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Polymer-based multilayer capsules are new types of effective drug delivery carriers. The capsules assembled using 
decomposable and porous CaCO3 vaterite crystals can be loaded with biomolecules at mild conditions. These crystals 

can then effectively release biomolecules such as proteins and peptides, small drugs, like antibiotics, nucleic acids, etc.1-4 
Protection and controlled release of the biomolecules are the main advantages of the capsules; this can be achieved by adjusting 
the capsule structure by a varying the number of layers deposited, and the appropriate choice of the chemical nature of the 
polymer used.2-4 Despite there being a number of synthetic polymers that have been employed to assemble the capsules, there 
is a gap in the understanding of the capsule assembly mechanism for biopolymers. This is indispensable for the formulation of 
capsules to be utilised for biologically relevant applications.  This work aims to fabricate capsules from biopolymers typically 
used for bio-applications in drug delivery and tissue engineering. The examples of the utilised biopolymers include polyanions 
(chondroitin sulfate, hyaluronic acid, dextran sulfate, and heparin) and polycations (poly-L-lysine, dextran amine, collagen, 
and protamine). The following pairs of biopolymers are the most attractive in terms of capsule integrity: heparin/poly-L-lysine 
(Fig. 1) and heparin/protamine. Not only the stability, but also protein retention in the formed capsules, capsule shrinkage, and 
the fusion between capsules are investigated. Interestingly, the occupation of the vaterite crystal pores with polymer(s) during 
capsule fabrication is responsible for the observed capsule shrinkage and fusion phenomena. The findings of this study would 
open new routes for applications of multilayer capsules in the field of controlled drug delivery.

Fig. 1. Optical (a) and corresponding fluorescence (b) images, with the corresponding fluorescence profile (c) of BSA encapsulated within (heparin/poly-L-
lysine)2/heparin capsules. (d) - enlarged area from the image (b). Scale bar is 100 µm.
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