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New Lipid Force Fields to Include Anisotropic Membrane 
Characters 

 

Shinoda K1, Kamiya N2, Fujitani H1 
 

1RCAST, The University of Tokyo, Tokyo 153-8904, Japan 
2Healthcare System Unit, FUJITSU limited, Tokyo 144-8588, Japan 

 
 

We are developing a FUJI force field to describe arbitrary organic molecules in a unified 
manner including proteins, nucleic acids, small molecules, and lipids. In contrast to the 
common empirical fitting to experimental data, we use the first principle theoretical 
method to refine the force field. The dihedral torsion parameters of the protein backbone 
were determined to agree with the torsion energy profiles calculated by the high-level 
quantum mechanical theory of local coupled-cluster LCCSD [1]. FUJI was the best 
among the several kinds of force fields [2].  

Lipid bilayers separate the inside living part of a cell from the outside surroundings and 
have a 2D structure with different characters between the perpendicular and longitudinal 
directions. Phospholipids are amphiphilic with a hydrophilic (water-loving) phosphate 
head part and lipophilic (fat-loving or hydrophobic) fatty acid tails. They are flexible long 
molecules so as to show a variety of conformations in water. The lipid flexibility mainly 
depends on point charges and dihedral torsion energies of the lipid backbone. To explore 
the variety of conformations, we generated 400 conformations of a lipid and then 
performed Hartree-Fock structure optimizations. We selected 256 lower energy 
conformations, and the lipid point charges were constructed by restrained electrostatic 
potential (RESP). Because the lipid is amphiphilic (a combination of different 
characters), careful arrangements were necessary for the RESP calculation. We refined 
12 dihedral torsion parameters of lipid backbones by LCCSD in the same way as for the 
protein backbone. We developed new force fields for phospholipids (DLPC, DMPC, 
DOPC, POPC, SOPC, POPE, DOPE). 

The cutoff in the range of 10–14 Å was commonly used for the van der Waals interaction. 
But the discarded dispersion attraction outside the cutoff still significantly affects the 
system, whose energy and pressure should be corrected to reproduce proper values. 
To take into account the full range of the van der Waals interaction, the efficient Lennard-
Jones particle mesh Ewald (LJ-PME) was developed in 2015 by Wennberg et al. They 
confirmed that long-range contributions were well approximated by dispersion 
corrections in simple systems, but for lipid bilayers there were large effects on surface 
tension that resulted in up to 5.5% deviation in area per lipid and order parameters [3]. 
Our new force fields for the phospholipids correctly reproduced experimental area per 
lipid values by LJ-PME without the dispersion correction in contrast to the popular 
AMBER and CHARMM36 lipid force fields.  

AcrAB-TolC is the major efflux protein complex in Escherichia coli, extruding a vast 
variety of antimicrobial agents from the cell. Using the new FUJI lipid force field, we 
performed molecular dynamics simulations for the inner membrane transporter AcrB 
with bound minocycline or doxorubicin. We compare our simulation results with high-
resolution X-ray crystal structures. 
 

 
[1] Fujitani H et al., J. Chem. Theory Comput. 5:1155-1165, 2009. 
[2] Tzanov AT et al., J. Phys. Chem B. 118:6539-6552, 2014 
[3] Wennberg CL et al., J. Chem. Theory Comput. 11:5737-5746, 2015. 
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Molecular Dynamic Simulations of Antimicrobial Peptide Maculatin 
1.1 with Various Phospholipid Bilayers 

 
Sonavane YS, Zoranić L 
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Today, society faces the challenge of battling infectious diseases due to the rapid 
emergence of resistant bacteria [1]. An alternative path may be the nonspecific 
mechanism of action of antimicrobial peptide (AMPs), targeted at the cell’s membrane. 
However, the limiting factor in their possible applications is that high bacteriolytic activity 
is usually linked with high cytotoxicity to animal and human cells. The so-called 
selectivity factors that would help to differentiate the pathogen cells from, for example, 
human cells are vastly investigated, especially those connected with the properties of 
peptides [2].  
 
In this study, we focus more on the selectivity rise due to the membrane properties. We 
present results of the molecular dynamic simulations of the well-known AMP maculatin 
1.1 (from the Australian tree frog, Litoria genimaculata [3]) interacting with the modeled 
membranes of both eukaryotic and bacterial cells. Several simulation experiments were 
performed. Firstly, we simulated interaction of the peptide with the preformed pore and 
analyzed how the matching of the intrinsic curvature of peptide and that of the membrane 
contributes to the AMP activity. Secondly, we tested the details of the binding process, 
simulating interaction of the peptide with the planar membrane. Finally, we immersed 
peptide inside of the membrane, which probes the stability of the peptide depending on 
the different sizes of the hydrophobic core. 
 
Simulations and analyses were done using the GROMACS package [4] and the 
GROMOS54a7 force field [5], and the calculations of the bilayer's properties were 
performed using the APL@Voro [6] program. 
 
 
[1] Ventola CL, P. T. 40(4):277-283, 2015. 
[2] Rončević T et al., Biochim. Biophys. Acta. 1859(2):228-237, 2017. 
[3] Stone DJM et al., J. Chem Soc. Chem. Commun. (17)1224-1225, 1992. 
[4] www.gronacs.org 
[5] Schmid N et al., Eur. Biophys. J. 40:843-856, 2011. 
[6] Lukat G et al., J. Chem. Inf. Model, 53:2908-2925, 2013. 
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Genome-Wide Association Analysis of Thyroid Volume and 
Thyroid Antibodies in Hashimoto’s Thyroiditis 
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Škrabić V3, Zemunik T1, Barbalić M1, Punda A2, Boraska Perica V1 
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Hashimoto’s thyroiditis (HT) is the most common autoimmune thyroid disorder defined 
as a chronic inflammation of the thyroid gland. It is characterized by the infiltration of 
lymphocytes and progressive destruction of thyroid tissue. Another distinguished feature 
of HT is the presence of elevated thyroid autoantibodies against thyroid peroxidase 
(TPOAb) and thyroglobulin (TgAb). The aim of this study was to explore the genetic 
background of HT-associated traits, namely thyroid volume and thyroid antibodies, in HT 
patients by genome-wide association analysis (GWAS). 

The study included 430 HT patients recruited at the University Hospital Split (Croatia). 
Diagnosis of HT patients was based on clinical findings and laboratory parameters 
according to ETA recommendations and guidelines for Management of Subclinical 
Hypothyroidism. Participants were genotyped using the Illumina Infinium 
HumanCoreExome genotyping platform and imputed using the “1000 Genomes” 
reference panel and IMPUTE2 software. Association analysis of the resulting 8,592,875 
genetic markers was performed using GEMMA software. Three analyzed traits were 
adjusted for covariates under standard linear regression model: Thyroid volume was 
adjusted for gender, age, BSA, TSH, and levothyroxine therapy status whereas TPOAb 
and TgAb levels were adjusted for gender. Derived residuals were further included in 
the association analysis as a new phenotype for each trait under the linear mixed model, 
which accounts for population stratification and relatedness. 

We identified two genome-wide significant associations of intronic variants inside the 
AATF and CNDP1 genes (p=1.36×10-8, p=3.08×10-8, respectively) with thyroid volume. 
An additional genetic variant near the MIR8054 gene was suggestively associated with 
thyroid volume (p=2×10-7). No SNP reached genome-wide significance for thyroid 
antibodies; however, we identified two suggestive associations of genetic variants near 
the FAM13A and TRIM61 genes with TPOAb levels (p=6.30×10-8, p=4.89×10-7, 
respectively) and two suggestive associations of genetic variants near GTF3AP6 and 
inside the CA10 gene with TgAb levels (p=2.27×10-7, p=6.48 ×10-7, respectively). 

Our most interesting signal resides within AATF (apoptosis antagonizing transcription 
factor), which is involved in the regulation of gene transcription and cell proliferation. 
Overexpression of this gene interferes with MAP3K12-induced apoptosis, whereas, 
inhibition of the same MAP3K12 activity is driven by MBIP, a gene that has already been 
associated with thyroid cancer and TSH level, giving further evidence of the biological 
relevance of this pathway in thyroid function. The second hit resides inside CNDP1 
(carnosine dipeptidase 1), which is a human carnosinase mainly expressed in the central 
nervous system. 

In conclusion, our study identified novel, biologically interesting genes associated with 
thyroid volume and several suggested genes associated with thyroid antibodies in HT 
patients. These findings represent a good basis for further exploration of underlying 
genetics of HT determinants. 
  



74 
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The prohormone thyroxine (T4) is the primary hormone secreted by the thyroid gland. It 
becomes activated upon its conversion to the bioactive hormone triiodothyronine (T3) in 
peripheral tissues. Levels of thyroid hormones (THs) in the serum are controlled by a 
feedback system involving the hypothalamus, pituitary gland, and thyroid gland. After 
biosynthesis, T4 is secreted into the plasma where it exhibits specific functions at 
different target organs. 
 
To identify genetic loci associated with T4 levels in the serum, we performed the first 
GWAS meta-analysis on 1,121 individuals from two cohorts, Split and Korcula, derived 
from the ''10 001 Dalmatians project.''  A total of 7,626,603 variants, imputed using a 
1000 Genomes reference panel and IMPUTE2 software, with minor allele frequency ≥ 
1% and imputation quality ≥ 0.4 were analyzed for association. To test for association 
between genetic variants and T4 concentration, we performed a linear regression 
analysis adjusted for age, gender, and relatedness. All association results were 
combined using an inverse-variance meta-analysis. 
 
No single nucleotide polymorphism (SNP) reached the genome-wide significance, 
however, genetic variant rs12282281 was suggestively associated with serum T4 levels 
(P=4.38*10-7, β=−0.8791, SE=0.1740). This SNP is located in the SLC22A9 gene, which 
is a part of human solute carrier (SLC) gene superfamily.  
 
The action of THs take place within cells requiring the transport of THs across the plasma 
membrane. Several transport proteins involved in the cellular entry of THs have been 
identified including some from the SLC gene family. Thus, the association of the 
SLC22A9 variant with T4 serum levels is an interesting and biologically plausible finding 
that needs further confirmation through replication studies in different populations. 
 
 
Acknowledgements: This work is supported in part by the Croatian Science Foundation 
under the project 1498. 
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Basic Principles and Recent Advances in Probes 
and Assays for Cellular Oxidants 
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In recent years, significant progress has been made in the development of new probes 
and assays for cellular oxidizing, nitrating, and chlorinating species [1,2]. For selected 
probes, the redox chemistry has been investigated, and the kinetics and stoichiometry 
of their reaction with cellular oxidants were established. Here, the methods of detection 
of selected cellular oxidants will be reviewed, and the most recent advances in their use 
and characterization will be highlighted. 

For measurements of the superoxide radical anion (O2
•–), hydroethidine (HE) remains a 

probe of choice. The specificity of the assay is obtained by HPLC-based monitoring of 
the O2

•–-specific oxidation product of HE, 2-hydroxyethidium. HPLC-based profiling of 
the oxidation products, including ethidium and diethidium, enables the detection of other 
cellular oxidants in addition to O2

•–. Also, site-specific analogs of HE, including MitoSOX 
Red (Mito-HE) and hydropropidine (HPr+), allow for the detection of cellular oxidants in 
various subcellular compartments. 

 
Boronates have emerged as a new class of probes for hydrogen peroxide (H2O2) and 
peroxynitrite (ONOO–). While kinetic advantage favors the latter (k ~ 106 M-1s-1 vs ~1 M-

1s-1 for ONOO– and H2O2, respectively), boronate probes were successfully applied to 
detect both oxidants in biological systems. The minor pathway that occurs in the reaction 
of boronates with ONOO– leads to the formation of ONOO–-specific minor products of 
diagnostic value. For example, the boronate probe o-MitoPhB(OH)2 produces o-
MitoPhOH in the presence of H2O2 and ONOO–, but in the presence of ONOO– additional 
products, cyclo-o-MitoPh and o-MitoPhNO2, are also formed. 

 
Profiling the distribution of various oxidation products from a single probe is proposed 
as an approach for rigorous detection of multiple oxidants generated in cell-free or 
cellular systems. 
 

[1] Debowska K et al., Pharmacol. Rep. 67:756-764, 2015. 
[2] Kalyanaraman B et al., Arch. Biochem. Biophys. 617:38-47, 2017. 
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The spin trapping technique is one of the most reliable methods for the unambiguous 
detection and characterization of free radicals. This technique is based on the specific 
reaction of a short-lived free radical with a nitrone spin trap to form a persistent radical 
adduct that is conveniently detected by electron paramagnetic resonance (EPR) 
spectroscopy (Figure 1). Typically, the EPR spectra of spin adducts exhibit a very 
characteristic hyperfine splitting pattern enabling the identification of the trapped short-
lived radical species. 

However, there are several limitations for the study of free radicals in biological systems 
using the spin traps: i) readily reduced nitroxide spin adducts to EPR-silent products, 
and ii) low trapping rate of O2

•– compared with the reactions with endogenous 
scavengers of O2

•– (e.g., superoxide dismutase, nitric oxide). 

Due to the limitations of spin trapping, hydroethidine (HE) has become the most popular 
fluorogenic probe used to detect intracellular O2

•–. The reaction of HE with O2
•– is 

relatively fast (k ̴ 104 M-1s-1) and generates 2-OH-E+ as a specific, stable superoxide 
marker (Figure 1).  

Unfortunately, the use of HE in biological systems is limited by three main problems: i) 
lack of site-specific analogs of HE, ii) degradation of HE by heme proteins leading to 
misleading signals, and iii) requirement of HPLC-based product separation coupled with 
fluorescence, electrochemical, or MS detection. 

Herein, we report the design, synthesis, and reactivity of the DIPPMPO and HE analog 
probes toward the superoxide radical. 

 
Figure 1. Reactivity of DIPPMPO and HE toward the superoxide radical. 
 

 

Acknowledgements: The authors thank the French National Research Agency (ANR- 
16-CE07-0023-01).  
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Michalski R1, Pięta J1, Adamus J1, Kalyanaraman B2, Sikora A1 
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Nitroxyl (HNO, IUPAC name azanone), formally the protonated product of a one-electron 
reduction of nitric oxide (NO), is an elusive reactive nitrogen species of high 
pharmacological importance [1, 2]. Contrary to NO, HNO is a strong electrophile and is 
highly reactive toward phosphines and nitroso compounds. A number of fluorescent 
probes for HNO detection based on the reaction of HNO with arylphosphines have been 
developed recently. HNO is also highly reactive toward thiols, thiol proteins, and 
metaloproteins [1-3]. The results of the study on HNO reactivity toward oxygen, thiols, 
arylphosphines, and nitroso compounds will be presented, and the chemistry, chemical 
biology, and detection methods of HNO will be discussed [4,5].  
 
 
Acknowledgements: This study was supported by the Polish National Science Center 
within the SONATA BIS program (Grant Number 2015/18/E/ST4/00235). 
 
[1] Fukuto JM et al., Chem. Res. Toxicol. 18:790, 2005. 
[2] Paolocci N, Pharmacol. Ther. 113:442, 2007. 
[3] Miranda KM et al., Proc. Natl. Acad. Sci. U S A. 100:9196, 2003. 
[4] R. Smulik et al., J. Biol. Chem. 289:35570, 2014. 
[5] Smulik-Izydorczyk R et al., Nitric Oxide, 2017. doi: 10.1016/j.niox.2017.05.003 
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Quantification of the Complexity of Integral Membrane Protein 
Secondary Structure 

 
Batista J1, Lučić B2 
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Structures of integral membrane proteins are characterized by the existence of one or 
more transmembrane segment(s) in the protein sequence. Depending on whether these 
segments are of alpha (~20 residues in length) or beta (~11 residues) secondary 
structure, integral membrane proteins are classified as those of alpha or beta type. 
Membrane protein sequences range in length from 20–30 to more than 1,000 amino acid 
residues. Intuitively, the structure of an alpha membrane protein with 200 amino acids 
and five transmembrane segments (each with 20 amino acids) is more complex than the 
structure of a membrane protein with 200 amino acids and one transmembrane 
segment. We proposed a biophysical procedure for the quantification of structure 
complexity by counting the number of possible realizations of membrane protein 
structure. It is applied to analyze the complexity of representative data sets [1-4] of alpha 
membrane proteins used in the development of modeling methods to predict the 
structure of membrane proteins. 
 
 
[1] Rath EM et al., BMC Bioinformatics. 14:111, 2013. 
[2] Reeb J et al., Proteins. 83:473-484, 2015. 
[3] Bernhofer M et al., Proteins. 84:1706–1716, 2016. 
[4] Batista J et al., Croat. Chem. Acta. 89:527-534, 2016. 
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The mitotic spindle is a micromachine formed during cell division to ensure even 
distribution of genetic material amongst daughter cells. Forces in the spindle play a key 
role in its functioning, by driving movement of its constituents and maintaining its shape. 
However, these forces are not easily accessible by current experimental techniques and, 
therefore, remain largely unknown. To tackle this problem, we studied spindle shape and 
inferred forces from the elastic properties of microtubules. We used STED super-
resolution microscopy to image human cell spindles and found that microtubule bundles 
resemble C and S letter shapes. By using confocal imaging of spindles oriented roughly 
perpendicular to the imaging plane, we showed that they possess chirality. We found 
that chirality is left-handed with an average bundle helicity around −1 degrees per µm. 
We developed a theoretical model with a microtubule bundle described as an elastic 
slender rod, which suggests that a torque is required to generate the observed helical 
shapes. To perturb the twisting moment in our spindles, we reduced the activity of motor 
protein kinesin-5 (Eg5/Kif11). We conclude that torques generated by motor proteins, in 
addition to forces, exist in the spindle and determine its shape. 
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Oxidative stress, including photic stress, is viewed as a contributing factor in the 
development of age-related macular degeneration (ARMD), a progressive retinal 
disease that is the leading cause of vision loss among people over 60 years of age in 
the industrialized Western countries. It is believed that key changes leading to the onset 
of the pathology occur in the retinal pigment epithelium (RPE), which provides metabolic 
support for the entire retina and is involved in phagocytosis of photoreceptor outer 
segment (POS). Efficient ingestion and degradation of POS membranes by RPE plays 
a critical role in biological renewal of these highly peroxidizable structures. Significant 
malfunction of this process leads to a rapid degeneration of photoreceptor cells and loss 
of vision. Due to exposure to high oxygen tension and intense visible light, high content 
of polyunsaturated fatty acids, and presence of endogenous photosensitizers, POS and 
RPE cells are at elevated risk of oxidative stress. Here, we examined if products of 
oxidative modifications of POS isolated from bovine eyes may contribute to dysfunction 
of retinal pigment epithelium under photic stress conditions. ARPE-19 cells were 
exposed to sublethal doses of photic stress mediated by products of oxidative 
modifications of POS. Survival of cells was determined by MTT assay. The effect of 
photic stress on specific or nonspecific phagocytic activity of the cells was measured in 
a plate reader or by flow cytometry. Protein hydroperoxides, photogenerated in model 
systems and in cells, were measured employing the fluorogenic CBA probe. It was 
observed that rhodopsin-rich POS freshly isolated from bovine retinas were highly 
susceptible to light exposure. Upon 20 min of green-light excitation, rhodopsin from 
bovine POS was bleached and all-trans-retinal was generated as determined by UV-vis 
absorption spectroscopy measurements. Blue light irradiation of ARPE-19 cells 
containing rhodopsin-rich POS resulted in a dose-dependent loss of cell viability. The 
specific phagocytosis of POS and nonspecific phagocytosis of fluorescent beads by 
ARPE-19 cells was inhibited by irradiation of the cells containing rhodopsin-rich POS 
with blue light. The data support the hypothesis that chronic photic stress mediated in 
the RPE by products of POS photobleaching could reduce their phagocytic efficiency.  
 
 
Acknowledgements: This work was supported by research grants SYMFONIA 2 
2013/08/W/NZ3/00700 and MAESTRO 4 2013/08/A/NZ1/00194 from the NSC. Faculty 
of Biochemistry, Biophysics and Biotechnology of Jagiellonian University is a partner of 
the Leading National Research Center (KNOW) supported by the Ministry of Science 
and Higher Education. 
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Fluoroethen Izotopomers 
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A new method, named the Low Rank Modification (LRM) method [1], is applied to 
calculate the out-of-plane frequencies of some fluoroethen isotopomers, together with 
corresponding amplitudes of vibrations of pure fluoroethen. The main advantage of the 
LRM compared with other methods is that the LRM method does not require force field 
constants to be determined, which significantly simplifies calculations.  
 
 
[1] Živković TP, Exact Treatment of Finite-Dimensional and Infinite-Dimensional 
Quantum Systems (Mathematics Research Developments), Nova Science Publishers, 
Inc., New York, 2010.  
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Iron is deposited in spleen and liver tissues in the iron storage proteins ferritin and 
hemosiderin. These proteins have a nanosized cavity for iron in the form of a ferrihydrite 
core. The iron cores in ferritin and hemosiderin may vary for different organs and animals 
as well as for normal and pathological states of the body, such as iron overload diseases. 
In some samples of spleen and liver tissues obtained from healthy persons and patients 
with some hematological malignancies (several lymphomas, acute myeloid leukemia, 
and primary myelofibrosis), the iron state was studied using magnetization 
measurements and Mössbauer spectroscopy. In the present work, we briefly review our 
results obtained during the last decade (earlier [1–3] and recent data), which 
demonstrate some differences in the iron content in normal and patient tissues, and the 
content of ferritin-like iron in the iron core structure. In the case of patients with 
myelofibrosis accompanied by splenomegaly, it was possible to suggest a correlation 
between a tremendous increase in the iron content and the pathophysiology of disease. 
 
 
Acknowledgements: This work was supported by the Ministry of Education and Science 
of the Russian Federation (Project # 3.1959.2017/4.6) and the Act 211 Government of 
the Russian Federation, contract № 02.A03.21.0006. 
 
[1] Oshtrakh MI et al., Biometals. 26:229–239, 2013. 
[2] Felner I et al., J. Mag. Mag. Mat. 399:118–122, 2016. 
[3] Alenkina IV et al., In: Proceedings of the International Conference “Mössbauer 
Spectroscopy in Materials Science 2016,” Eds. Tuček J, Miglierini M, AIP Conference 
Proceedings. AIP Publishing, New York, 1781, 020010, 2016. 
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It is well known that dinitrosyl iron complexes (DNIC) play an essential role as 
physiological nitric oxide (NO) forms in organisms [1]. The aim of the present research 
was to study the action of DNIC with glutathione ligands (DNIC-GS) in rat organisms 
during native blood circulation and cardiac ischemia. In all of the experiments, the 
mononuclear DNIC concentration in whole blood, as well as in organ tissues, was 
recorded using electron paramagnetic resonance (EPR) spectroscopy. Meanwhile, the 
levels of NO and NO’s physiological forms in organs were registered using spin traps 
[2]. We have shown that the hypotensive action of DNIC and its accumulation in whole 
blood and organs depend on the mode of introduction of this substance, and the most 
substantial and prolonged effects were registered after DNIC-GS intravenous and 
subcutaneous injections [3]. After intravenously injecting DNIC-GS in organisms, it 
operated mostly as a potent origin of NO physiological forms, such as DNIC with protein 
ligands and S-nitrosothiols, and its effect on the free NO level was substantially slower. 
The rates of mean aortic pressure decrease and accumulation of protein-bound DNIC in 
whole blood and organ tissues after subcutaneous injection of DNIC-GS were certainly 
slower, as compared with the rates after intravenous administration. Subcutaneous 
DNIC-GS injection did not cause the formation of high concentrations of protein-bound 
complexes in the blood at the beginning of the experiment, and resulted in more effective 
accumulation of DNIC-GS in the lungs, as compared with intravenous administration. In 
the another part of the present research, experiments on the cardiac regional ischemia 
model were carried out. We have shown that DNIC-GS exerted cardioprotective action, 
suppressing the ischemia-induced NO hyperproduction in the occluded area of the 
myocardium. Meanwhile, at the beginning of the postischemic reperfusion, the effective 
scavenging of superoxide radicals by DNIC molecules was registered [2]. DNIC-GS also 
exerted substantial protective action on the model of the isolated perfused rat heart 
during 40 min total ischemia, followed by reperfusion. In these experiments, DNIC-GS 
was infused into the myocardium during cardioplegia before the ischemia or at the 
beginning of the postischemic reperfusion. In both cases, DNIC-GS stimulated the 
recovery of heart activity. Thus, DNIC-GS molecules in organisms generally act as the 
origin of NO physiological forms, which cause prolonged hypotensive action. This 
substance also acts as a cardioprotective agent, suppressing NO hyperproduction in 
organs and scavenging reactive oxygen species at the beginning of reperfusion. 
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The main objective of this study was the preparation of bioactive polymeric substrates 
with immobilized growth factors such as bone morphogenetic proteins (BMPs) for the 
culture of human mesenchymal stem cells derived from Wharton's jelly of the umbilical 
cord (hUC-MSCs) and to study the effect of the substrates on the differentiation 
capabilities of the cells toward bone. 
 
Multilayer polymeric films were prepared from pectin (Pec) and chondroitin sulphate 
sodium (Chon) as polyanions and diazoresin (DR) as polycation. Next, the multilayers 
were photo-crosslinked to stabilize these coatings. Recently, we have shown that such 
polymeric coatings enhance cell proliferation [1, 2]. BMP-2 and BMP-4 were immobilized 
on Pec/DR and Chon/DR polymeric films and analyzed by a variety of physicochemical 
methods such as atomic force microscopy, UV-Vis spectroscopy, X-ray photoelectron 
spectroscopy, etc. Finally, biological properties of the polymeric coatings with and 
without immobilized proteins were tested on hUC-MSCs cells. The impact of innovative 
substrates for induction of differentiation of hUC-MSCs into bone cells was evaluated 
using genetic assays and immunohistochemical staining in order to analyze the 
expression of selected, differentiation-specific markers. 
 
There are reports indicating that the use of a mixture of BMPs enhances cell 
differentiation by activating several signaling pathways. Therefore, our innovative 
approach based on the immobilization of several growth factors at the same time is an 
interesting and promising alternative for effective hUC-MSCs differentiation toward the 
selected cell linages. 
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