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Abstract: With the increasing emphasis on health, probiotics have garnered increasing
attention due to their safe and beneficial features for intestinal health and have become a hot
spot in the fields of food and medicine. In terms of oral drug delivery, it is difficult to select a
safe, convenient, and stable carrier. Probiotics can be used as carriers to deliver drugs through
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the complex in vivo environment without damage and have excellent safety and stability. This

review describes the structures, advantages, and disadvantages of five common probiotic-based

oral drug delivery approaches: display on spore surface, yeast microcapsules, recombinant

probiotic expression, bacterium-like particles, and bacterial ghost, aiming to provide options

for the application of oral delivery carriers.

Keywords: oral drug delivery; probiotics; spore; delivery carrier
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Table 1 Patterns and characteristics of oral delivery vehicles

Oral delivery vehicles

Drug loading mode

Characteristic

Bacillus surface display system

Yeast microcapsule system

Recombination surface display

Non-recombinant surface display

Electrostatic adsorption
Non-covalent force modification
Passive diffusion/hydrophobicity
Layer-by-layer synthesis (LBL)

Post-derivatization combination

No need to produce antigens; different antigens
can be displayed

Highly efficient; exhibits antigen in its natural
form; requires cleavage to exhibit antigen
Protects drugs from destruction; accurately
targets drugs; efficiently loads all types of
drugs; safe and non-toxic

Recombinant probiotic expression system Surface display
Secrete
Intracellular

Bacterium-like particles, BLPs

Surface display

Bacterial ghosts, BGs

Stable binding; no need to penetrate cells; high
efficiency

High delivery efficiency; avoids drug toxicity
to cells

Avoids environmental destruction of drugs;
toxic to cells

Safe and stable; high drug loading;
insignificant therapeutic immunization effect

Anchors and fills in internal spaces Safe and stable; efficient targeting; its structure

decreases drug concentration
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2RI AE R A 2 F R B PR R G HE 1
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AHABGED BT RIRARE, 155
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Inner membrane

Quter membrane

Inner coat
Outer coat

Exosporium

B 1 FANEFANEHREE AHEZEHR
R FE H 2 ]

Figure 1 Schematic structure of Bacillus spores.
Dimensions of different layers not drawn to scale.
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Table 2 Applications of the surface display system of Bacillus spores

Type Exogenous proteins/drugs ~ Anchoring Applications References
proteins/attachment
Recombination ~ CsPmy CotC Oral vaccine for protection of grass carp [42]

Glucagon-like peptide-1 CotC
(GLP-1)

Non-recombinant Grass carp reovirus CotB & CotC
(GCRV) Vp7 antigen
OmpK or green CotY

fluorescence protein (GFP)
Helicobacter pylori urease CotC
B

Protective antigen (PA) Adsorption
PfCSP Coupling
TTFC Adsorption

against Ascaris lumbricoides

GLP-1 (28—36) oral delivery system for the  [35]
treatment of type 2 diabetes mellitus

Enhancement of protective immunity to [43]
GCRYV in grass carp

Enhancement of zebrafish immunogenicity to [44]
Vibrio pathogen infections

Oral administration of urease-carrying B [45]
spores prevents Helicobacter pylori infection
Development of an oral vaccine for the [46]
surface presentation of PA for the treatment

of anthrax

Oral vaccines for malaria prevention [47]
Effective in inducing an immune response [48]

and can be used as an adjuvant for vaccine

immunization
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Figure 2  Preparation and structure of yeast
microcapsules.
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Figure 3 Different ways of expressing exogenous proteins by recombinant probiotics.
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Table 3 Expression of exogenous proteins by different species of probiotics
Protein expression  Bacterial strain type Applications References
mode
Surface display S cerevisiae Expression of avian influenza HA protein for use as an oral vaccine [91]
against avian influenza
L. plantarum Expression of Clostridium nucleatum outer membrane FomA protein ~ [92]
inhibits IBD
L. plantarum Expression of Saphylococcus aureus non-toxic mutant alpha [93]
hemolysin, protective against Saphylococcus aureus lung and skin
infections
E. faecalis Separate expression of four Eimeria aphidis proteins of Tennessee and [94]
protection against homologous infection in chickens by combined
immunization
Bifidobacterium Expression of WT1 protein for use as an oral vaccine against oral [95]
cancer
L. plantarum Expression of the influenza virus antigen HA1-DCpep, which can play [96]
an immunizing role against influenza virus
L. casel Expression of AHA1-CK6 and VP2 proteins and oral immunization [97]
induces prevention of infectious pancreatic necrosis in rainbow trout
L. casel Expression of DCpep, Col, and CoE antigenic fusion proteins [98]
effectively induces an immune response against porcine epidemic
diarrhea virus
L. casei Expression of an OmpK fusion CTB protein for use as an adjuvant [99]
against Vibrio anisopliae infection in crucian carp
Secrete P. pentosaceus Secretion of therapeutic protein P8 for tumor suppression and [100]
regulation of intestinal microflora
L. paragasseri Express and efficiently secrete epitope-4 [101]
B. subtilis Expression of the multi-epitope protein OmpC-FliC-SopF-SseB-IL-18 [102]
induces a strong immune response against Salmonella enteritidis
L. lactis Expression of extracellular TGFBR2 with significant anti-hepatic [103]
fibrosis effects
L. lactis Expression of soluble CD80 enhances anti-tumor immunity to inhibit  [104]
tumor growth
Intracellular L. casel Expression of an antigen directed against SARS-CoV-2 Omicron [105]
variant B.1.1.529
L. lactis Expression of heat shock protein 65 and inhibition of atherosclerosis  [106]
L. lactis Expression of Helicobacter lipoprotein Lpp20 produces significant [107]

immune effects

AR NI A R T At A A A
240 B ot Rk B 0 S A T AT LAk SR SN IR R A
S 2R 1 i T B R K AR, DR Oy A 1
E R 25 SRR 1A SR SR
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I DCpep K:N AT A B A 20k, SX

2R PR B 5 AT S SRS A 2K R U B9
ROV o B RE E 240 M B 3R TR /R B DI s (A1
TREE FS A S A, FE o SRR R A,
B E IR AL SR S, W58 WA R 7 200 i e
A R R I MR F R R LA R SR A
fis T SR P Al SO A A A T AL
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