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W3-3a mporpeccupyromiero pocra OakTeprii, BHI3BAHHOTO MIMPOKAM TPHIMEHEHHEM aHTHOMOTHKOB,
JICYCHUE CTPENTOKOKKO3a CTAHOBHTCS Bce Ooyiee CIOKHOW 3amaueil. HeoOxommma HamexHas
BaKIMHAIUS TIPOTHUB Streptococcus suis. COBpeMEHHbBIE BO3MOKHOCTH MOJIEKYIIIPHON THATHOCTHKH
M TeHHOU HWHKCHEPUHU CO3Aat0T NEPCIICKTUBLI JJI IIPAMOIO KIIOHUPOBAHU A IIPOTCKTUBHBIX STTUTOIIOB
rera Lmb mectHOTrO mTamma S. suis B TIPEUIOKEHHYIO CHCTEMY JOCTaBKH aHTUT€HAa WMMYHHOUN
cucrembl cBuHel. Cpenu HocuTenell opalbHbIX BakMH Bacillus subtilis mpu3HaHa OTHOCHTEILHO
9KOJIOTHYECKH YUCTBHIM HOcHTEeNeM ¢ 3(()EKTHBHOW CHCTEMOW CeKperuu OenKka W aJalTHBHBIM
MeTabOoIM3MOM, CIIOCOOHAs MPOAYLHUPOBATh CIOPBHI B OTHOCHTEIBHO JKECTKHX YCIOBHSX. JTO
CBOMCTBO CIIOP MOYKET HCITOITL30BATHCS IS TOBBIIICHNS CTAOMIBHOCTH M BO3MOKHOCTH IIOBTOPHOTO
HCIIOJIB30BaHUs BAKIWH. I/I3yqua BO3MOXHOCTb HCIIOJIb30BaHUA MPOTCKTUBHBIX 3MUTOIIOB Lrnb
S. suis B coctaBe B. subtilis B kKa4ueCTBE HOCUTEIII OPAIbHONH PEKOMOMHAHTHOW BAKITUHBI IIPOTHB
Streptococcus suis. HykneoTHaHbIE TOCIEIOBATEIBHOCTH S. Suis TONy4YeHBl B 0a3e JaHHBIX
GenBank mociie mpeBapuTeT-HOTO aHAJH3a TUTEPATyPHBIX TAHHBIX 00 M3BECTHBIX MPOTEKTHBHBIX
aHTUreHax S. Suis Ppa3IMYHBIX CEPOTHIOB. AHalU3 HYKJICOTHUAHBIX MOCIEI0BATEIHLHOCTEH
MIPOBOIIIIH C UCTIONb30BaHNeM mporpamMmmuoro obecrederuss Unipro UGENE v. 43.0. /[ mowcka
T (CTL u Th) u B 3aBucumMsIx snutonos rena Lmb ucnonp3oBanu The Immune Epitope Database
(IEDB). [IpuBeneHO onucaHme CKOHCTPYHPOBaHHOW Ha OCHOBE KOMITHIOTEPHOTO AM3aifHa BAKIHEI,
B KoTopol crporHo3upoBana jokanu3zaiuss CTL, B u Th snuromoB. OmnucaHbl pe3ysibTarhl
KJIOHHPOBAHHUS TIOCIICA0BATEIFHOCTH aHTUT€HHO-aKTHBHOTO 31HToNa Oenka S. suis Lmb B B. subtilis
JUI TOCIIEYIOIIET0 TEPOPATbHOTO BBEICHUS W M3YyYEHUS HM3MEHEHUH HMMYHOJOTHYECKHUX
peaknuii ¥ MOOOYHBIX peaKkNui y >KMBOTHHIX. BBISBIEHAa BO3MOXXHOCTH KIOHHPOBATH SMHUTOIIBI
pexomOuHaHTHOTO Oenka Lmb S. suis B nonunuakep Bektopa pBE-S. B nepcniektuse npencranisercs
BO3MOYKHBIM CO3/IaTh HOBYIO HEIOPOTYIO M YIOOHYIO B OKCIUTyaTallid BaKIMHY MPOTHB S. Suis, HE
TpeOYIOILYI0O MHBEKLIMOHHOTO BBEJICHUSI.
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Due to the progressive growth of the bacteria caused by the widespread use of antibiotics, treatment
of streptococcosis is becoming increasingly difficult. Reliable vaccination against Streptococcus suis

78

Siberian Herald of Agricultural Science * 2022 « 52 « 6 Zootechnics and Veterinary Medicine



HWcnonws3oBanue Bacillus subtilis B xadecTBE HOCUTEIIS] OPATBEHON
BAKIHMHbI IPOTHB Streptococcus suis

Adontromikun B.H., ®yrn SIu, Muponosa T.E., Hedenora E.B.,
Kunsn A.C., Konires B.1O., lonuenko H.A.

is necessary. Modern molecular diagnostic and genetic engineering capabilities create prospects for
direct cloning of the protective epitopes of the Lmb gene of the local S. suis strain into the proposed
delivery system of the pig immune system antigen. Among oral vaccine carriers, Bacillus subtilis is
recognized as a relatively environmentally friendly carrier with an efficient protein secretion system
and adaptive metabolism capable of spore production under relatively harsh conditions. This spore
property can be used to increase the stability and reusability of vaccines. The possibility of using the
protective Lmb epitopes of S. suis in B. subtilis as a carrier of an oral recombinant vaccine against
Streptococcus suis was studied. The nucleotide sequences of S. suis were obtained from the GenBank
database after a preliminary analysis of literature data on the known protective antigens of S. suis of
various serotypes. Nucleotide sequence analysis was performed using Unipro UGENE v. 43.0. The
Immune Epitope Database (IEDB) was used to search for T (CTL and Th) and B dependent epitopes
of the Lmb gene. A computer-designed vaccine in which localization of CTL, B, and Th epitopes
is predicted is described. The results of cloning the sequence of the antigenically active epitope of
the S. suis Lmb protein in B. subtilis for subsequent oral administration and study of changes in
immunological reactions and adverse reactions in animals are described. The possibility to clone the
epitopes of recombinant S. suis Lmb protein into the pBE-S polylinker vector was revealed. In the
long term, it seems possible to create a new inexpensive and easy-to-use vaccine against S. suis that
does not require injection.
Keywords: Streptococcus suis, oral vaccine, Bacillus subtilis, epitope, Lmb
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INTRODUCTION mission) [4]. Despite the fact that contact with
infected meat or animals through wounds is
insignificant, the predominant route of S. suis
transmission to humans is the consumption of
undercooked, infected pork. In both pigs and

humans, S. suis can cause meningitis, septice-

Streptococcus suis (S. suis) 1s a gram-posi-
tive coccus [1] that can be divided into 35 se-
rotypes according to different antigens of the
Streptococcus capsular polysaccharide /2].
Due to the progressive increase in bacterial re-

sistance caused by the widespread use of an-
tibiotics, the treatment of S. suis is becoming
increasingly difficult, leading to an increasing
need for effective vaccination against it /3/.
The route of transmission of S. suis in pigs
is usually as follows: piglets become infected
in the mother (vertical transmission) or from
other animals in the herd (horizontal trans-

mia, and other diseases. This infection causes
an acute zoonotic infectious disease [5, 6].
Over the years, scientists have studied vari-
ous new vaccines. In our study, it was decided
to choose an oral vaccine with live bacteria as
the carrier. We believe that oral administration
can be simple and easy to implement in practice
and can also stimulate mucosal immunity [7].
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Among oral vaccine applicators, the bacterium
Bacillus subtilis (B. subtilis) is recognized as a
relatively environmentally friendly host with
an efficient protein secretion system and adap-
tive metabolism. This microorganism can also
produce spores under relatively harsh condi-
tions [8]. This property of spores can be used
to increase the stability of vaccines under rela-
tively unfavorable conditions of storage and
application [9]. The technology of using spore-
forming bacteria has been successfully applied
in various industries, including vaccine produc-
tion [10]. Thus, B. subtilis is an optimally suit-
able carrier of vaccine antigens.

After selecting a strain as a vaccine vector,
we need to develop a vaccine. Lmb is an extra-
cellular protein first discovered in S. agalactiae
in 1999 [11], then in various Streptococcus spe-
cies [12, 13]. Subsequent studies have shown
that Lmb protein may have protective ability
against streptococcal infection (see Fig. 1).

Lmb is a surface protein involved in the ab-
sorption of zinc ions (possibly a zinc receptor).
These proteins associated with bacterial adhe-
sion belong to the lipoprotein receptor family.
Immunization of mice has shown that specific
antibodies produced by the Lmb protein can ef-

fectively resist streptococcal infection'.

The purpose of the study was to investigate
the possibility of using the protective Lmb epi-
topes of S. suis in B. subtilis as a carrier of an
oral recombinant vaccine against S. suis.

MATERIAL AND METHODS

The work was performed at the Pharmacoge-
nomics Laboratory of the Institute of Chemical
Biology and Fundamental Medicine SB RAS,
as well as in the Molecular Biology Sector of
the Siberian Federal Center of Agro-BioTech-
nologies RAS. The §. suis nucleotide sequences
were obtained in the GenBank database after
preliminary analysis of the literature data on
the known protective antigens of S. suis of vari-
ous serotypes. The nucleotide sequences were
analyzed using Unipro UGENE v. 43.0. The
Immune Epitope Database (IEDB) was used

'"URL: http://www.iedb.org/.

Puc. 1. Lmb: noBepXHOCTHBII O€NIOK, CBSI3bIBAIO-
IIUHA JaMUHAH

Fig. 1. Lmb: surface laminin binding protein

to search for T (CTL and Th) and B dependent
epitopes of the Lmb gene (see footnote 1).

Primer design was performed to clone and
model the cloning process of Lmb gene regions
containing T (CTL and Th) and B dependent
epitopes by ligation at the BamH I, HindIII
restriction sites into the shuttle vector pBE-S
polylinker. S. suis DNA was isolated by silico-
sorption method from field isolates provided by
Alexis LLC. PCR was performed using gen-
erally accepted methods on a Tercik amplifier
("DNA Technology" LLC, Russia).

To clone a fragment of the Lmb gene, the following
primers were developed:

- Fwd Lmb: 5-GAGGGATCCGCGATGTT
AAAGAAAGTGATAAG-3’;

— Rev Lmb: 5’-GACAAGCTTGGGTAAA
AGTTCACCAATCGC-3".
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RESULTS AND DISCUSSION

We used a computer-based vaccine design
to predict the candidate epitopes (i.e., antigenic
determinants) obtained using the algorithms
provided on the website (see footnote 1). After
screening the laminin-binding protein (Lmb)
was selected as the vaccine antigen (see Fig. 2).

According to bioinformatic analysis, one
CTL epitope was found at the positions 12-20
of Lmb amino acid residues; four B-cell epi-
topes were found at the positions 65-75, 131-
141, 179-189 and 279-287 of Lmb amino acid
residues, respectively. Epitopes 1 Th were
found at the positions 12-20 of Lmb amino acid
residues (see Table 1).

The study applied techniques to analyze a
possible other epitope of the protein sequence
and then used the pBE-S vector to transform
the com-position containing the protective Lmb
epitope in B. subtilis. Enteroinvasive B. subtilis

strain 53 IHBFM (isolated and studied earlier)
was used as a vector strain.

The pBE-S vector is capable of expressing
the recombinant protein in B. subtilis cells and
has an additional source of replication (origin)
in Escherichia coli cells. The primers we devel-
oped have additional Bam H1 and Hind III re-
striction sites, which makes it possible to clone
the epitopes found in the polylinker of this vec-
tor, including their amplification from primary
S. suis isolates and pathological material (see
Fig. 3).

Bioinformatic analysis of S. suis Lmp gene
revealed antigenic epitopes which are promis-
ing for recombinant vaccine creation: one CTL
epitope was found at the positions 12-20 of
Lmb amino acid residues, four B-cell epitopes -
at positions 65-75, 131-141, 179- 189 and 279-
287 amino acid residues Lmb, respectively. Th
1 epitopes were found at the positions 12-20 of

=AER14507.1 laminin binding protein [Streptococcus suis S512)
NII_KKVIRGCF\/_QCSM]KEASQVQPGMKIVTSFYPIYSLVKEVSGNKNDVRMIGSRQGIHSYE
PSAADIKAYDADVFIYHSRILESWAGRLEPNLQGSSVKVLEASTNLPLTKVPGLEDMEAGQGIDEASLY
DPHTWLDPVLVGQEAVAIGELLAESDPKNADYYRQNAATLEGKAQKLADKYSPIFLKATSKTFVTQHTAF

SYTAQRFGLKAQLGIAGVSEEEPSPROLAEIKEFVDTYNVQTIF TEKGASDKLAKALASSTGVDLKVLDPL

EADPENNLTYLENLEQVLETLAQELK

Puc. 2. Jloxammzarus srrronioB LTI u B-xerok Lmb mo manHbEIM 6HOMH(OPMATHISCKOTO aHATH3A.

[Mpumeuanne. Dnuton LITJI (uurorokcuueckue T-kieTku, nurorokcndeckue T-1uM(OIUTh) OTMEUCH
(bMOJICTOBBIM, CErMEHThI B-KJI€TOUHOTO 3MHUTONA — CUHUM, 31UTOI Th — 3€IeHbIM.

Fig. 2. Localization of CTL epitopes and B-cells Lmb according to bioinformatics analysis

Note. The CTL epitope (cytotoxic T-cells, cytotoxic T-lymphocytes) is marked in purple, the B-cell
epitope segments are marked in blue, the Th-epitope is marked in green.

Ta6a. 1. AMUHOKUCIOTHBIE U HyKIeoTuaHbIe mocienoarensHocTr CTL, B 1 Th smuronoB Lmb Gen-

ka S. suis (SS12)

Table 1. Amino acid and nucleotide sequences of CTL, B, and Th epitopes of Lmb of S. suis (SS12) protein

N | Nucleotide sequence | Amino acid sequence

Predicted epitope B

1 GGCATACACTCTTATGAACCATCGGCTGCGGAC GIHSYEPSAAD

2 GGTCAAGGGATTGATGAAGCTAGTTTATATGAC GQGIDEASLYD

3 ACTTTAGAGGGAAAGGCGCAAAAGTTGGCAGAC TLEGKAQKLAD

4 CCTCTTGAAGCAGATCCAGAAAATAAT PLEADPENN

Predicted epitope CTL

1 | GCCTTATTCGGTTTTGTTTTAGCAGCT | ALFGFVLAA
Predicted epitope Th

1 TTGGTTGGTCAGGAAGCTGTTGCGATT LVGQEAVAI

2 TTTGTCACTCAACACACAGCCTTCTCT FVTQHTAFS
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Kan R

AmpR

PCR fragment

Bam HI (325)

Bam HI (771)

Hmd III (823)

|| His-tag

pUB-s-Imb S.suis
6430 bp

ColE 1 ori

Puc. 3. Kapra mnazmugnoro Bektopa pBE-S co BecraBkoit S. suis Lmb:

pUB ori — opumkus s poxa Bacillus (caiit ctapra Hauana perumkanun mwia3musl); ColE 1 ori — opumkuH 1
E. coli; Kan R — reH ycToiUMBOCTH K KaHAMUIIUHY (SKCIpECCHpyeTcs B OakTepusix pona Bacillus); Amp R — ren
YCTOHYMBOCTH K aMIUIIWILIAHY (dKcTpeccupyercs B Escherichia coli); His-tag — THCTUIWHOBEII XBOCT Ha HUKE-
JIEBBIX KOJIOHKAX JUIs BRIACNCHIS pekoMOnHanTHoro Oenka; Hind 111 (823), Bam HI (771), Bam HI (325) — caiiter
pectpukunu; Lmb — ¢pparment anturena S. suis; aprE Sp; RBS — npomoTepHast 00macTh 1t SKCTpeccuu Oenka y

MHKPOOPTaHU3MOB pona Bacillus

Fig. 3. Map of plasmid vector pBE-S with S. suis Lmb insert:

pUB ori - origin for Bacillus genus (plasmid replication start site); Col E1 ori - origin for E. coli; Kan R, kanamycin
resistance gene (expressed in Bacillus bacteria); AmpR, ampicillin resistance gene (expressed in Escherichia coli);
His-tag, histidine tail on nickel columns for recombinant protein isolation; Hind 111 (823), Bam HI (771), Bam HI
(325), restriction sites; Lmb, fragment of S. suis; aprE Sp; RBS, promoter region for protein expression in microor-

ganisms of the genus Bacillus

Lmb amino acid residues. The proposed deliv-
ery system for recombinant protective antigens
of S. suis includes the plasmid vector pBE-S as
part of the enteroinvasive strain B. subtilis BS3
IHBFM.

CONCLUSIONS

1. The possibility to clone the epitopes of recom-
binant S. suis Lmb protein into the pBE-S vector poly-
linker was revealed.

2. In the long term, it seems possible to create a
new inexpensive and easy-to-use vaccine against S. suis

that does not require injection.

Modern possibilities of molecular diagnostics and ge-
netic engineering create perspectives for direct cloning
of protective epitopes of Lmb gene of local S. suis strain
into the proposed system of antigen delivery to pig im-
mune system.
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