
MendelNet
Conference Brno 2019

Editors:

Radim Cerkal

Natálie Březinová Belcredi

Lenka Prokešová

Aneta Pilátová

Proceedings of 26  
International PhD Students Conference

6-7 November 2019,  Brno,  Czech Republic

th



Mendel University in Brno 
Faculty of AgriSciences 

MendelNet 2019 

Proceedings of 26th International PhD Students Conference 
6–7 November 2019, Brno, Czech Republic 

Editors: Radim Cerkal, Natálie Březinová Belcredi, Lenka Prokešová, Aneta Pilátová 

©2019



6–7  2019, Brno, Czech Republic

Differences in siRNA encapsulation between HsaHFt-RK ferritin 
and EcaLHFt 

Marketa Charousova1,2, Michal Mokry3, Vladimir Pekarik4 
1Department of Chemistry and Biochemistry 

Mendel University in Brno 
Zemedelska 1, 613 00 Brno 

2Central European Institute of Technology (CEITEC) 
University of Technology 

Purkynova 123 00, 612 00 Brno 
3Department of Biomedical Engineering 

University of Technology 
Technicka 10, 616 00 Brno 
4Department of Physiology 

Masaryk University 
Kamenice 5, 625 00 Brno 

CZECH REPUBLIC 

charousovam@gmail.com 

Abstract: Nanomedicine in cancer treatment has a great potential. With usage of proper nanocarrier we 
would be able to eliminate negative side effects and excessively high toxicity of chemotherapeutical 
drugs to normal cells. Ferritins in general are proteins which could do the trick. Their ability to change 
structure in low pH could be used for drug delivery. Ferritins are also ubiquitous so there is also very 
small chance of immune reaction in body. First and the most used and described ferritin is EcaLHFt 
(ferritin from horse spleen). Its ability to encapsulate various molecules is already known and used  
in research laboratories. Only molecules with negative charge are troublesome to encapsulate  
into EcaLHFt. For this reason, we created recombinant human ferritin – HsaHFt-RK, which is designed 
to encapsulate predominantly negatively charged molecules. We were able to confirm this hypothesis 
by comparing the encapsulation efficiency of FAM-siRNA inside EcaLHFt and HsaHFt-RK. 
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INTRODUCTION 
Cancer never sleeps. More and more people are diagnosed with cancer every year. There is a need 

for a novel cancer treatment, which would be gentler to patients. High hopes are given to immunotherapy 
(Bergman 2009) and nanomedicine (Wolfram and Ferrari 2019). However, the most used cancer 
treatment is still surgery with chemotherapy and radiotherapy. 

Nanomedicine is based on nanotransporters which are able to encapsulate or bind at their surface 
active molecules and transfer it to cancer tissue without penetrating the normal cells and organs in patient 
body. For this purpose various types of molecules are used, most of them inorganic (Todd et al. 2013). 
Later, the use of proteins as nanotransporters started to be tested. Proteins are more biocompatible  
and less toxic than inorganic transporters. Interesting protein-based nanotransporter is ferritin.  
This ubiquitous protein with spherical structure is primarily used in body for iron storage  
and transportation. Its external diameter is about 12 nm with inside cavity of 8 nm (Uchida et al. 2006). 
Ferritin structure is robust and stable in physiological environment, in pH scale 2–10 and even  
in extreme biological temperatures up to 70 °C (Chen et al. 2008, Kang et al. 2008).  

There is also one essential property which makes ferritin widely used in research labs, its ability 
to self-assemble. This ability was first found and described in horse spleen ferritin (EcaLHFt) in 1978. 
The protein cage can be disassociated in pH below 2 and fold back together if pH is returned back  
to neutral (Banyard et al. 1978, Domínguez-Vera and Colacio 2003). This property is used  
for encapsulation various types of molecules inside ferritin. By mixing ferritin with wanted drug, 
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lowering pH to 2 and then returning pH to neutral, we will get encapsulated drug inside ferritin cavity 
(Heger et al. 2014). 

Using this protocol, EcaLHFt is able to encapsulate chemotherapeutical drugs, inorganic 
molecules, organic molecules and so on. However, encapsulation of highly negatively charged 
molecules, such as siRNA inside EcaLHFt is not possible. Therefore, we created recombinant human 
ferritin (HsaHFt), which is formed only from heavy subunits and has changed amino acid sequence 
at 5th helix to positively charger arginine and lysine (creating HsaHFt-RK). Therefore, it should bind 
negatively charged molecules as siRNA. 

MATERIAL AND METHODS 

HsaHFt-RK ferritin production 
Bacterial strain E. coli BL21-CodonPlus (DE3)-RIL containing plasmid pHsaHsaHFt-RK was 

put on new agar plate with antibiotics chloramphenicol [34 mg/ml] and kanamycine [50 mg/ml] 
and incubated overnight at 37 °C. 

Next day afternoon fresh antibiotics chloramphenicol [cend = 34 µg/ml] and kanamycine 
[cend = 50 µg/ml] were added into 2 x 150 ml FLB media. The LB medium was inoculated with E. coli 
and incubated over night at 37 °C. Next day morning, two empty 50 ml tubes were weighted and bacteria 
were centrifuged in them for 15 min at 4000 rpm. The supernatant was discarded and pellet (P1) was 
weighted. P1 was then resuspended in fresh LB medium with antibiotics and incubated at 37 °C 
for 1 hour. After 1 hour of incubation isopropyl β-D-1-thiogalactopyranoside (IPTG [200 mM]) was 
added to final concentration 0.5 mM and incubation went for another 4 hours at 37 °C. Bacteria was 
centrifuged for 15 min at 4500 rpm, supernatant was discarded and pellet was weight (P2). 11 ml 
of ferritin lysis buffer (FLB, 25 mM ½Na HEPES + 150 mM NaCl in H2O) was added to P2 
and sonicated using QSonica Q700 Sonicator (Qsonica L.L.C, Newtown, CT, USA) microtip, amplitude 
50, time 2.5 min, energy 1530 J, working on ice. Centrifuged at 5000 rpm for 15 min, dispensed 
supernatant to new 15 ml tube, there was taken 100 µl aliquot into new 1.5 ml tube (S1). Preheated water 
bath at 70 °C, put tube and left for 10 min then incubate for 10 min to ice with subsequent centrifugation 
for 10 min at 5000 rpm. Supernatant was transferred into new 15 min tube and 100 µl aliquot was taken 
into new 1.5 ml tube (S2). 55 µl of DNase [10 mg/ml] was added to the sample to a final concentration 
of 50 µg/ml, all was left to incubate overnight at 37 °C. Next day morning, 100 µl aliquot (S3) was taken 
and 1% agar electrophoresis (80 V 17 min) was performed to verify DNA removal. Water bath was 
preheated at 85 °C and the sample was put there for 10 min, then put on ice for another 10 min. 
Then the sample was centrifuged for 10 min at 5000 rpm. Supernatant was transferred to a new 15 ml 
tube, and 100 µl aliquot was taken to 1.5 tube (S4). The ferritin protein was precipitated from sample 
in two steps by ammonium sulphate (AS). 2.750 g of AS was added to 11 ml of sample [cend = 250 
mg/ml]. All AS was left to dissolve and kept at RT on rotator for 10 min. The sample was centrifuged 
for 15 min at 9000 rpm. The supernatant was transferred to new 15 ml tube, the pellet (P1 - containing 
proteins, not ferritin) was centrifuged once more to get all supernatant from tube. 1.650 g of AS was 
added to supernatant to a final concentration of 400 mg/ml. Sample was put on rotator for 15 min 
to completely dissolve. Then the sample was centrifuged for 15 min at 9000 rpm. The supernatant was 
poured out, the pellet (P2) containing HsaHFt-RK ferritin. P1 was dissolved in 150 µl of FLB and P2 
was dissolved in 500 µl FLB. Dissolved P2 was centrifuged for 10 min at 15000 rpm and transferred 
to a clean 1.5 ml tube. 5% native electrophoresis was performed with all aliquots and pellets. 
From aliquots S1 to S4, 10 µl was taken and mixed with 5 µl loading buffer, from P1 and P2, 2 µl were 
mixed with 8 µl H2O plus 5 µl loading buffer (Vend = 15 µl). Electrophoresis ran in Tris-Glycine native 
running buffer at 120 V for 87 min. 

HsaHFt-RK desalting 
Dissolved P2 was desalted using PD MiniTrap G-25 (GE Healthcare Bio-Sciences, Pittsburgh, 

USA) following their protocol. First, storage solution was poured off from column. Column was 
equilibrated by sequential addition of 8 ml of FLB buffer and left run thought by gravity. At the end, 
the column was spun for 1 min at 1000 rpm and flow through was discarded. 500 µl of HsaHFt-RK was 
applied inside the column and all was spun for 1 min at 1000 rpm. Flow through was collected into new 
1.5 ml tube. 
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Determination of protein concentration 
To determine the protein concentration of HsaHFt-RK, Bradford BioRad 500-0006 (BioRad, 

California, USA) was used. BioRad dye reagent was diluted 1:5 with H2O. Standard samples of bovine 
serum albumin (BSA) were diluted to known concentration from 0.05 mg/ml to 0.6 mg/ml in seven-
point linear curve plus blank sample. The HsaHFt-RK protein was diluted 10x and 100x. 10 µl of all 
samples were pipetted in 96 well-plate in triplicates. 200 µl diluted Bradford dye was added  
to the samples and left incubating for 5 min, then the absorbance was measured using Sunrise Basic 
Tecan (Tecan Group LtD., Männedorf, Switzerland) at 595 nm. 

Encapsulation of FAM-siRNA 
EcaLHFt [50 mg/ml] and HsaHFt-RK [46.2 mg/ml] were diluted in a total volume of 100 µl  

to final concentration 25 mg/ml. Fresh solutions of 1M HCl and 1M NaOH were prepared and one 
aliquot of FAM-siRNA [10µM] as let to defrost.  

20 µl of EcaLHFt [25 mg/ml] and of HsaHFt-RK [25 mg/ml] was mixed with 50 µl H2O.  
Then, 10 µl NaOH [1M] was added, mixed well and left standing for 5 min. Then, 10 µl FAM-siRNA 
[10µM] was added, mixed well and incubated for 15 s, followed by addition of 10 µl HCl [1M]. 
Everything was mixed well and left standing for 5 min. The sample was split in half, first half was stored 
in fridge. To the second half, 0.5 µl RNase was added, mixed and incubated for 50 min at 37 °C.  
There were performed 1% agarose gel electrophoresis (80 V 20 min) and 6% native PAGE (120 V 
85 min). 

RESULTS AND DISCUSSION 
EcaLHFt as one of the most used ferritins in laboratory practice has a well known structure 

(Figure 1). The structure is formed out of 2 heavy and 22 light subunits (Fukano et al. 2011). HsaHFt-
RK ferritin is derived from human ferritin. It is formed out only by heavy subunits and amino acid 
sequence at C end of H5 helix was changed to arginine and lysine. Therefore, this ferritin is made  
to better and with higher efficiency bind negatively charged molecules. 

Figure 1 Structure of EcaLHFt, modelled by our colleague Dr. Haddad 

 
HsaHFt-RK isolation 

HsaFtH-RK was produced in E. coli. As selective antibiotics kanamycine and chloramphenicol 
were used. Bacteria were incubated overnight. Next day first bacterial pellet (P1) was weighted.  
This pellet was incubated in fresh medium with added IPTG to induce plasmid translation and therefore 
production of our ferritin. After another incubation, the second bacterial pellet was weighted (P2, 
Table 1).  

Second pellet was resuspended in FLB buffer and sonicated to disrupt bacteria cell wall  
and release ferritin to the solution. The solution was centrifuged to discard bacterial walls and organelles 
from protein lysate, and first aliquot (S1) was taken from supernatant. The protein lysate was heat 
denatured to discard unwanted proteins and molecules. Second aliquot (S2) was taken from supernatant 
after centrifugation.  
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Table 1 Weight of bacterial pellets 

Sample Weight of empty tube (g) P1 (g) P2 (g) 

HsaHFt-RK 1 13.46 13.71 14.16 

13.37 13.81 14.09 

Σ = 690 mg Σ = 1420 mg 

HsaHFt-RK 2 13.36 13.58 13.95 

13.36 13.70 14.09 

Σ = 560 mg Σ = 1320 mg 

Bacterial RNA was removed from solution by RNase. After incubation the third aliquot was taken 
(S3). Control agarose gel was performed from samples S2 and S3 to verify RNA and DNA removal 
(Figure 2). 

Figure 2 Verification of DNA removal 

Legend: 1 – S2 of HsaHFt-RK, 2 – S3 of HsaHFt-RK. 

Second heat denaturation was done to remove another unwanted proteins. After centrifugation, 
the fourth aliquot was taken (S4). AS was used for a two-step salting out of proteins. The unwanted 
proteins were removed in the first step (P1). Higher concentration of AS lead to salting our HsaHFt-RK 
ferritin (P2). Both pellets were dissolved in FLB. After the last purification step, the supernatant 
with dissolved HsaHFt-RK was transferred to a sterile tube. Native PAGE was performed to verify 
protein isolation (Figure 3).  

Figure 3 5% Native PAGE for verification ferritin isolation protocol 

Legend: 1 – S1, 2 – S2, 3 – S3, 4 – S4, 6 – P1, 7 – P2 (ferritin HsaHFt-RK, desalted). 
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HsaHFt-RK bands are visible in all aliquots. Furthermore, the gradual disappearance of unwanted 
proteins (bottom of lines) can be observed. The purification process leads to a clear and concentrated 
ferritin (line 7). The ferritin was desalted and the protein concentration was measured using Bradford 
dye. The final concentration of HsaHFt-RK was 46.2 mg/ml. 

Encapsulation of FAM-siRNA 
FAM-siRNA was encapsulated by basic encapsulation protocol in human and horse ferritin. Free 

FAM-siRNA was removed from solution by incubation with RNase. To verify the encapsulation  
and the encapsulation efficiency, samples were visualized by using agarose gel electrophoresis  
and native electrophoresis (Figure 4). 

Figure 4 FAM-siRNA encapsulation 

 
Legend: picture A 6% native gel, where are showed protein bands after coomassie staining and FAM-siRNA bands  
after visualization by Cy2 fluorescence canal, there is clearly seen, that HsaHFt-RK encapsulated FAM-siRNA and stayed 
stable, 1 – EcaLHFt, 2 – EcaLHFt + FAM-siRNA, 3 – EcaLHFt+FAM+RNase, 4 – HsaHFt-RK, 5 – HsaHFt-RK + FAM-
siRNA, 6 – HsaHFt -RK+ FAM-siRNA + RNase. Picture B shows 1% agarose gel, where a clear FAM-siRNA band is observed 
in HsaHFt-RK ferritin and only small amount of free FAM-siRNA with comparison to free control FAM-siRNA, 1 – FAM-
siRNA, 2 – FAM-siRNA + RNase, 3 – EcaLHFt, 4 – EcaLHFt + FAM-siRNA, 5 – EcaLHFt + FAM-siRNA + RNase, 
 6 – HsaHFt-RK, 7 – HsaHFt-RK + FAM-siRNA, 8 – HsaHFt-RK + FAM-siRNA + RNase. 

In the Figure 4, it can be seen that HsaHFt-RK was able to encapsulate high amount of FAM-
siRNA which is visible in agarose gel and also in native gel. Furthermore, encapsulation inside HsaHFt-
RK ferritin protected siRNA from the RNase. Coomassie staining revealed stability of HsaHFt-RK in 
basic environment, with no changes to its structure. On the other hand, EcaLHFt was not able  
to encapsulate FAM-siRNA inside its cavity and its structure is not the same after performed pH 
changes. This is caused by too high pH during the encapsulation, which is suitable for HsaHFt-RK  
but too high for EcaLHFt, which starts to aggregate and is not able to fully recreate its native structure. 

CONCLUSION 
We were able to design and produce functional and stable recombinant ferritin – HsaHFt-RK. 

The modification of the 5th helix aimed to bind negatively charged molecules was confirmed  
by successful FAM-siRNA encapsulation. The traditionally used EcaLHFt is not able to encapsulate 
negatively charged siRNA molecules, there are bound to the outer surface and are the EcaLHFt-siRNA 
particles are not able to internalize into cells. HsaHFt-RK shows very high potential for use in gene 
therapy. 
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