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Abstract: The dominant epitopes from six conserved outer membrane proteins of Neisseria gonorrhoeae (NG)
were screeed, multi—epitope subunit vaccines were designed, and the immune responses against them were
simulated. Firstly, computer simulation of six outer membrane proteins was performed through the C-ImmSim
online server, and the dominant cytotoxic T lymphocyte (CTL) epitopes, helper T (Th) cell epitopes and B cell
epitopes were screened from outer membrane proteins with strong CTL, Th cell and B cell immune responses,
respectively. Secondly, after the antigenicity, allergenicity, and toxicity analysis of each candidate epitope,
candidate epitopes with different arrangement and combinations were connected with antimicrobial peptide
and PADRE sequences to construct multi—epitope subunit vaccines. Thirdly, the designed multi—epitope sub—

unit vaccines were simulated by computer to evaluate their abilities to induce humoral and cellular immunity.
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Finally, the candidate subunit vaccines with good immune effect were screened and further evaluated for
antigenicity, allergenicity, physicochemical properties, solubility, and secondary structure to ensure that the
candidate subunit vaccines meet the vaccine design standards. Through these processes, eight candidate CTL
epitopes, 10 Th cell epitopes, and 14 B cell epitopes were selected out, and a total of 64 multi—epitope sub—
unit vaccines were designed. Among them, three subunit vaccines had satisfactory immune simulation results,
with strong antigenicity, no allergenicity to human body, and no cytotoxicity, were all stable proteins with
good hydropathicity and heat resistance, achieved soluble overexpression in E. coli, and had strong affinity
with antibodies, all of which met the standards for vaccine design. The results indicated that the bioinfor—
matics prediction based mainly on C—ImmSim had a good application prospect in the reverse design of multi—
epitope subunit vaccines and high—throughput preliminary screening of their immune effects. This study pro—
vided a new and effective approach for the development of N. gonorrhoeae vaccines.
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Table 1 Basic information on the six outer membrane proteins

Number Gene ID Protein accession number

English name

Chinese name

1 3281780 WP_003688275.1 Azurin

2 3291181 WP_003688950.1 Type IV pilus biogenesis/stability protein PilW
3 3281426 WP_003689500.1

4 3281158 WP_003698952.1 LPS-assembly protein LptD

5 3282457 WP_010951247.1

6 3282122 WP_003706334.1

Peptidoglycan—binding outer membrane protein RmpM

TonB—dependent zinc piracy receptor TdfH
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Fig.1 Schematic representation of the multi—epitope subunit vaccine constructs
P1/P2/P3—-CTL are the predominant CTL epitopes of any three outer membrane proteins, respectively; P1/P2/P3-Th are the pre—

dominant Th cell epitopes of any three outer membrane proteins, respectively; P1/P2/P3-BCL are the predominant B cell epi—

topes of any three outer membrane proteins, respectively.
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Fig.2 Results of the CTL, Th cell, and B cell immune responses to the six outer membrane proteins
(A~D) CTL immune responses to proteins WP_003698952.1, WP_003689500.1, WP_003706334.1 and WP_003688275.1, respec—
tively; (E~H) Th cell immune responses to proteins WP_003688275.1, WP_003689500.1, WP_003698952.1 and WP_010951247.1,
respectively; (I~L) B cell immune responses to proteins WP_010951247.1, WP_003688275.1, WP_003698952.1 and WP_003706334.1,
respectively.
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Table 2 The epitopes selected for NG subunit vaccine construction

Epitope class Protein

Start position Dominant epitope

CTL epitopes WP_003698952.1

WP_003689500.1

WP_003706334.1
WP_003688275.1
WP_003688275.1
WP_003689500.1
WP_003698952.1

Th cell epitopes

WP_010951247.1

WP_010951247.1
WP_003688275.1

B cell epitopes

WP_003698952.1

WP_003706334.1

759 AVFFSLQLK
609 VMLDGSVGK
6 SLKPLVLAL
477 GLHATYYSL
6 KLSALFVAL
115 KVLAQRLSR
112 TMVDGITQT
7 LISAAVIGL
132 DARVVAHTKLIGGGE
82 QAPQYVDETISLSAK
658 GAGYRPAPGKVLNAR
622 RSDWVAFASGGIGGR
208 AGWYVKAASVEADRG
479 HATYYSLDSFGGKAS
274 SSEVLLDRPDIRAAE
330 TGVWAFAPSITLPIF
332 VWAFAPSITLPIFTW
225 KADYAHAARSREQAR
230 HAARSREQARN
116 FKDGVGA
84 EFTITLKHTGTQPKAS
118 DGVGAADTDYVKPDDA
586 DGATGEERFRAGI
321 PHDKKSGRNNRYQ
127 DQSGDTVTVGDRF
349 GVDFNQ
63 SNESGSPERTEAAVQ
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Table 3 Amino acid sequences of the three dominant subunit vaccine candidates

Vaccine construct
EAAAKGLFGVLGSIAKHVLPHVVPVIAEKLEAAAKAKFVAAWTLKAAAAAYLISAAVIGLAAYAVFFSLQLKAAY
VMLDGSVGKAAYSLKPLVLALAAYGLHATYYSLAAYKLSALFVALAAYKVLAQRLSRGPGPGDARVVAHTKLIG
GGEGPGPGSSEVLLDRPDIRAAEGPGPGTGVWAFAPSITLPIFGPGPGVWAFAPSITLPIFTWGPGPGKADYAHA
ARSREQARGPGPGQAPQYVDETISLSAKKKHAARSREQARNKKEFTITLKHTGTQPKASKKFKDGVGAKKDGVG
AADTDYVKPDDAKKDGATGEERFRAGIKKPHDKKSGRNNRYQKKDQSGDTVTVGDRFKKGVDFNQKKSNESGS
PERTEAAVQKKAKFVAAWTLKAAAGGGGS
EAAAKGLFGVLGSIAKHVLPHVVPVIAEKLEAAAKAKFVAAWTLKAAAAAYLISAAVIGLAAYAVFFSLQLKAAY
VMLDGSVGKAAYSLKPLVLALAAYGLHATYYSLAAYTMVDGITQTGPGPGDARVVAHTKLIGGGEGPGPGSSEV
LLDRPDIRAAEGPGPGTGVWAFAPSITLPIFGPGPGVWAFAPSITLPIFTWGPGPGKADYAHAARSREQARGPGPG
QAPQYVDETISLSAKKKHAARSREQARNKKEFTITLKHTGTQPKASKKFKDGVGAKKDGVGAADTDY VKPDDA
KKDGATGEERFRAGIKKPHDKKSGRNNRYQKKDQSGDTVTVGDRFKKGVDFNQKKSNESGSPERTEAAVQKK
AKFVAAWTLKAAAGGGGS
EAAAKGLFGVLGSIAKHVLPHVVPVIAEKLEAAAKAKFVAAWTLKAAAAAYLISAAVIGLAAYAVFFSLQLKAAY
VMLDGSVGKAAYSLKPLVLALAAYGLHATYYSLAAYKLSALFVALAAYKVLAQRLSRGPGPGDARVVAHTKLIG
GGEGPGPGSSEVLLDRPDIRAAEGPGPGTGVWAFAPSITLPIFGPGPGVWAFAPSITLPIFTWGPGPGKADYAHA
ARSREQARGPGPGGAGYRPAPGKVLNARGPGPGRSDWVAFASGGIGGRGPGPGAGWYVKAASVEADRGGPG
PGHATYYSLDSFGGKASKKHAARSREQARNKKEFTITLKHTGTQPKASKKFKDGVGAKKDGVGAADTDYVKPD
DAKKDGATGEERFRAGIKKPHDKKSGRNNRYQKKDQSGDTVTVGDRFKKGVDFNQKKSNESGSPERTEAAVQ
KKAKFVAAWTLKAAAGGGGS

E: BRFERTEET

Note: The bold letters indicate the linkers.

Name of vaccine
NG vaccine—17
(NV-17)

NG vaccine-20
(NV-20)

NG vaccine-29
(NV-29)
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states of macrophage (MA) population; (F) Cytokine production and Simpson index D.
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Fig.4 C-ImmSim presentation of an in silico immune simulation with NV-20

(A) Antibody titer and antigen concentration; (B) B cell population; (C) Th cell population; (D) CTL population; (E) Different states
of macrophage (MA) population; (F) Cytokine production and Simpson index D.
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Fig.5 C-ImmSim presentation of an in silico immune simulation with NV-29

(A) Antibody titer and antigen concentration; (B) B cell population; (C) Th cell population; (D) CTL population; (E) Different states
macrophage (MA) population; (F) Cytokine production and Simpson index D.

PEWAE RIATE i FOAREEATAR (R 4. | 24 RBISAMEREEN RSN

IREEIFI, 3 FPE A EEAR A R SRk R SOPMA A4 P 45 9 b7, 3 ol IV B 28
B rteoE A B, AR KRG SC B s WY B R A AN TCEAE Ih 454 o LU 230k 44.00%
HRIA R RE, (E TR AL, 46.13% .49.13% (& 6), BLHH 3 FIE B 5 1 S5 A



356 oA B

2024 4

®4 MBI SAESERENERTIRRE

Table 4 Physicochemical properties and solubility of the three dominant subunit vaccines

Name of Number of Isoelectric Grand average of Aliphatic Instability Half-life in E. coli .
. . . . . . . Solubility
vaccine amino acid point hydropathicity index index cell culture system
NV-17 400 9.92 -0.245 77.78 16.15 >10 h 0.926
NV-20 388 9.92 -0.290 74.12 15.26 >10 h 0.924
NV-29 460 9.99 -0.272 72.33 16.70 >10 h 0.905
HHHHHHmmmw ﬂ”mmw HHHHHH ‘ |||||||HH|H‘||||||||‘|H||||||||||||ﬂ|‘|-||ﬂuln‘H||||H||||||---- }|||||||||IlmnﬂlﬂmHI||||ml|||nnHﬂ|||||m|||um|||||||||m||||||||||||||||H‘Nin-'”unuml
50 100 150 200 250 300 350
GV
mlmmuﬂﬂﬂlm ‘H"m||||||||H|H||||||||||"|||||||||||||||m|--||i‘: | ‘ il -|HH||||||||||“H||||||}|||||||||||||| (o ‘ i HHHHHHHM
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(B) — Extended strand
— Random coil
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(A) NV=17 8§ =B M 4L (B) NV-20 #9 =2 25 M40 m%,; (C) NV-29 6§ 2R L M2 A%, o
Fig.6 Secondary structure prediction of the dominant subunit vaccine candidates

(A) Secondary structure composition of NV-17; (B) Secondary structure composition of NV-20; (C) Secondary structure compo—

sition of NV-29.
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