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Abstract:

Emulsans are complex amphiphilic acylated heteropolysaccharides secreted by Acinetobacter venetianus RAG-1, which has become a focus of research for biomedical applications in our laboratory.  Specifically, we have demonstrated that emulsan can induce a TLR4-dependent macrophage activation as well as significant adjuvant activity in several experimental models.  Recent focus has shifted towards two experimental models with importance to biodefense.  Specifically, vaccination studies were conducted to determine the efficacy of emulsan-based formulations to protect against botulinum neurotoxin (BoNT) and Yersinia pseudotuberculosis, a model for the plague.

We have accessed the adjuvanticity of emulsan in mice immunized with BoNT, sub-type A (BoNT/A) heavy chain (Hc). Mice were given four s.c. immunizations every two weeks and immune responses were analyzed by Hc-based ELISA 7 days after each immunization. Control animals received BoNT/A alone and BoNT/A adsorbed to alum.  The results showed that emulsan is a highly effective immunostimulator, capable of generating protective anti-BoNT responses in mice after two immunizations. Two doses with emulsan based-BoNT/A Hc achieved significant high levels of protective immune responses equivalent to those induced by four doses of BoNT/A Hc or alum adsorbed BoNT/A Hc.  These responses were achieved in the absence of toxicity: histological examination of the injection sites revealed almost negligible inflammation. All the animals immunized with four doses of BoNT/A Hc, alum-adsorbed BoNT/A Hc or emulsan based-BoNT/A Hc were protected against the lethal challenge of 104 LD50 BoNT/A.

A similar study utilizing the emulsan and recombinant LcrV as an antigen led to the induction of a significant immune response against Yersinia pseudotuberculosis.  Animals were immunized twice (3 weeks apart) with LcrV alone, emulsan (Em) alone, fatty acid-stripped emulsan (FAS) alone, Alum/LcrV, FAS/LcrV, Em/LcrV or left untreated. Approximately 6 weeks after the first immunization, mice were infected intranasally with 448 IP2666 Y. pseudotuberculosis (50x LD50). Evaluation of rLcrV-specific antibody titers revealed that emulsan-rLcrV immunization induces humoral immune responses to rLcrV antigen at levels significantly higher than LcrV alone and markedly increased as compared to alum-rLcrV.  Mice immunized with LcrV with either Alum or emulsan as vehicle had a higher survival rate compared to the negative controls.  Specifically, LcrV delivered by emulsan (not fatty acid-stripped emulsan) protected 3 out of 5 mice from mortality, and LcrV delivered by alum protected 2 out of 5 mice, while none of the other groups survived. These data indicate not only that emulsan provides equivalent, if not superior protection than that of alum, but also confirmed the necessity of the fatty acid side chains to confer that activity.

Taken together, these studies indicate a significant potential for this biopolymeric adjuvant in biodefense models, as well as other infectious disease models.
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