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Bacterial inclusion bodies are insoluble protein aggregates 
commonly observed during protein production processes 
and traditionally associated to conformational stresses. Be-
ing formed by the recombinant protein, their occurrence 
minimizes the productivity of  soluble protein species [1]. 
Bacterial inclusion bodies are not mere amorphous protein 
clusters. Instead, they are structured as a network of  non-
toxic amyloidal fibers, which confer mechanical stability, in 
which non-amyloidal protein forms are embedded. Since 
this fraction of  entrapped protein adopts quasi-native con-
formations, the protein cluster, as a whole, retains the bio-
logical activities of  the forming protein [2]. Being regular 
nanoparticles, the physicochemical nanoscale properties 
of  inclusion bodies can be tailored by adjusting the condi-
tions of  the bacterial culture or also by the selection of  
the genetic traits of  the producing strain. The combina-
tion of  mechanical stability, functionality and suitability for 
functional tailoring has pointed out these protein particles 
as highly appealing functional materials with intriguing ap-
plications as self-immobilized enzymes in biotechnology 
[3] or as smart biocompatible materials in biomedicine [4]. 
The fact that inclusion bodies can be produced in GRAS 
microorganisms such as the gram-positive species Lactococ-
cus lactis [5], and their ability to internalize mammalian cells 
in absence of  toxicity and to release functional protein spe-
cies inside target cells [6] have opened a spectrum of  ap-
plications of  these bacterial amyloids as unexpected drug 
delivery systems [7, 8].
References:
1. Garcia-Fruitos E. et al. (2012) Bacterial inclusion bodies: making gold 
from waste. Trends Biotechnol 30: 65–70.
2. Gonzalez-Montalban N. et al. (2007) Recombinant protein solubility - 
does more mean better? Nature Biotechnol 25: 718–720.
3. Rinas U. et al. (2017) Bacterial inclusion bodies: discovering their better 
half. Trends Biochem Sci 42: 726–737.
4. Garcia-Fruitos E. et al. (2009) Surface cell growth engineering assisted 
by a novel bacterial nanomaterial. Adv Materials 21: 4249–4253.
5. Cano-Garrido O. et al. (2016) Functional protein-based nanomaterial 
produced in microorganisms recognized as safe: A new platform for bio-
technology. Acta Biomaterialia 43: 230–239.
6. Seras-Franzoso J et al. (2016) Cellular uptake and intracellular fate of  
protein releasing bacterial amyloids in mammalian cells. Soft Matter 12: 
3451–3460.
7. Cespedes M.V. et al. (2016) Bacterial mimetics of  endocrine secretory 
granules as immobilized in vivo depots for functional protein drugs. Sci 
Reports 6: 35765.
8. Unzueta U. et al. (2018) Release of  targeted protein nanoparticles from 
functional bacterial amyloids: A death star-like approach. J Controlled Re-
lease 279: 29–39.

Keynote Lecture

4th Congress of Baltic Microbiologists


