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A recombinant form of pneumolysin from Streptococcus pneumoniae was obtained. By
using Vector NTI Advance 11.0 bioinformatic analysis software, specific primers were de-
signed in order to amplify the genome fragment of strain No. 3358 S. pneumoniae serotype
19F containing the nucleotide sequence encoding the full-length pneumolysin protein. A
PCR product with a molecular weight corresponding to the nucleotide sequence of the
S. pneumoniae genome fragment encoding the full-length pneumolysin was obtained. An
expression system for recombinant pneumolysin in E. coli was constructed. Sequencing
confirmed the identity of the inserted nucleotide sequence encoding the full-length re-
combinant pneumolysin synthesized in E. coli M15 strain. Purification of the recombinant
protein was performed by affinity chromatography using Ni-Sepharose in § M urea buffer
solution. Confirmation of the recombinant protein was performed by immunoblotting with
monoclonal antibodies to pneumolysin.
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Pneumococcal infections remain relevant for young
children and the elderly for several decades [1,2]. On
the one hand, the infections caused by Streptococ-
cus pneumoniae are vaccine-controlled, on the other
hand, the use of preventive drugs has led to a sig-
nificant increase in pneumococcal diseases caused by
non-vaccine S. pneumoniae serotypes [3,4]. Vaccines
based on pneumococcal proteins are now actively
developed, some studies are at the stage of clinical
trials [5]. Pneumolysin, one of the main protein viru-
lence factors of S. pneumoniae, is responsible for the
transmission of the pathogen and destruction of cell—
cell contacts [6]. Previously, we proved the protective
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activity of native protein-containing pneumococcal
antigens obtained from different strains of S. pneu-
moniae, among which pneumolysin was identified by
using commercial monoclonal antibodies [7]. However,
the role of individual proteins in these preparations
cannot be determined because purified native proteins
should be obtained for this purpose, which is a very
laborious process. Instead, recombinant S. pneumoniae
proteins can be obtained, in particular, recombinant
pneumolysin, a conserved protein of pneumococcus
[6] (despite the large number of pathogen serotypes)
that demonstrates cross-reactivity. This feature of
pneumolysin attracts the attention of researchers for
the development of a pneumococcal protein vaccine
with serotype-independent protective activity.

The aim of this work was to obtain a recombinant
form of the S. pneumoniae pneumolysin protein.
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MATERIALS AND METHODS

The study was carried out using strains from the col-
lection of the Common Use Center of 1. I. Mechnikov
Research Institute for Vaccines and Sera with the sup-
port of the project by the Ministry of Science and
Higher Education of the Russian Federation (Agree-
ment No. 075-15-2021-676, July 28, 2021). A genomic
DNA sample was obtained from S. pneumoniae 19F
strain No. 3358. The precipitated bacterial biomass of
S. pneumoniae was dissolved in 200 pl of TE buffer
(pH 8.0). After that, 10 pl of proteinase K (10 mg/ml)
and 200 pl of lysing solution were added to the tube.
The mixture was incubated at 65°C for 15 min and
periodic agitation. Then, 200 pl of the precipitating
solution was added and the mixture was transferred to
a K-sorb-100 column (Synthol) and genomic DNA was
isolated according to the manufacturer’s protocol. The
resulting DNA solutions were stored at -20°C.

To obtain the pneumolysin gene, the sequence of
the reference strain Spain6B S. pneumoniae was select-
ed from the available database of nucleotide sequenc-
es [8]. Using Vector NTI Advance 11.0 software for
bioinformatic analysis, primers for PCR were designed
to further clone the genome fragment of the selected
S. pneumoniae strain containing the nucleotide se-
quence encoding the full-length pneumolysin protein.

The following primers were used to amplify the
pneumolysin gene: F: 5-GGATCACTTAGTCCAAC-
CAC-3; R: 5-GCAAACATTCTTCTCTCCTA-3 flanking
the nucleotide sequence encoding the full-length
pneumolysin protein. PCR was carried out in a Biome-
tra amplifier using the amplification program: 98°C,
1 min; 30 cycles: 15 sec at 98°C, 20 sec at 55-65°C, and
50 sec at 72°C; then, 5 min at 72°C. The concentration
of nucleic acids was measured on a Nanodrop 2000
spectrophotometer using the manufacturer’s software.
PCR results were assessed visually by agarose gel
electrophoresis in the presence of EtBr. Reagents from
Fermentas were used for PCR.

The following vectors were used: pAL2-T (Eurogen)
for cloning the PCR product and pQE-30 (Qiagen) for
protein expression in a bacterial system. For re-clon-
ing from the pAL2-T vector into the pQE-30 vector, a
forward primer containing the BamHI restriction site
at the 5-end was used, while the reverse primer con-
tained the Xmal restriction site. Restriction was carried
out with enzymes and buffers from Fermentas.

E. coli CC0O01 cells (genotype XL-Blue, Eurogen)
were used for transformation of the resulting con-
struct into the pAL2-T vector, and E. coli M15 cells
were used for the pQE-30 vector.

The resulting recombinant expression vector was
transformed into competent E. coli cells (M15/pRep4,
Qiagen) that were stored at -70°C. The tube with com-

petent cells was thawed on ice. The cell suspension
(100 pl) was incubated with 3 ul of the ligation mixture
on ice for 30 min. After that, the tube with cells was
heated in a water bath for 45 sec at 42°C and placed
back on ice for 5 min for cooling. Then, 200 ul of a
commercial synthetic medium (C-medium, Fermentas)
was added to the cell solution, and the biomass was
incubated in an Ecotron shaker-incubator (Infors) at
200 rpm and 37°C for 1 h. The culture was plated on
dished with LB medium containing two antibiotics
(75 ng/ml ampicillin and 25 pg/ml kanamycin) and
grown in a thermostat at 37°C for 16-18 h.

Plasmid DNA from the colonies grown on LB me-
dium after transformation was isolated using a com-
mercial kit (Eurogen) in accordance with the manufac-
turer’s recommendations. The identity of the inserted
sequences was verified by sequencing.

Colonies obtained as a result of transformation
E. coli strains with previously selected and confirmed
by sequencing plasmids were seeded with a bacterio-
logical loop in 5 ml of liquid commercial LB medium
with antibiotics, grown overnight in a shaker-incubator
at 200 rpm and 37°C. Then, 100 pl culture was added
to 5 ml fresh liquid medium with antibiotics and incu-
bated under the same conditions until optical density
of the medium reached 0.6. To induce expression of
the recombinant pneumolysin protein, 1 M isopro-
pyl-B-D-thiogalactopyranoside (IPTG) was added to a
final concentration of 1 mM and culturing was con-
tinued for 1-4 h. After culturing for 1, 2, 3, and 4 h,
the resulting biomass was precipitated, and protein
products were analyzed by electrophoresis in PAGE ac-
cording to Laemmli to detect recombinant protein with
a certain molecular weight. The protein concentration
was measured on a Nanodrop 2000 spectrophotometer.

Immunoblotting was carried out according to the
generally accepted method. Mouse monoclonal anti-
bodies IgG1 to pneumolysin (100 pwg/ml; 1:400; Santa
Cruz Biotechnology) were used as primary antibodies,
anti-mouse anti-IgG1 antibodies (1:10,000) were used
as secondary antibodies. For detection of the anti-
gen—antibody complex, we used diaminobenzidine
with H,0, in PBS. Protein specificity was assessed
visually by membrane staining.

To obtain the recombinant pneumolysin protein
in a preparative amount, purification was performed
by affinity chromatography using Ni-Sepharose (GE
Healthcare) in 8 M urea buffer solution [9]. The bio-
mass containing the recombinant protein was dena-
tured in a buffered urea solution (8 M urea, 0.1 M
NaH,PO,, and 0.01 M Tris; pH 8.0) overnight at room
temperature on an incubator shaker at 120 rpm.
Then, the obtained lysate was centrifuged twice at
10,000 rpm/min for 30 min to remove undissolved
cell components. The supernatant was transferred to
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a flask, a suspension of Ni-sepharose (1 ml of suspen-
sion per 25 ml of lysate) was added, and the mixture
was incubated for 2 h at room temperature on a sha-
ker at 60 rpm. The resulting suspension was passed
through the column using a Biologic LP chromatog-
raphy system (Bio-Rad). The protein-bound sorbent
was washed with 8 M urea buffer solution at pH 6.3,
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then at pH 5.9. The elution was carried out using
8 M urea buffer at pH 4.5. A preparation of purified
recombinant pneumolysin protein was dissolved in
50 mM Tris-HCI buffer (pH 8.0) using stepwise dial-
ysis against several buffers containing 6, 4, 2, 1, and
0.5 M urea, and then against 50 mM Tris-HCI buffer
(pH 8.0). Dialysis was performed overnight at 4°C. The
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Fig. 1. Electrophoresis in 0.8% agarose gel with visualization of EtBr. a: 1) Molecular weight marker; 2-6) a 1500-bp PCR product.
b: 1, 2) Linear form of pQE-30 plasmid with a 5000 bp insert after treatment with restriction endonuclease BamHI; 3) molecular
weight marker; 4, 5) a 1500-bp insert after treatment with two restriction endonucleases BamHI and Xmal.
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Fig. 2. Electropherogram and immunoblotting of protein products resulting from the expression of the recombinant pneumolysin gene
inserted into the pQE-30 plasmid in E. coli M15 cells. a: 1, 2) Protein products of recombinant pneumolysin gene expression during
E. coli biomass culturing without IPTG induction; 3) molecular weight marker; 4-7) protein products of recombinant pneumolysin gene
expression during culturing of E. coli biomass with IPTG after 1, 2, 3, and 4 h, respectively. b: 1-4) Stained protein bands formed
during interaction of monoclonal antibodies to pneumolysin with recombinant protein during cultivation of the producer strain after

1, 2, 3 and 4 h, respectively; 5) molecular weight marker.
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Fig. 3. Electropherogram and immunoblotting of the purified
protein resulting from the expression of the recombinant pneu-
molysin gene inserted into the pQE-30 plasmid in E. coli M15
cells. 1) Marker of molecular weights of proteins; 2) protein band
corresponding to the molecular weight of recombinant pneumoly-
sin (@), stained protein band formed by the interaction of mono-
clonal antibodies to pneumolysin with recombinant protein (b).

protein content was determined spectrophotometri-
cally (Genesys 6, Thermo Scientific) at 280 nm. When
calculating the concentration of the recombinant pro-
tein, we used extinction coefficient of 0.7 determined
using the Vector NTI Advance 11.0 software.

Bioinformatic calculations were performed using
Vector NTI Advance 11.0 software.

RESULTS

The fragment of the S. pneumoniae genome encod-
ing the full-length pneumolysin protein was amplified
by PCR. As a result, specific 1500-bp products were
obtained (Fig. 1, a) corresponding to the nucleotide
sequence of the S. pneumoniae genome fragment
encoding full-length pneumolysin protein. The DNA
concentration varied from 50 to 100 ng/pl. The PCR
product was first cloned into the non-expressing vec-
tor pAL2-T, and after confirmation by sequencing, it
was cloned into the expression vector pQE-30. For
this purpose, PCR was additionally performed to add
restriction sites (the forward primer containing the
5-terminal BamHI restriction site, the reverse primer
containing the Xmal restriction site), at which the
resulting PCR fragment was inserted into the pQE-30
plasmid carrying regulatory regions for expression in

E. coli cells (strain M15). Correct insertion was con-
firmed by sequencing. After transformation, isolated
colonies grown on solid LB medium were selected for
plasmid DNA isolation. The concentration of plasmid
DNA was approximately 100 ng/ul. Analysis of clones
after treatment of plasmid DNA with the appropriate
restriction enzymes (BamHI and Xmal) revealed the
presence of DNA bands corresponding to the pQE-30
vector (3500 bp) and a ~1500-bp insert (Fig. 1, b).

After sequencing, we selected a clone of strain
No. 3358 of S. pneumoniae serotype 19F containing
a nucleotide sequence encoding the synthesis of the
full-length pneumolysin protein. Analysis of the bio-
mass extract obtained after the induction of recom-
binant pneumolysin gene expression by culturing in
the presence of IPTG for 1-4 h revealed the presence
of specific protein bands that were absent in the cells
of the same producers grown without IPTG. The mo-
lecular weight of the synthesized recombinant protein
pneumolysin determined by electrophoresis in PAGE
revealed two protein bands corresponding to 53 kDa
(calculated molecular weight of pneumolysin [3]) and
106 kDa (Fig. 2, a). The presence of a protein band
with a molecular weight of 106 kDa indicates the syn-
thesis of a pneumolysin dimer, which can affect the
immunobiological properties of the protein during its
further study (Fig. 2, a). The recombinant protein and
its dimer showed high specificity during interaction
with monoclonal antibodies of the IgGl subisotype
to pneumolysin (Fig. 2, b). This verifies the resulting
recombinant protein as pneumolysin.

The recombinant pneumolysin has an addition-
al N-terminal amino acid sequence Arg-Gly-Ser-His-
His-His-His-His-His-Gly-Ser encoded in the polylinker
sequence. This allowed purifying the synthesized re-
combinant protein by affinity chromatography on
columns with Ni-Sepharose in a preparative amount
(Fig. 3, a). The protein concentration was 500 pg/ml.
The resulting recombinant pneumolysin was also con-
firmed by immunoblotting with monoclonal antibodies
of the IgG1 subisotype to pneumolysin (Fig. 3, b).

Thus, a recombinant pneumolysin of S. pneumo-
niae was obtained. We have previously shown that
triple immunization with recombinant pneumolysin
protected mice from intraperitoneal infection with
S. pneumoniae serotype 3 and induces the synthesis
of specific antibodies [10]. In further experiments, the
immunobiological properties of the isolated recombi-
nant protein against other pneumococcal serotypes
should be studied and the absence of toxicity should
be proven, because pneumolysin is considered as a
promising antigen for the development of a vaccine
with serotype-independent protective activity.

This work was supported by the Russian Science
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