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    Layer-by-layer (LBL) assembled microcapsules have been well studied and played an important 
role in drug and other biomacromolecules delivery systems for cancer therapy and cell imaging. 
Recently, graphene oxide (GO) based microcapsules has attracted great research interest because of 
its unique permeability properties [1]. Moreover, extraordinary chemical, optical, electrical and 
mechanical properties of graphene can also be introduced into microcapsules [2]. Therefore, GO 
based microcapsules can be developed as remote controlled release system with unique release 
kinetics [3]. Herein, we prepared branced polyethylenimine/graphene oxide (bPEI/GO) hybrid 
microcapsules using a sacrificial poly(styrene sulfonate)-doped CaCO3 (PSS-doped CaCO3) as 
template (Scheme 1). Moreover, we investigated Internalization of bPEI/GO microcapsules by Hela 
cells using confocal laser scanning microscopy (CLSM), transmission electron microscopy (TEM), 
scanning electron microscopy (SEM) and Raman microscopy. 
    PSS-doped CaCO3 particles were prepared according to the previous literature [4]. bPEI/GO 
microcapsules were prepared by layer-by-layer assembly of positively charged bPEI and negatively 
charged GO. This bilayer assemble was repeated for 3 times and followed by EDTA (pH 7.0) washing 
to remove CaCO3. Two strong peaks, so-called D and G bands, were observed at around 1350 and 
1580 cm

-1
, respectively (Fig. 1 B), suggesting that multilayer graphene has been assembled in 

microcapsules while the bright field image showing a hollow sphere structure (Fig. 1 A). The collapsed 
structure of microcapsules captured with a SEM was formed by air dry during preparation may tell the 
hollow core of microcapsules (Fig. 1 C). Moreover, the TEM image of a ~80 nm thickness section of 
epoxy embedded microcapsules showing a closed round circle indicated the removal of CaCO3 core 
and capability of carrier (Fig. 1 D).  
    For cellular uptake and subcellular localization tests, Hela cells were seeded in petri dish and 
cultured at 37 °C. The bPEI/GO microcapsules were added to dish when they reached around 70 % 
confluence. After 24 hours incubation at 37 °C, cells were fixed and prepared separately for SEM and 
TEM study. The cytoplasm membrane and nucleus were stained first before adding microcapsules for 
LSCM study following Du’s method [5] with miner modification. The size of cells and microcapsules 
can be observed contradistinctively from a LSCM image (Fig. 2A). Cellular uptake of microcapsule by 
cell was captured with a 1 hours live imaging after 1 hour incubation with microcapsules, determining 
the microcapsule may relocate cytoplasm of cell (Fig. 2 B~F).  A ~80 nm thickness section of cells 
shows that the microcapsule was taken up to a cell causing nucleus deformed (Fig. 1 E). The image of 
microcapsule inside cell determines that cellular uptake may be done with a different mechanism 
rather than endocytosis since the internal microcapsule doesn’t have a membrane shell (Fig. 1 E).  
The SEM images show that the microcapsules were stick to the cells (Fig. 1 F). 
    Generally, the bPEI/GO microcapsules were fabricated LBL assembly and studied with multi 
microscopy, showing that it may be an efficient carrier for cellular drug, protein or gene delivery 
applications.  
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Figure 1. Multi microscopy images of bPEI/GO microcapsules: A, bright field image of air dried microcapsules; B, 

Raman scatting spectra; C, SEM image of air dried microcapsules; D, TEM image of a around 80 nm thickness 
section image of microcapsules; E, TEM image of sliced microcapsules inside a Hela cell; F, SEM image of Hela 
cells after incubated with microcapsules for 24 hours. Scale bar: A, C, F, 50 μm; D, 5 μm; E, 2 μm.  
 

 
Figure 2. Laser scanning confocal microscopy images of Hela cells incubated with bPEI/GO microcapsules: A, 

3D image of stained cell and micro capsules; B-F, live images of cells uptake microcapsules with a vesicle (red 
arrow) within 60 minutes after 1 hour incubation. Scale bar: A-F, 25 μm. 


