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Resumo

BOTTON, Nadalin Yandra. Construgao, caracterizagao, antigenicidade e
imunogenicidade de proteina multiepitopo dos Alphaherpesvirus bovinos 1 e
5. 2024. 87f. Tese (Doutorado em Ciéncias) - Programa de Pds-Graduagéo em
Veterinaria, Faculdade de Veterinaria, Universidade Federal de Pelotas, Pelotas,
2024.

Os herpesvirus bovinos sdo importantes microrganismos causadores de disturbios
respiratorios, reprodutivos e encefalicos que ainda acometem as criagdes de bovinos
em todo o mundo, podendo também afetar bubalinos, ovinos e caprinos. A vacinagao
€ 0 método mais efetivo de controle e redugdo das doengas provocadas por esses
microrganismos, e nesse ambito, diferentes plataformas vacinais tém sido
desenvolvidas ao longo dos anos com essa finalidade. O objetivo deste estudo foi o
desenvolvimento de uma proteina multiepitopo a partir da unido de epitopos
imunodominantes das glicoproteinas B, C e D dos BoAHVs 1 e 5, e sua avaliagéo para
utilizacao em teste diagndstico e vacinagdo de bovinos sob condigbes de campo.
Inicialmente foi realizada a recuperagao (NCBI) e curadoria (MUSCLE e BLASTp) das
sequencias das glicoproteinas dos organismos de interesse, para posterior predi¢ao
de epitopos reconhecidos por linfocitos B (BepiPred 2.0), células T citotéxicas
(NetMHCpan EL 4.1) e células T helper (NetMHClIpan 4.0). Posteriormente a analise
de antigenicidade (Vaxiden 2.0), a proteina multiepitopo, que daria origem a vacina
multiepitopo, foi montada utilizando os ligantes GGGGS e EAAAK entre os epitopos
de uma mesma glicoproteina ou entre os epitopos de glicoproteinas diferentes,
respectivamente. Apds, as analises de parametros fisico-quimicos e perfil de
alergenicidade, foram realizadas através dos servidores ProtParam e AlgPred seguida
de uma nova analise de antigenicidade (Vaxiden 2.0). A modelagem e o docking
molecular foram realizados através dos servidores |-TESSER e ClusPro,
respectivamente, com o modelo do receptor TLR bovino obtido através do banco de
dados AlphaFoldDB. Para a expressao da proteina multiepitopo o vetor pET24a
contendo o gene de interesse foi utilizado para transformar a cepa de E. coli BL21
(DE3) Star por choque térmico. O cultivo foi realizado em 500 mL de meio LB liquido
sob condic¢des ideias para o seu crescimento e expressao da proteina multiepitopo.
Em seguida a amostra foi processada e em sequéncia purificada por cromatografia de
afinidade no equipamento AKTA Purifier, para posterior didlise e quantificagdo por
BCA. A caracterizagao foi realizada por Western blotting e a antigenicidade por teste
de ELISA indireto com protocolo in house. A imunogenicidade foi avaliada a partir da
imunizagao de 5 bovinos com 400 ug da proteina multiepitopo conjugada com o
adjuvante Montanide™ ISA 50 V2, pela via intramuscular (vacina multiepitopo). O
grupo placebo foi inoculado com solugéo salina tamponada (PBS). Para determinagao
do nivel de anticorpos totais 1gG, o teste de ELISA indireto, com protocolo in house,
foi empregado. A proteina multiepitopo apresenta 321 aminoacidos, peso molecular



de 33.24 kDa, pl tedrico de 9.88, estimativa de meia vida em E. coli de >10 horas,
GRAVY de -0,507, antigenicidade de 1.1543 e se caracteriza como instavel e sem
potencial alergénico. A proteina multiepitopo também é capaz de interagir com alta
energia de interagédo (-1264.7 kcal/mol) com 88 membros do cluster. Suas fracdes
soluvel e insoluvel foram reconhecidas pelo anti-HIS6x em um Western blotting,
caracterizando-a pelo seu peso molecular de ~33 kDa. A proteina multiepitopo foi
fortemente reconhecida pelos anticorpos IgG-anti-alphaherpesvirus dos soros
bovinos, demonstrando sua antigenicidade. A vacina multiepitopo foi capaz de induzir
uma resposta imunolégica humoral a nivel de IgG total. A proteina multiepitopo pode
ser utilizada em testes diagnosticos e em vacinas contra os Alphaherpesvirus bovinos
1eb.

Palavras-chave: herpesvirus bovinos; bioinformatica; vacina multiepitopo;
diagnostico; glicoproteinas.



Abstract

BOTTON, Nadalin Yandra. Construction, characterization, antigenicity and
immunogenicity of multiepitope protein of Bovine alphaherpesvirus 1 and 5.
2024. 87f. Thesis (Doctor degree in Sciences) - Programa de Pds-Graduagéo em
Veterinaria, Faculdade de Veterinaria, Universidade Federal de Pelotas, Pelotas,
2024.

Bovine herpesviruses are significant microorganisms responsible for respiratory,
reproductive, and encephalic disorders that continue to affect cattle farming worldwide,
with potential impacts on buffaloes, sheep, and goats as well. Vaccination is the most
effective method for controlling and reducing diseases caused by these
microorganisms. In this context, various vaccine platforms have been developed over
the years to achieve this goal. The objective of this study was the development of a
multiepitope protein derived from the union of immunodominant epitopes of
glycoproteins B, C, and D of BoAHVs 1 and 5, and its evaluation for use in diagnostic
tests and vaccination of cattle under field conditions. Initially, the retrieval (NCBI) and
curation (MUSCLE and BLASTp) of the glycoprotein sequences of the target
organisms were performed, followed by the prediction of epitopes recognized by B
lymphocytes (BepiPred 2.0), cytotoxic T cells (NetMHCpan EL 4.1), and helper T cells
(NetMHCllpan 4.0). Subsequently, after the antigenicity analysis (VaxiJen 2.0), the
multiepitope protein, which would serve as the basis for the multiepitope vaccine, was
constructed using GGGGS and EAAAK linkers between epitopes of the same
glycoprotein or between epitopes of different glycoproteins, respectively. Following
this, analyses of physicochemical parameters and allergenicity profiles were
conducted using ProtParam and AlgPred servers, respectively, followed by another
antigenicity analysis (Vaxiden 2.0). Protein modeling and molecular docking were
performed using the I-TASSER and ClusPro servers, respectively, with the bovine
TLR-7 receptor model obtained from the AlphaFoldDB database. For the expression
of the multiepitope protein, the pET24a vector containing the gene of interest was used
to transform the E. coli BL21 (DE3) Star strain via heat shock. Cultivation was carried
out in 500 mL of liquid LB medium under optimal conditions for growth and expression
of the multiepitope protein. The sample was then processed and subsequently purified
using affinity chromatography on an AKTA Purifier system, followed by dialysis and
quantification using the BCA method. Characterization was performed through
Western blotting, and antigenicity was evaluated via indirect ELISA using an in-house
protocol. Immunogenicity was assessed by immunizing five cattle with 400 ug of the
multiepitope protein conjugated with Montanide™ ISA 50 V2 adjuvant, administered
intramuscularly (multiepitope vaccine). The placebo group was inoculated with
phosphate-buffered saline (PBS). To determine total IgG antibody levels, an indirect
ELISA test using an in-house protocol was employed. The multiepitope protein
consists of 321 amino acids, has a molecular weight of 33.24 kDa, a theoretical pl of



9.88, an estimated half-life in E. coli of >10 hours, a GRAVY score of -0.507,
antigenicity of 1.1543, and is characterized as unstable and non-allergenic. The
multiepitope protein was also capable of interacting with a high binding energy (-1264.7
kcal/mol) with 88 cluster members. Its soluble and insoluble fractions were recognized
by anti-HIS6x antibodies in a Western blotting assay, confirming its molecular weight
of approximately ~33 kDa. The multiepitope protein was strongly recognized by I1gG
anti-Alphaherpesvirus antibodies from bovine sera, demonstrating its antigenicity. The
multiepitope vaccine successfully induced a humoral immune response at the total IgG
level. The multiepitope protein can be employed in diagnostic tests and vaccines
against bovine Alphaherpesviruses 1 and 5.

Keywords: bovine herpesviruses; bioinformatics; multiepitope vaccine; diagnosis;
glycoproteins.



