
selected.

Conclusion: According to the results of this study, eight appropriate epitopes
for B cells and T cells were proposed for vaccine design against K.
pneumoniae. Further in vitro and in vivo studies are recommended before
determining the use of epitopes.
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Extended Abstract

Background: Klebsiella pneumoniae (K.
pneumoniae) is one of the most important
members of the Enterobacteriaceae family and
is the cause of a wide range of infections, such
as urinary tract infections, bloodstream
infections, and pneumonia. In recent years, the
treatment of infections caused by K
pneumoniae has faced more limitations due to
the increase in prevalence of antibiotic
resistance mechanisms. Different mechanisms
have been identified in K. pneumoniae that
cause antibiotic resistance. For example, K.
pneumoniae becomes resistant to multiple
antibiotics such as cephalosporins and
carbapenems by producing extended-spectrum
beta-lactamases. In addition, K. pneumoniae
strains are capable of producing various
aminoglycoside-modifying enzymes, which
confer resistance to different aminoglycosides,
including gentamicin and amikacin. Outer
membrane proteins X and K36 (OmpX and
OmpK36) are important proteins and play an
important role in K. pneumoniae pathogenesis
by binding to host cells and forming biofilms.
Given the high prevalence of infections caused
by K. pneumoniae and serious restrictions in
the use of antibiotics to treat related infections,
as well as the lack of an approved K
pneumoniae vaccine, the present study aimed
to investigate OmpK36 and OmpX to find
appropriate B-cell and T-cell epitopes for
vaccine development against K. pneumonia
infections.

Methods: To find appropriate B-cell and T-cell
epitopes, the following bioinformatics servers
were used: Vaxilen, IEDB, APP, ABCpred,
Expasy, and EMBOSS. Molecular and
physicochemical characteristics, as well as
human similarity, toxicity, and allergenicity of
epitopes were investigated.

Results: Blast results showed that Ompk36 and
OmpX proteins are conserved, with more than
98% similarity observed among different
strains of K. pneumoniae. Linear epitopes of B
lymphocytes were evaluated using IEDB and
ABCpred servers. Figures 1 to 5 show the
results of the evaluation of epitopes based on
different features. Based on the results
obtained from Figures 1 to 5, the final epitopes
were selected (Table 1). To increase the

accuracy in selecting the final epitopes, the
EMBOSS server was also used. The results of
this server are shown in Table 2. To identify
noncontinuous epitopes, a 3D model of the
proteins was first prepared using the SWISS-
MODEL server. The accuracy of the prepared
model was confirmed  using  the
QMEANDisCo and GMQE (Global Model
Quality Estimate) parameters. In total, 18
epitopes were identified, 13 for OmpK36 and 5
for OmpX. Exclusion criteria were applied,
and eight epitopes were ultimately selected.
For OmpK36, epitopes were located in 36-50,
290-318, 254-267, and 162-177. For OmpX,
epitopes were located in 80-95, 148-167, 101-
116, and 6-23. The results obtained from
various servers, such as IEDB, ABCpred,
EMBOSS, Expasy, Ellipro, Discotope, and
APP, were compared with each other and the
final peptides were selected. Based on the
BLAST results, no significant similarity was
observed between the final peptides and human
antigens. In addition, the toxicity and
allergenicity of the final epitopes were
negative. The results regarding the binding
ability of the final peptides to MHC-I and
MHC-II are shown in Tables 5 and 6. The
selected final epitopes bind to different T
lymphocytes and can therefore cause their
activation.

Conclusion: In medicine, vaccination has
always played an important role in preventing
and reducing deaths from infectious diseases
and has been used as a safe and reliable
preventive method. Considering the important
role of K. pneumoniae in causing various
infections and also the serious limitations that
exist due to the development of resistance
mechanisms against antibiotics, the present
study was conducted to identify epitopes that
stimulate B and T lymphocytes. In this study,
several validated bioinformatics tools were
used to identify important epitopes of the
OmpX and OmpK36 proteins that can
stimulate B and T lymphocytes. A total of §
peptides were identified for potential use in
vaccination. These peptides have suitable
physicochemical properties and can stimulate
B and T lymphocytes; however, further studies
must be conducted both in vitro and in vivo
before any decision can be made.
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Epitope Instability
OmpK36 index

Aliphatic

index Stability Half-life pl

EP1-GKIDGLHYFSDDKSV 21.65

>30h mammalian
reticulocytes (Invitro)
>20h Yeast (In vivo)
>10h E. coli (In vivo)

71.33 Stable 5.3

EP2-

VVAQYQFDFGLRPSVAYLQSKGKDIEGY 00>

>100h mammalian
reticulocytes (Invitro)
>20h Yeast (In vivo)
>10h E. coli (In vivo)

80 Unstable 6.09

EP3-IYLATQYTQTYNAT -12.94

>20h mammalian
reticulocytes (Invitro)
>30min Yeast (In vivo)
>10h E. coli (In vivo)

70 Stable 5.53

EP4-GLVDGLNFALQYQGKN 0.94

>30h mammalian
reticulocytes (Invitro)
>20h Yeast (In vivo)
>10h E. coli (In vivo

97.5 Stable 5.83

OmpX

EP1-YNKGQYYGITAGPAYR 12.73

2.8h mammalian
reticulocytes (Invitro)
10min Yeast (In vivo)
2min E. coli (In vivo)

36.88 Stable 9.4

EP2-SYEQSRIRNVDVGTWIAGVG 2537

1.5h mammalian
reticulocytes (Invitro)
>20h Yeast (In vivo)
>10h E. coli (In vivo)

87.5 Stable 5.79

EP3-SIYGVVGVGYGKFQNN -22.46

1.9h mammalian
reticulocytes (Invitro)
>20h Yeast (In vivo)
>10h E. coli (In vivo)

78.75 Stable 8.22

EP4-ARLSALAVVLAASVGTTA 0.01

4.4h mammalian
reticulocytes (Invitro)
>20h Yeast (In vivo)
>10h E. coli (In vivo)

146.67 Stable 9.79
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Epitope Predicted by HLA -I (Class I) Predicted by HLA -II (class II)
GKIDGLHYFSDDKSV HLA-A*02:01, HLA-A*26:01 HLA-DRB1*15:01
(EP1) HLA-A*02:03, HLA-B*44:03 HLA-DRB4*01:01
VVAQYQFDFGLRPSVAYLQSKGKDIEGY  HLA-A*02:03, HLA-A*02:06 = HLA-DRB1*07:01
(EP2) HLA-B*35:01, HLA-A*02:01  HLA-DRB5*01:01

HLA-A*33:01, HLA-A*03:01
HLA-A*30:01, HLA-A*30:02
HLA-B*15:01, HLA-A*32:01
HLA-A*32:01, HLA-A*11:01

HLA-DRB3*01:01
HLA-DRB3%*02:02
HLA-DRB1*15:01
HLA-DRB4*01:01

HLA-A*01:01, HLA-A*03:01

HLA-A*02:06, HLA-B*40:01

HLA-B*07:02, HLA-A*31:01

HLA-A*68:01, HLA-B*08:01

HLA-A*26:01, HLA-B*58:01
IYLATQYTQTYNAT HLA-B*35:01, HLA-B*15:01 NA %%
(EP3) HLA-B*53:01, HLA-A*01:01

HLA-B*58:01, HLA-A*30:02

HLA-A*02:03, HLA-A*23:01

HLA-A*30:02, HLA-A*26:01

HLA-A*24:02, HLA-A*02:06

HLA-B*57:01, HLA-A*02:01
GLVDGLNFALQYQGKN HLA-A*02:03, HLA-A*01:01 ~ HLA-DRB1*15:01
(EP4) HLA-A*02:06, HLA-A*02:01  HLA-DRB1*03:01

HLA-B*35:01, HLA-A*30:02  HLA-DRB1*04:01

HLA-B*53:01, HLA-A*03:01

HLA-A*26:01
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Epitope Predicted by HLA -I (ClassI)  Predicted by HLA -II (class II)

YNKGQYYGITAGPAYR HLA-B*35:01 HLA-DQA1*04:01/DQB1*04:02

(EP1) HLA-A*30:02 HLA-DRB1*01:01
HLA-B*15:01 HLA-DRB1*09:01
HLA-A*31:01 HLA-DRB1%*08:02
HLA-A*33:01 HLA-DRB5*01:01
HLA-A*68:01 HLA-DRBI1*07:01
HLA-B*53:01 HLA-DRBI1*04:01
HLA-A*68:01 HLA-DPA1*02:01/DPB1*14:01
HLA-A*11:01 HLA-DRB3*02:02

HLA-DQA1*01:02/DQB1*06:02
HLA-DPA1*02:01/DPB1*01:01
HLA-DQA1*03:01/DQB1*03:02
HLA-DPA1*02:01/DPB1*05:01
HLA-DPA1*02:01/DPB1*05:01
HLA-DRB3*01:01
HLA-DQA1*01:01/DQB1*05:01
HLA-DQA1*01:02/DQB1*06:02
HLA-DPA1*01:03/DPB1*02:01
HLA-DPA1*03:01/DPB1%*04:02
HLA-DPA1*01:03/DPB1*04:01
HLA-DQA1*01:02/DQB1*06:02
HLA-DQA1*03:01/DQB1*¥03:02
HLA-DQA1*05:01/DQB1*02:01

SYEQSRIRNVDVGTWIAGVG ~ HLA-A*32:01
(EP2) HLA-B*57:01
HLA-A*68:02
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HLA-B*58:01
HLA-B*44:02
HLA-B*44:03
HLA-B*40:01
HLA-B*58:01
HLA-A*26:01
SIYGVVGVGYGKFQNN HLA-A*26:01
(EP3) HLA-A*11:01
HLA-A*30:02
HLA-B*15:01
HLA-A*03:01
HLA-A*68:01
HLA-A*23:01
HLA-A*24:02
HLA-A*02:03
ARLSALAVVLAASVGTTA HLA-A*32:01
(EP4) HLA-B*51:01
HLA-A*02:01
HLA-A*02:03
HLA-A*02:06

HLA-DPA1*01:03/DPB1*04:01
HLA-DPA1*01:03/DPB1*02:01
HLA-DPA1*02:01/DPB1*01:01
HLA-DPA1*01:03/DPB1*02:01
HLA-DRB1*12:01

HLA-DQA1*01:02/DQB1*06:02
HLA-DQA1*05:01/DQB1*03:01
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