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ABSTRACT

Background: The important challenge to the biotechnology is to find new effective fusion partners that
enable to improve solubility, expression, and optimize the subsequent fine purification of the target pro-
tein.

Results: The most invariant part of the most immunogenic region of the surface virulence factor A of
Streptococcus pneumoniae was selected as a model target protein, while the thermostable chemotaxis
polypeptide of W-type from Thermotoga petrophila was used as a fusion partner. The genes encoding
fusion variants of these proteins were constructed and cloned into a plasmid vector under the control
of the strong bacteriophage T7 transcription regulatory system. Effective Escherichia coli producer strains
were obtained, and optimal conditions were chosen for the production of resulting constructs. The opti-
mal pH and temperature ranges of recombinant proteins were determined, and three-dimensional shapes
of their molecules were also predicted. Methods of low-stage protein purification were improved. Some
of the isolated proteins demonstrated a high level of expression, solubility and purity.

Conclusions: Novel chimeric proteins were obtained which had not previously been observed in nature in
such domain combinations. It was shown that the biotechnologically valuable characteristics of the
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hybrid proteins were more marked when the thermal-resistant partner was combined with the N-
terminus of pneumococcal protein. The principles of their low-stage purification were performed which

does not require any special equipment. That is a basis for significant reduction of prices for diagnostic
test-systems components and subunit vaccine production.

How to cite: Grishin DV, Sidorov NG, Parfenova OK, et al. Construction, heterological expression and a
simple purification of the BP region of the pneumococcal surface protein a fused in different orientations
to the chemotaxis adaptor protein CheW from Thermotoga petrophila. Electron ] Biotechnol 2024;71.
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1. Introduction

Fundamental and applied interest in chimeric recombinant pro-
teins is associated with the possibility of their use to obtain new
medicinal and food polypeptides with new and interesting proper-
ties, as well as to simplify the technological process of isolating
proteins of biotechnological value [1,2].

Currently, cells from various biological sources are widely uti-
lized to obtain such proteins. However, E. coli is still the most fre-
quently used microorganism for the high-level production of a
wide variety of recombinant proteins [3,4,5]. Meanwhile, this
expression system has a number of disadvantages, among which
it is possible to distinguish the frequent aggregation of foreign pro-
teins into insoluble inclusion bodies, which leads to a significant
complication of the purification procedure of the target product
from cell lysate. However, the advantages of E. coli such as easy
manipulation and scaling determine the relevance of developing
new approaches aimed at optimizing the production of recombi-
nant proteins in such cells. Various areas of genetic and protein
engineering provide an opportunity to implement new individual
strategies in accordance with the requirements of a particular
technological process. One of these areas is the protein hybridiza-
tion, otherwise called fusion technology. The basis of this technol-
ogy is a gene fusion or new genes formed by joining parts of two or
more previously independent protein-coding genes. With this
methodology, different fusion systems (carbohydrate-binding
modules, proteases, immunoglobulins, stress proteins, etc.) are
used for various technological purposes and tasks: for improving
the heterologous expression and solubility of recombinant protein,
optimizing its purification from cellular debris, for increasing a
protein’s immunogenicity, etc. [6,7,8].

A number of studies demonstrate that fusion to thermotolerant
carrier proteins can affect the thermal stability of mesophilic pro-
teins hybridized with it, which can be useful from a biotechnolog-
ical point of view [9]. Thus, in Huang’s scientific work, thermally
stable maltodextrin-binding proteins of Pyrococcus furiosus
(pfMBP) significantly increased the thermal stability of the target
green fluorescent protein [6,9]. In addition, it has been shown that
some thermoresistant proteins can also improve the solubilization
parameters of fused partners [9]. It was noted that in most cases, in
order to impart such useful properties, the thermostable domain:-
target protein size ratio should be approximately 1.6:1 or 2:1 [9].

Such a strategy has become the subject of interest in applied
biotechnology not so long ago. Therefore, it is essential to supple-
ment the traditional solutions in this branch of science by expand-
ing the libraries of effective fusion partners.

In the present work, special attention was paid to adaptive
chemotaxis polypeptide of W-type (CheW, Cw) from hyperther-
mophilic bacteria of the genus T. petrophila [10] as a potential
fusion system that could be used to obtain target polypeptides in
soluble form and optimize their subsequent fine purification. The
choice was due to the fact that some chemotaxis proteins, in addi-
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tion to their main transport functions, can be involved in protein
folding and their protection from stress. In other words, proteins
such as CheW may have both chaperone-like properties [11] and
are able to participate in interaction with chaperones, thereby
affecting protein biosynthesis, which actualizes the problem that
is being investigated in the study.

The partial surface adhesin from S. pneumoniae (PspA), which is
of interest in the field of pharmacology and immunobiotechnology,
was chosen as the target protein for the association [12,13]. The
PspA was not full-sized, but represents a BP interdomain region
including part of the most immunogenic B-region (CDR) and the
part of the proline-rich domain (PRD) involving the non-proline
block (NPB) (Fig. 1). These regions represent valuable vaccine tar-
gets due to their structure and potential cross-reactivity [12,13].

It should be underlined that these pneumococcal proteins
belong to the category of non-thermophilic macromolecules, since
its maximum thermal stability does not exceed 55°C [14].

The obtained knowledge will improve understanding of the
functioning of such systems and will serve as an impetus for the
development of new specialized tools for the production of
biomedical valuable proteins in bacterial-producing systems.

2. Materials and Methods
2.1. Bacterial strains

The E. coli strain XL1-Blue [recAl endA1 gyrA96 thi-1 hsdR17
supE44 relA1 lac [F’ proAB laclqZdeltaM15 Tn10(TetR)]] Stratagene
(USA) and strain BL21(DE3) pLysS E. coli str. B F- ompT gal dcm lon
hsdSB(rB-mB-) J(DE3 [lacl lacUV5-T7p07 ind1 sam7 nin5])
[malB + |[K-12(2S) pLysS[T7p20 orip15A](CmR) were used for cloning
and expression procedures.

2.2. DNA and oligonucleotides

The commercial bacterial T7 promoter-based plasmid vector
pET21a (Novagen, USA) contains the bla gene for ampicillin resis-
tance and C-terminal histidine tag encoding sequence. This expres-
sion  system is induced  with isopropyl B-D-1-
thiogalactopyranoside (IPTG) and supports high level of transcrip-
tion in E. coli cells that lysogenised with phage » DE3 fragment
encoding the T7 RNA polymerase. Short, synthetic single-
stranded oligonucleotides known as primers were used in PCR,
while long overlapping oligos were used to assemble intermediate
fragments of target genes six oligos per stage. The length of each
oligonucleotide for assembly did not exceed 98 bases. DNA
oligonucleotides were commercially synthesized by the solid-
state amidophosphite method by Evrogen (Moscow, Russia).
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Fig. 1. Schematic diagram and amino acid sequence alignment. (a). Schematic diagram of primary structure of the pneumococcal surface protein A. (b). Multiple alignment of
amino acid sequence for a BP interdomain region of PspA from different pneumococcal strains. The last row shows the consensus sequence.

2.3. Data analysis

Homologous Sequences related to target genes and proteins
annotated in the GenBank international database were analyzed
using the Basic Local Alignment Search Tool (BLAST, USA) [15] pro-
vided by the National Center for Biotechnology Information (NCBI,
USA). DNASIS v 2.5 (Hitachi Software Engineering Co., Ltd.) and
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Clustal W [16] programs were used to align two or more amino
acid or nucleotide sequences, as well as for subsequent visualiza-
tion of sites with different homology. Cloning simulation and map-
ping of recombinant plasmids were performed using the Clone
Manager 4.0 program (Scientific & Educational Software, USA).
Polyacrylamide gel electrophoresis analysis was performed using
Image] software [17,18,19].
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The Phyre?software was used for the procedure of 3D modeling
and verifying proteins based on their primary structure and the
PDB framework of the closest homologs.

Hydropathy values (hydrophobicity) were calculated for pro-
teins using the DNASIS v 2.5 (Hitachi Software Engineering Co.,
Ltd.).

A preliminary theoretical assessment of the solubility and ther-
mal stability of target proteins by their primary amino acid
sequence was conducted using the analytical programs “Recombi-
nant Protein Solubility Prediction” and “Tm Predictor (TI)” accord-
ing to the principle described in the article [20].

2.4. E. coli competent cell preparation and transformation

To prepare competent cells, the overnight culture was diluted
100 times in SOC medium (Dia-M, Russia) and grown at 37°C for
2-3 h in a bacterial shaker incubator ES-20, Biosan (Latvia). The
bacterial culture was centrifuged in a Rotina 380R centrifuge (Het-
tich Zentrifugen, Tuttlingen, Germany) at 4,000 rpm for 5 min at
4°C. Plastic tubes with the remaining cell pellets were kept on
ice and after that, they were carefully put back into suspension
in 1 ml of a cold 50 mM solution of CaCl,. This suspension was
incubated at 0°C for 30 min and centrifuged again under similar
conditions. The precipitate was resuspended in 100 pl of cooled
50 mM CaCl, solution and carefully flicked to mix cells and 5-
10 pL of the diluted plasmid DNA or ligation mixture for transfor-
mation. After incubation for 30 min at 0°C, the mixture of compe-
tent cells and DNA was exposed to 42°C heat shock for 40-50 s and
cooled to 0°C on ice for 1 min.One ml of preheated to 37°C SOC
medium was added and the bacteria incubated with shaking at
37¢°C for 1 h. Bacterial cells were plated out onto LB agar with
ampicillin at 100 pg/ml. The next day, discrete bacterial colonies
were inoculated into 5 ml of LB medium with appropriate antibi-
otics for subsequent screening of plasmid DNA.

2.5. DNA isolation

Plasmid DNA was extracted from bacterial cells by the standard
alkaline lysis procedure [21,22]. Purification of the DNA fragments
of interest from TAE agarose gel was carried out using the “Cleanup
S-Cap” kit (Evrogen, Russia) in accordance with the manufacturer’s
recommendations.

2.6. Construction of recombinant DNA molecules

Artificial DNA constructs were assembled from synthetic
oligonucleotides (Evrogen, Russia) according to the Gibson method
with minor modifications [23,24]. During subcloning, the ligation
of restriction DNA fragments was carried out in a reaction volume
of 10 pl, using the DNA ligase of phage T4 (50-100U/pl) (Thermo
Fisher Scientific, USA) with 10X Overnight ligation buffer (Evrogen,
Russia).To successfully junction DNA fragments, the resulting mix-
tures were incubated for 14-16 h at 14°C, under the condition that
a recommended molar ratio of insert:vector DNA is 3:1-7:1. All
assembled constructs encoding chimeric proteins were verified
by PCR, restriction mapping and DNA sequencing.

2.7. Polymerase chain reaction

PCR was performed in the automatic mode in 0.5 mL thin-
walled plastic tubes (Axygen, USA) on a thermal cycler “Tertsik”
(DNA-technology, Russia). Reactions were set up as follows:
25 pl reactions with 2.5 pl of 1X Phusion buffer (“NEB”, USA),
400 pM dNTP mix, 500 nM of each primer, 2 - 5 U of Phusion
DNA polymerase (“NEB”, USA) per sample and 1 pl of template
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DNA. Amplification parameters: 98°C - 30-60 s; (98°C - 10 s,
59-65°C - 30 s, 72°C - variable) x30; 72°C - 5 min; 10°C - storage.

2.8. Confirmation of recombinant DNA sequence

DNA samples were quantified using the NanoDrop One Spec-
trophotometer (Thermo Fisher Scientific, USA). DNA sequencing
using fluorescent dye-labeled terminators was performed with an
automatic sequencer ABI PRISM 3730xl (“Applied Biosystems”,
USA) in the company “Evrogen” (Russia). Nucleotide base signal
ratios in complex sequencing data were analysed using Chromas
2.6.6 software (Technelysium Pty Ltd, Australia).

2.9. Expression and purification of fusion proteins

Recombinant E. coli cells were cultivated in 100 ml Erlenmeyer
flasks containing 30 mL of LB medium. Before induction, the cells
were intensively stirred in an orbital shaker ES-20 (Biosan, Latvia)
at 37°C and 250 rpm rotational speed. A mixture of isopropyl p-D-
1-thiogalactopyranoside (IPTG) was used as a chemical inducer of
the expression of target proteins in cells of E. coli BL21(DE3) pLysS
transformed with a plasmid containing a T7 promoter. When the
cells reached an ODggg of 0.7-0.9, the inducer was added in the rec-
ommended amount of 0.5 mM IPTG. The strain was then moved to
a 27°C shaker incubator and induced overnight. Uninduced sam-
ples were also run in parallel as negative controls.

Heat treatment (thermolysis procedure) was designed for sim-
plify the purification protocol of thermotolerant proteins as well
as remove any soluble aggregates. The biomass with the accumu-
lated recombinant protein was suspended in 5 mL of thermolysis
buffer (20 mMTris-HCl, pH (5.7-8.5), 50 mMNaCl, 1 mM EDTA,
0.1% Triton X-100). Ultrasonic cavitation at a frequency of 22 kHz
using the sonicator equipment Scientz JY96-IIN (Drawell, Shang-
hai) was used to disintegrate bacterial cells. Samples were soni-
cated 2-3 times for 50 s with an interval of 20 s on ice. Cell
lysates obtained after the disintegration of a cell population were
incubated for 40 min at 75-99°C, and then, the cellular debris
along with aggregates and denatured proteins could have been
removed by centrifugation at 8500 rpm for 5 min.

2.10. Determination of the molecular weight of a protein by
electrophoresis

All prepared samples have been studied by gel electrophoresis
under denaturing conditions in the presence of sodium dodecyl
sulfate (SDS) using 12% acrylamide gels (SDS-PAGE) and stained
with Coomassie Brilliant Blue R-250 according to the procedure
of Laemmli [25]. 2-mercaptoethanol was a reducing agent in the
loading buffer. Maximum sample loading volume per well was
9 pL for samples without heat treatment, and 16 pl for samples
with heat treatment. Prestained molecular weight marker PageRu-
ler Low Range Protein Ladder (“Thermo Scientific”) was used to
monitor the molecular weight of studied and control proteins on
SDS-PAGE.

3. Results and discussion
3.1. Bioinformatic analysis and codon optimization

As envisioned, constructed chimeric proteins were supposed to
combine the adapter protein Cw of anaerobic thermotolerant bac-
teria T. petrophila (GenBank: ABQ46258.1) sized 153 amino acid
residues and the immunogenic BP region of the surface antigen
PspA from mesophilic S. pneumoniae (GenBank: AAC62252.1) sized
131 residues in N- and C-terminal orientation relative to Cw
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domain. It matters because some fusion proteins could induce dif-
ferent effects when located at the N- or C-terminus of the joined
partner [6,26,27]. The inert poly-Glycine-Serine linker (sp) was
planned to allow spatial distance between multifunctional
domains in the fusion proteins. It is proved that Gly-rich linkers
are useful for various types of unstable interactions, where it is
necessary to create a flexible covalent bond between protein
domains to form a stable protein-protein complex. Such a linker
does not impose any restrictions on the conformation or interac-
tions of joined partner proteins [28,29,30].

If in the case of the protein from T. petrophila, we have a high
intraspecific invariance of the primary amino acid sequence, then
in the case of the target region of pneumococcal antigen A, a cer-
tain intraspecific amino acid polymorphism can be observed,
which requires a program alignment of homologous sequences
from different biovariants within the microorganism species in
order to obtain a final consensus sequence from a multiple
alignment.

Before designing N- and C-analogous of the chimeric gene, it
was also necessary to take into account modern principles of opti-
mization of the structure of genes to achieve their most efficient
expression in E. coli cells [31,32,33]. During this process, the codon
composition was optimized in the nucleotide sequences encoding
native Cw and consensus PspA. As a result, optimized homologs
of the chimeric genes PspA-sp-Cw-6His (PspACw) and Cw-sp-
PspA-6His (CwPspA) were developed in silico. These variants
became the basis for further practical work on the creation of
genetically engineered DNA cassettes (Fig. 2).

3.2. Expression vector design and molecular cloning

The assembly of planned recombinant DNA constructs was car-
ried out using the Gibson method based on DNA recombination,
which enables stepwise to assemble in vitro several overlapping
DNA fragments into a single molecule. At the same time, the plas-
mid vector pET21a (Novagen, USA) was first linearized at the
required sites using specific restriction endonucleases or PCR,
and then used for splicing with prearranged synthetic oligonu-
cleotides. To accomplish this, the resulting equimolar mixture of
DNA was mixed with 10 pl of a 2-fold Gibson Assembly Cloning
Kit master mix (ISO buffer; Phusion DNA polymerase; Taq DNA
ligase; T5 exonuclease) (NEB, USA). The reaction mixture was incu-
bated at 50°C. At the next stage, the transformation of competent
E. coli cells of 10 pl of the ligase mixture was carried out. Verifica-
tion of assembled molecules was conducted by restriction map-
ping, PCR with corresponding primers (Cw-F: cat atg aaa acc ctg
gcg gat geg ctg aaa ga; Cw-R: acc tag ctc att cag gge tge gtc taa
ctc ttt ct; Pas-F: atg aaa gaa ggc ctg gaa cag gcg att a; Pas-R: gcc
agt ttc acg cct tct ttc acg gta), and sequencing. Thus, recombinant
plasmids pET-PspACw and pET-CwPspA were generated, in which
the genes of interest were controlled by highly effective regulatory
elements: the T7 promoter recognized by the phage-derived T7
RNA polymerase and the T7 transcription terminator.

PspA CheW 6x His
(a)

Sp

6x His

CheW sp PspA

(b)

Fig. 2. Schematic diagram representing the construction of the chimeric gene
cassettes of (a) PspACw and (b) CwPspA. His-tagged protein products with linkers
sized 296 aa were encoded by 888 bp long gene.
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3.3. Small-scale expression of recombinant PspACw and CwPspA

E. coli BL21(DE3) pLysS host cells have been made competent by
using previously reported transformation solutions and then trans-
formed with constructed uncut recombinant plasmid DNA as well
as pET-TpeCheW plasmid which carried gene encoding the original
thermostable Cw protein as one of the controls. A commonly used
LB nutrient-rich medium was implemented for the cultivation of
bacteria and higher biomass yields. The levels of inducibility and
expression of target proteins in microbial cells were checked after
the introduction of an inducing mixture into the medium, as
described in the methodological section.

The results of SDS-PAGE revealed the appearance of a protein
band of the expected molecular weight of approximately 34 kDa,
corresponding to CwPspA hybrid protein (Fig. 3). In the case of
the PspACw homolog, the electropherogram showed the occur-
rence of only minor bands at 68 — 70 kDa, which could indicate
the self-association of this protein to form dimers. Perhaps, this
is due to the fact that some proteins can still exist in the form of
homodimeric or heteromeric complexes, even in the presence of
reducing agents.

The expressed CwPspA protein represented over 27% of the total
cell protein (TCP) content as determined by SDS-PAGE densitome-
try. At the same time, the expression level of PspACw was minor
and did not exceed 6% of TCP. After purification, average protein
yields for PspACw and CwPspA were in the range of 40 to
230 mg/L of culture, respectively.

It should also be noted that the growth of cells transformed
with constructed recombinant plasmids before and after induction
significantly differed from each other, which was clearly demon-
strated in the diagram reflecting the dynamics of biomass accumu-
lation (Fig. 4). Comparing these data with the final level of PspACw
expression, it could be concluded that this protein was poorly tol-
erated by E. coli, possessing, apparently, a specific toxicity for
prokaryotic cells.

3.4. Optimal pH and temperature range

A preliminary assessment of the solubility and thermal stability
of the target chimeric proteins was performed using the analytical
programs “Recombinant Protein Solubility Prediction” and “Tm
Predictor (TI)". For PspACw and CwPspA proteins, the calculated
solubility rates exceeded the average values, while the TI values
were > 1, which indicated potentially high thermal stability. To
verify these data, induced E. coli cells were subjected to ultrasonic
disintegration and thermolysis in a special buffer for 40 min at an
elevated temperature of 75-99°C, followed by sedimentation of
denatured proteins of host cell in the centrifugal field.

The crucial indicator for the constructed proteins is thermal sta-
bility, therefore, the main phase for the study was the supernatant,
which was supposed to include exactly the most thermostable and
soluble protein fractions. The assay showed that only the chimeric
CwPspA protein had a sufficient level of thermal stability and was
distributed mainly in the soluble fraction of cellular lysate (Fig. 3
and Fig. 5). A characteristic expanded smear appears only at a tem-
perature of 99°C, and inconspicuous stripes indicate that this chi-
meric protein at a temperature of >99°C first begins to fall apart
into fragments of smaller sizes and even into individual amino
acids. Along the way, it was determined how much pH affects ther-
mal stability at different temperatures. The CwPspA separation
bands appeared the same picture and intensity on the gel for all
pH ranges from 5.7 to 8.5 (shown at pH 7.5). Thus, the pH did
not have a special effect on the thermal stability. This is a very
promising result, since it will allow further use of this protein with
different buffer systems and with physiological pH values.
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Fig. 4. Growth curves of BL21 (DE3) pLysS harboring the expression vectors of interest. Recombinant strains were cultured at 27°C; 0.5 mM IPTG was added in mid-log phase

of cell growth; the OD600 values were determined at different time points.

3.5. Simple protein isolation and purification

To purify proteins, pellets of induced E. coli cells were
suspended in a special thermolysis buffer (see Materials and
Methods) at the rate of 10% of the culture volume. The cell suspen-
sion was treated with ultrasound in an intensive mode, on ice. The
samples were heated at 80-99°C for 40-45 min, after which the
cellular debris and denatured proteins were removed by centrifu-
gation. Crystalline ammonium sulfate was added to the decanted
supernatant to 80% saturation, and the mixture was left for 20 h
at 4°C to concentrate recombinant proteins. The solution was
purified by centrifugation (15 min, 14000 rpm); the precipitate
was either lyophilized or dissolved in a storage buffer (20 mM
Tris-HCI; pH 7.5; 10 mM EDTA; 10% glycerin) and stored at —20°C.

3.6. 3D structure prediction

The knowledge of proteins’ tertiary structure is useful for the
understanding of their functions or applications. Three-
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dimensional shapes for created chimeric proteins were recon-
structed in a software package available on the Phyre® portal
[34]. This server uses the alignment of hidden Markov models
(HMM), simulating the operation of a process similar to the Mar-
kov process with unknown parameters, where the task is to decode
unknown parameters based on the observed ones.

At the same time, to ensure maximum reliability, based on
heuristic methods, templates are selected as objects for compar-
ison, and an innovation is used - “ab initio folding” modeling to
the reconstruction of protein regions without visible homology
[34,35]. The generated 3D models were analyzed using a set of util-
ities of the Visual Molecular Dynamics (VMD) program for molec-
ular visualization [36].

The three-dimensional model generated for the PspACw
(Fig. 6a) shows that secondary structure of the protein consists of
o-helices (approximately 47%) and B-strands (approximately
25%), which corresponded to the values calculated from the atomic
structure of the protein. The CwPspA protein (Fig. 6b) accounts for
43% a-Helices and 21% B-sheets. Hydropathy values of peptides are
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Fig. 5. SDS-PAGE of the thermolytic purified recombinant protein CwPspA. Lane 1-4: negative controls of induction or heating of CwPspA; Lane 5: molecular weight marker
(M); Lane 6-10: the studied samples of induced CwPspA with thermal treatment. The abbreviations above each line: I — induced, Ul — un-induced, WH — without heating,
75°C — heating at 75°C, 80°C — heating at 80°C, 85°C — heating at 85°C, 90°C — heating at 90°C, 99°C — heating at 99°C. The blue arrow points to corresponding protein bands.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

(b) S

Fig. 6. Comparison of the 3D models of recombinant proteins with N- and C-terminal PspA exodomain location. (a) Predicted three-dimensional structure of PspACw
chimeric protein. (b) Predicted three-dimensional structure of CwPspA chimeric protein. The predicted structures were obtained with Phyre? [34].

calculated based on the Hopp and Woods hydrophilicity scale [37],
according to that, the average hydropathy value for the above-
mentioned chimeric proteins was 0.76 and 0.28, respectively.

4. Conclusions

In the course of work, artificial genetic constructs have been
developed to produce fusion proteins that did not exist in nature
in such a domain combination before. These proteins contain one
copy of the thermostable adaptive polypeptide CheW (Cw) of the
hyperthermophilic microorganism T. petrophila and a copy of the
immunogenic BP inter-domain of PspA antigens from S. pneumo-
niae in the N- and C-terminal mutual arrangement. The introduc-
tion of glycine-serine-rich linkers at the points of joining the
CheW and PspA genes was intended to provide good flexibility
and solubility of the final sequence, correct orientation and dis-
tancing of the two fused domains to allow their independent fold-
ing in the chimeric protein.
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This study reveals new possibilities for using the heat-tolerant
chemotaxis polypeptide Cw from T. petrophila as a very effective
partner for fusions with some mesophilic proteins. Such an associ-
ation gives the mesophilic domain additional thermal stability
being as part of the chimeric protein. The principles for this
phenomenon remain unclear. But thanks to the knowledge that
the conformational stability of proteins may also depend on reso-
nance energy transfer (RET) [38,39,40], it can be assumed that
the phenomenon of inductive thermal stability may be based on
effects similar to the RET described by Theodor Forster for a num-
ber of molecules.

The obtained C-terminal homolog of the hybrid protein
(CwPspA) had molecular weight fully corresponding to the theo-
retically calculated one (=~ 34 kDa), overexpressed in soluble form
to high level (>27% of TCP), had the high-temperature resistance in
the wide pH range (75-99°C, 40 min). Only at a temperature of
99°C, a part of the protein begins to break down after 40 min expo-
sition. According to the results of the densitometric analysis, it has
been shown that the purification of such protein can be minimized
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to a low-stage process, which is based on extremely high-
temperature treatment. Proteins purified in a similar manner pos-
sessed a sufficiently high purity (>90%) and represent a well-
defined protein band, which shows its homogeneity.

The hydrophilicity profiles (not shown) for both variants of
engineered proteins are equally distributed amongst the entire
molecule with uniformly alternating zones of higher and lower
hydrophilicity. Meanwhile, the average values of the hydropathy
coefficient on the Hopp-Woods scale for the CwPspA were slightly
lower, which may indicate its higher hydrophobicity.

Computer-based 3D modeling showed the presence of a very
compact structure of the PspACw stabilized by tertiary interactions
between secondary structure elements. In this case, the pneumo-
coccal antigen appeared inside the protein globule. The analysis
suggested that the C-terminal location of PspA region leads to their
independent folding, without being enclosed inside the whole
globule of the CwPspA protein. From the standpoint of immuno-
biotechnology (subunit vaccines and diagnostic test-systems com-
ponents), this is an undoubted advantage, since this domain is well
presented and remains sterically accessible.

Our results show that the fusion protein with a C-terminal loca-
tion of PspA part provides an excellent expression, thermal stabil-
ity and solubility benefit when compared to an analogous fusion in
which PspA is the N-terminal fusion partner.

Therefore, the obtained scientific data and designed chimeric
protein CwPspA have the necessary conditions that offer new
opportunities for its subsequent application in various areas of
biotechnology and immunology.
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