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Preparation and immunogenicity evaluation of ferritin
nanoparticles conjugated with African swine
fever virus p30 protein
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Abstract: This study developed ferritin-based nanoparticles carrying the African swine fever
virus (ASFV) p30 protein and evaluated their immunogenicity, aiming to provide an experimental
basis for the research on nanoparticle vaccines against ASFV. Initially, the gene sequences
encoding the p30 protein and SpyTag were fused and inserted into the pCold-I vector to create the
pCold-p30 plasmid. The gene sequences encoding SpyCatcher and ferritin were fused and then
inserted into the pET-28a(+) vector to produce the pET-F-np plasmid. Both plasmids were
expressed in Escherichia coli upon induction. Subsequently, the affinity chromatography-purified
p30 protein was conjugated with ferritin in vitro, and the p30-ferritin (F-p30) nanoparticles were
purified by size-exclusion chromatography. The morphology and structural integrity of F-p30
nanoparticles were examined by a particle size analyzer and transmission electron microscopy.
Mice were immunized with F-p30 nanoparticles, and the humoral and cellular immune responses
were assessed. The results showed that F-p30 nanoparticles were successfully prepared, with the
particle size of approximately 20 nm. F-p30 nanoparticles were efficiently internalized by bone
marrow-derived dendritic cells (BMDCs) cells in vitro. Compared with the p30 protein alone,
F-p30 nanoparticles induced elevated levels of specific antibodies and cytokines in mice and
stimulated the proliferation of follicular helper T cell (Try) and germinal center B cell (GCB) in
lymph nodes as well as CD4" and CD8" T cells in the spleen. In conclusion, we successfully
prepared F-p30 nanoparticles which significantly enhanced the immunogenicity of p30 protein,
giving insights into the development of vaccines against ASFV.

Keywords: African swine fever; p30 protein; ferritin nanoparticles; immunogenicity evaluation
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Figure 1 Diagram of two plasmids
patterns.

design

http://journals.im.ac.cn/cjben
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2.2 EHAEHA p30 REERERMES

¥ p30 EAIE (13E1 T SDS-PAGE J5 % &
MSPR AT AL 2, 43 5 BUUE His #3228 TR A
ASFV ¥ FHVE IS i —$TiE T Western blotting 73
Mr, 45 51 /R 7E 30 kDa AbAa WA S (iR 1 455 (K
3), FUGAE A HA BRSNS

A B

kDa M F-np kDa M p30

116 — 116 — =

66 — = 66 — ==

45 _ 45— a»

== < F-np 37 kDa

3[3—= 35— < 13030 kDa
E 2 ZHEHEHRDGWED SDS-PAGE 7 #f

A: F-np EHRALEER. B, p30 H A FRaifbss R
Figure 2 SDS-PAGE analysis of recombinant
proteins after purification. A: Purification results of
F-np protein. B: p30 protein purification results. M:
Protein marker.
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100 — 100 — -—
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- -
25_- 257-
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3 p30 EENRNERMEEE A A His
WAEDUAR S E LR, B: FIH ASFV BIPE ILE 1Y
WESG

Figure 3 Immunogenicity identification of p30
protein. A: Mouse anti-His tagged antibody against
p30. B: Pig anti-ASFV serum against p30. M:
Protein marker.
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W aifb S 21 p30 & A58k PURL E HR
A, TE 4 °CFEIRWF B 1L MK, # 1 Capto Core
700 4rFhmaifes, PLEBREZARMELA p30
HEHEF ., A ASFV FHY: ML #5417 Western
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YK TR F-p30 (& 4).
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FI % 5 L BB EE F-p30 4Kk, el
W I 7 B JORE 254 A PRI AR {SUR I f2 7R p30
A5 B AR IR S 8 K O g RT3 (I
5), T THBCEMBIRER R p30 HAM
BREE TR RIORE , 0K K /NZ Dl 20 nm,
2.5 F-p30 FKEURI AT # BMDC S3U3RE

FITC {815 p30 25 11 F-p30 44 K Joiks 43
75 BMDC &5, 458 /R F-p30 44 K ks
HEREDE BMDC 21 L PR $5 e, T2l p30

H LA (A 6).
A S o B D 0
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35— w
- — 18—
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18 — == 14—

4 1BE p30 HARFAMFIZMEE A
SDS-PAGE 454, B: FIJH] ASFV P I 7 % 2 45 4
Figure 4 Preparation and identification of
conjugated nanoparticles. A: SDS-PAGE results of
conjugated nanoparticles. B: ASFV-positive serum
identification results. M: Protein marker; F-np:
Purified F-np protein; p30: Purified p30 protein;
F+p30: Sample of F-np protein coupled to p30
protein overnight at 4 °C; F-p30: The F-np protein
was coupled to the p30 protein at 4 °C overnight
using molecular sieve purified samples.
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TA)o X LW PR E S BPR R R A I Try 1 GCB HLGIHSH 7+ (& 8), 5 p30 &1
F-p30 & [ 5 I /N UL I F A IgGl IgG2a, G 28 20 M HE 22 5 15 3 (P<0.01) 3% S 45 5 5 1

IgG2b 2 IgM RS iR S (8 7B), IXUELERE Fop30 Tk AE IG5 b I 45 1Y e S

A ~ -p30 _ B 4.
; ' 12 ¢
s 10}
= 8t
2
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= L
Z 4
2 |
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Size (nm)
Record 1: p30-1 Record 2: p30-2 ~—— Record 3: F-np-1
Record 4: F-np-2 Record 5: F-p30-1 Record 6: F-p30-2

& 5 pSOQF]ﬁK%ﬁ*_LE’J%{E A ESTRBDWESAR. B RS UGN 4G

Figure 5 Characterization of p30 nanoparticles. A: Transmission electron microscopy of F-p30. Scale
bar=100 nm. B: p30 nanoparticle size detection.

LysoTracker

FITC Merge

F-p30
p30

Mock

6 BMDC %f p30 24K FAL A9 1R EY
Figure 6 Uptake of p30 nanoparticles by BMDC. p30 protein and FITC-conjugated p30 protein and p30

nanoparticles were incubated with BMDC for 2 h and then FITC (green) and LysoTracker (red) were
observed with confocal microscopy. Scale bar=25 pm.
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A 3.0 IgG antibody titers B3 1500, wxx = PBS
i & & PBS ?% = F-np
251 N 50 k= 1000 Hx Sk =1 p30
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HOR Rl Y &5

Figure 7 Serum antibody analysis after booster immunization. A: p30-specific antibody titers in serum for
two weeks of booster immunization. B: The levels of different antibodies in serum for two weeks of booster
immunization. The results are expressed as X+*s. *: P<0.05 (statistical difference); ***: P<0.001
(extremely significant difference).
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Figure 8 Changes of immune cells in lymph nodes. Proportion of Tgy (CD4" CXCRS5' PD-17) (A) and
proportion of GCB (CD19" CD95" GL7") in lymph nodes (B). C: A scatter plot of the lymph node Ty and
GCB flow assay. The results are expressed as Xts. *: P<0.05 (statistical difference); **: P<0.01
(significant difference); ***: P<0.001 (extremely significant difference).
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Figure 9 Proportion of T lymphocytes in the spleen. A: Proportion of CD4" T lymphocytes in the spleen and
scatter plot of flow cytometry. B: The proportion of CD8" T lymphocytes in the spleen and the scatter plot of
flow cytometry. The results are expressed as X =+ S. ns: P>0.05 (no obvious difference); *: P<0.05 (statistical
difference); ***: P<0.001 (extremely significant difference).
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Figure 10 Cytokines IFN-y (A), IL-10 (B), IL-12 (C) after stimulation of lymphocytes with p30 protein.
The results are expressed as Xt S. ns: P>0.05 (no obvious difference); ***: P<0.001 (extremely significant
difference).
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