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Table S1. pKa and isoelectric point values for polymers and proteins used in this study, 

respectively. HA - Hyaluronic acid, CS - chondroitin sulphate, DS - dextran sulphate, HS - heparin 

sulphate, PLL - poly-L-lysine, PR - protamine, DA - dextran amine, COL - collagen.

Polymer Isoelectric point (proteins)/pKa (polymers) Ref
HA 3-4 [1] 
CS 2-4 [2,3]
DS 2 [4] 
HS 1-4 [5,6] 
PLL 9-10 [7,8]
PR 12-13  [9]
DA Unknown  

COL 7-9 [10,11] 

Figure S1. Intensity weighted and number weighted distributions for polyanions (A and B, 

respectively) and polycations (C and D, respectively).
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Figure S2. Transmittance images of (polyanion/polycation)2.5 coated crystals and 

(polyanion/polycation)2.5capsules formed by dissolution of CaCO3 cores by addition of 50 mM 

EDTA. 5 mM TRIS containing 27 mM NaCl 10 mM CaCl2 with pH 7.9 has been used as a buffer 

solution throughout the experiment. Diameter of coated crystals is 7.5 ± 0.8 µm.

Figure S3. Turbidimetric titration of PECs made of CS and PLL, PR, COL or DA and formed in 

TRIS buffer solution pH 7.9. Initial concentration of NaCl is subtracted, x-axis represents added 

amount of NaCl.
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Figure S4. TGA curves of biopolymers that have formed stable capsules. Pure powdered polymer 

was heated from 30°C to 300°C at a rate of 10°C min-1 under a helium atmosphere.

Figure S5. Optical transmittance images of formed PLL- and PR-based capsules. CaCO3 cores are 

dissolved by addition of 50 mM EDTA. Surface adhering abilities of capsules is shown through 

images of the same positions; before (left) and after (right), after repeated washing steps with 5 

mM TRIS containing 27 mM NaCl 10 mM CaCl2 with pH 7.9.
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Figure S6. Adherence of PLL- and PR- based capsules on different surfaces (specified in a legend). 

CaCO3 cores have been dissolved by addition of 50 mM EDTA. Diameter of coated crystals is 7.5 

± 0.8 µm. Surface adhering abilities of capsules is calculated after repeated washing steps with 5 

mM TRIS containing 27 mM NaCl 10 mM CaCl2 with pH 7.9, taking initial number of capsules 

as 100%. Error bars are S.D. for at least n = 100 measurements.

Figure S7. SEM images of 10 nm gold-sputtered capsules consisting of 2.5 bilayers. PLL-based 

(top row) capsules consisting of HA, CS, DS and HS are shown in images A), B), C), and D), 

respectively. PR-based (bottom row) capsules, consisting of HA, CS, DS and HS are shown in 

images E), F), G), and H), respectively. Scale bars are 10 µm.
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Figure S8. Confocal images of (HAFITC/PLL)2.5, (CSFITC/PLL)2.5, (DSFITC/PLL)2.5 and 4) 

(HS/PLLFITC)2.5coated vaterite crystals (before dissolution of the core) Bright field (top) and 

fluorescence (excitation at 488 nm) (bottom) images. Capsules are prepared on CaCO3 cores of 9 

± 3 µm in diameter.

Figure S9. Confocal images of (HAFITC/PLL)2.5, (CSFITC/PLL)2.5, (DSFITC/PLL)2.5 and 4) 

(HS/PLLFITC)2.5 capsules after core dissolution. Capsules are prepared on CaCO3 cores of 9 ± 3 µm 

in diameter. CaCO3 cores are dissolved by addition of 50 mM EDTA. Bright field images (top) and 

fluorescence images (excitation at 488 nm) with corresponding linear fluorescence profiles across 

the middle of representative capsules (bottom). The white dashed line indicates how the line profile 

was taken.
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