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3D-printed Bdellovibrio bacteriovorus hydrogel for treatment of
infected combined radiation and burn injury
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Abstract: Combined radiation and burn injury (CRBI) is induced by simultaneous or sequential ionizing
radiation damage and skin burns. CRBI weakens the immune ability, leading to drug-resistant bacterial infections
and delayed wound healing. Bdellovibrio-and-like organisms (BALO) are naturally predatory bacterium that can
prey on most Gram-negative bacteria by entering the periplasmic space of their prey and degrading the biomolecules
of host cells. In this study, we combined gelatin, calcium alginate, and activated BALO water samples to form bio-
inks to three-dimensional (3D)-print BALO-loaded hydrogels (TDBG) for the treatment of CRBI combined with
multidrug-resistant Acinetobacter baumannii (MRAB) infection. The freeze-dried 3D-printed hydrogel exhibited
a 3D network structure attached with gelatin films, and owned good printability and biocompatibility. The
printability improved adaptation to wound shapes for the personalized treatment of infected wounds. The 3D
network structure allowed the surviving and motion of BALO, favoring its high predatory activity. All animal
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experiments were approved by the Ethics Committee of Academy of Military Medical Sciences, and the

experiments were conducted in accordance with relevant guidelines and regulations (approval number: IACUC-

DWZX-2022-834). TDBG treatment improved wound healing by accelerating the mouse wound closure rate of

CRBI combined with MRAB infection, reducing the expression of pro-inflammatory cytokines in the wound

tissues, and increasing collagen deposition. This study expands the application scope of live biological products

and provides a basis for their development and clinical applications.

Key words: combined radiation and burn injury; drug-resistant Acinetobacter baumannii; Bdellovibrio-and-

like organism; hydrogel; 3D printing
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LRI 5

BB AIATENMEE 2 i H R4 CaCl, [E 6 (1) 7
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B KRR v A B B B B s 1 . KR s g
F18 v i 1 W I TR B A v RO T T e R B, DR
b7 e I T e U S T e S A A

1% 91 il £ MRAB [ 3)) /) % 0F 70 K W, 5401
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2 3D FTENREINER 7K R AR B M B B A SR B0 1
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2A). IKEEIZ 2 AL G5 AT DUAR G ol 7 i 4,
PREFE SRR A, AR T B8 . Ak, 24K
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Table 1 Bdellovibrio-and-like organisms (BALO) in B. bacteriovorus-contained suspension

Species sequence Phyla Class Order Family
6257 Bdellovibrionota Bdellovibrionia Bacteriovoracales Bacteriovoracaceae
204 Bdellovibrionota Oligoflexia Oligoflexales Oligoflexaceae
58 Bdellovibrionota Bdellovibrionia Bacteriovoracales Bacteriovoracaceae
11 Bdellovibrionota Bdellovibrionia Bacteriovoracales Bacteriovoracaceae
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Bactericidal ability of BALO. A: Plaque formation in the MRAB plate after the addition of BALO; B: OD,, values and

appearance of MRAB suspensions and the mixture suspensions of BALO and MRAB depending on time; C: Transmission electron

microscope (TEM) images of B. bacteriovoru invading MRAB; D: Scanning electron microscope (SEM) images of MRAB before and after

adding BALO. MRAB: multidrug-resistant Acinetobacter baumannii
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Characteristics of 3D-printed hydrogels and the bactericidal ability of TDBG. SEM images of the BG (A), and the initial

adhesive and printability (B) of the 3D-printed hydrogels; OD,, values (C) and appearance (D) of EcN suspensions without or with

processing; E: CFU counting of MRAB after processing for 3 days with various formulations. TDBG: Three dimensional-printed BALO-
loaded hydrogel; BG: BALO-loaded hydrogel; EcN: Escherchia coli Nissle 1917
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Figure 3 Blood compatibility of BALO, blank hydrogels, and TDBG. Photographs of the supernatants (A), hemolysis rates (B), and photo-
graphs of the RBC (C) after RBC co-incubation with saline (negative control), BALO, blank hydrogels, TDBG, and Triton X-100 (positive

control). n=3,x+s
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Figure 4 Wound healing ability of different formulations. A: Photos and simulated area of the wounds on Day 0, 7, and 14; B: Wound

closure rates in different groups. SMG: Streptomycin-loaded hydrogel. n =3, x+5s. P <0.05, "P <0.01, ""P < 0.001
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