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Abstract

Objective: In this study, probiotics that degrade plant fiber were used as fermentation strains to
explore the effect of probiotic traditional Chinese medicine (TCM) fermentation, so as to improve the
bioavailability or efficacy of TCM. At the same time, the potential role of probiotic outer vesicles as
mucosal delivery carriers of viral subunit antigens was preliminarily studied, which provided a reference
for the development and application of mucosal vaccines.

Methods: (1) Three strains of probiotics and five kinds of TCM were selected for step-by-step
fermentation, and the changes of small molecule active components in fermentation broth were detected by
AKTAavant molecular chromatography liquid chromatography and thin layer chromatography. (2) The
intestinal flora in the jejunum and ileum of healthy adult wild boars were obtained, and biomimetic
fermentation was carried out in vitro with the traditional Chinese medicine formula of heat clearing and
detoxification, and the changes of small molecule active components of the fermentation broth were
detected and analyzed by AKTAavant molecular chromatography liquid chromatography. (3) Four strains
of the departure strain with good immunomodulatory properties were screened, and the fusion strains were
obtained by pairwise fusion, and the activation of NF-xB and IRF signaling pathways was evaluated after
the fusion strains interacted with the J774-Dual™ macrophage cells. (4) Extraction of Fusant-283-BEVs
from extracellular vesicles of fusion strains and detection of their immunomodulatory properties. (5)
Animal experiments to verify the mucosal immune activation characteristics of outer vesicles
Fusant-283-BEVs: 7-day-old SPF chickens were randomly divided into experimental group and control
group, and anticoagulant blood was collected 48 h after immunization, and tracheal mucosal intraepithelial
lymphocytes, lamina propria lymphocytes and Hastelloy's gland lymphocytes were isolated and obtained.
Flow cytometry analysis of CD8" and CD4" in PBMCs cells and their proliferative activity; Fluorescence
quantification PCR was used to detect the level of cytokines induced by Fusant-283-BEVs in lymphocytes.
(6) Preliminary study of Fusant-283-BEVs-VP2 as a subunit mucosal vaccine: 21-day-old SPF chickens
were immunized with VP283-BEVs loaded with VP2 as a subunit mucosal vaccine by nasal drops using
ultrasound, incubation and transfection kits, and serum was collected for IBDV antibody detection at 1 and
2 weeks after immunization. Anticoagulant blood was collected at the second week after immunization, and
PBMCs were prepared to analyze lymphocyte proliferation activity.

Results: The results of molecular chromatography liquid chromatography (LCLC) showed that the

content of small molecule components in the fermentation broth increased with the step-by-step



fermentation, and the active components of the small molecule components in the fermentation broth
increased significantly (P<0.0001) compared with the primary and secondary fermentation broths, and the
active components of the tertiary fermentation broth increased significantly compared with the primary and
secondary fermentation broths (P<0.0001). (2) The small molecule content of the TCM formula increased
significantly after biomimetic fermentation of intestinal flora (P<0.0001). (3) Four strains of the original
strains were screened, and the screening results of the fusion strains and their outer vesicles showed that the
fusion strain Fusant-283 and its outer vesicles Fusant-283-BEVs could significantly activate the NF-xB and
IRF dual signaling pathways (P<0.0001). (4) The results of animal experiments showed that nasal drop
immunization against Fusant-283-BEVs could significantly activate the anti-infective immune response of
chicken mucosal lymphocytes (IELs, LPLs, HGLs) and PBMC:s. (5) VP2 protein loaded with outer vesicles
Fusant-283-BEVs, and the complex was immunized with SPF chickens through nasal drops, and the results
showed that the serum ELISA antibody titer of Fusant-283-BEVs-VP2 reached more than 2000 in some
immunized chickens (3/8) after 2 weeks of immunization. In addition, CD8+ and CD4+ T cell populations
in PBMCs in the immune group were significantly increased (P<0.0001), suggesting that
Fusant-283-BEVs-VP2 complex has the potential to be used as a mucosal delivery vehicle.

Conclusion: This study effectively transformed and improved the small molecule active ingredients of
Chinese medicine skullcap and traditional Chinese medicine formulas by using the step-by-step
fermentation of probiotics and the biomimetic fermentation technology of intestinal flora, which provided a
new idea for the fermentation of traditional Chinese medicine and the efficient utilization of traditional
Chinese medicine. At the same time, the potential of using probiotic outer vesicles as viral subunit antigen
delivery carriers was preliminarily verified, which provided a reference for the development of new
mucosal vaccine delivery systems.

Key words: Probiotics; Chinese herbal fermentation; IBDV; Subunit protein VP2; Bacterial extracellular

vesicles
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PBMC Peripheral blood mononuclear cell AN E MBS AZ 21
IELs Intestinal intraepithelial lymphocytes IR E4H A
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