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Abstract 
The purpose of the research was to develop and study biocatalysts based on ficin associates with chitosan nanoparticles. 
We obtained medium and high molecular weight chitosan nanoparticles with the addition of ascorbic acid and without 
it.The zeta potential of all types of nanoparticles was 0 mV. The associates of ficin and chitosan nanoparticles formed with 
the addition of ascorbic acid exhibited higher proteolytic activity. While determining the stability of the associates of 
chitosan and ficin nanoparticles, we noticed a decrease in the proteolytic activity of the samples within seven days. Medium 
and high molecular weight chitosan nanoparticles obtained using ascorbic acid differed significantly in size from the 
nanoparticles produced without ascorbic acid. The proposed biocatalysts have high prospects for use in cosmetology, 
biomedicine, and pharmacy.
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1. Introduction
Recently, nanoparticles which are highly 

dispersed materials smaller than 100 nm, 
have gained great importance in modern 
medicine. Their applications range from contrast 
imaging agents to carriers for the delivery of 
genes and bioactive substances to target cells. 
These unique nanomaterials have a number of 
properties due to their size distinguishing them 
from macromaterials of similar composition. 
Among these properties are high reactivity, 
electromagnetic energy absorption, and high 
biological mobility [1–3].

Nanoparticles are also known as zero-
dimensional nanomaterials. They are called so 
because the sum of their dimensions is at the 
nanoscale. This feature differs them from one- 
and two-dimensional nanomaterials (nanowires, 
nanotubes, and self-assembled monolayer films, 
etc.) having one or two dimensions outside the 
nanoscale [4]. 

As mentioned above, nanoparticles have 
numerous advantages for modern medicine. First, 
their structural stability and ability to protect 
the bioactive substance against degradation, 
deactivation, and clearance make it possible to 
maintain the required substance therapeutic 
concentration [5–7].Moreover, it is possible to 
achieve the desired size and surface charge in the 
production of nanoparticles. The release kinetics 
of bioactive substances from the nanocomplexes is 
controllable. It occurs by diffusion, polymer swelling, 
or degradation, or a combination of these processes 
depending on the polymer type used to produce 
the carrier matrices [8]. Thus, nanoparticles are 
promising materials for the medical use. Chitosan 
is one of the promising polysaccharides for their 
production. It is a modified natural polyamino-
b-glycoside combining various mechanisms of 
medicine release. In addition to its biodegradability  
and the immune response absence, chitosan is 
marked by antibacterial activity due to the free 
primary amino group presences [9–10] and high 
mucoadhesive properties [11]. 

Proteases are the first enzymes used in 
food biotechnologies. Today, they proteases are 
applied in many industrial processes such as the 
tanning and pharmaceutical industry, as well as in  
biomedicine. Ficin occupies a special place among 
the frequently-used plant proteases. 

Ficin (EC 3.4.22.3) is a proteolytic enzyme 
isolated from the genus Ficus plant latex . It 
is a monomeric protein consisting of a single 
polypeptide chain with a molecular weight of 
25–26 kDa. Ficin is a representative of cysteine 
papain-like proteases and it is characterised 
by broad substrate specificity. The maximum 
catalytic activity is reached in the pH range of 
6.5–9.5. [12–16]. Ficin exhibits antimicrobial 
activity against gram-positive and gram-
negative bacteria. It is also known to have anti-
inflammatory, anthelmintic, antithrombotic, 
fibrinolytic and anticancer properties, as well as 
immunomodulatory effect [17–19].

However, the use of native protease solutions 
is limited by their low stability and autolysis 
resulting in the loss of practically valuable 
enzyme properties. One way to save  them is 
to obtain hybrid enzyme formulations using 
nanoparticle carriers [20].

Therefore, the aim of this research was to 
study the catalytic (proteolytic) activity of ficin 
associates with chitosan nanoparticles.

2. Experimental
Ficin was the object of the study, while 

azocasein  was chosen as the substrate for 
hydrolysis (both produced by Sigma, USA). 
Nanoparticles were obtained from medium 
molecular weight (MMWC, 200 kDa) and high 
molecular weight (HMWC, 350 kDa) chitosan 
purchased by Bioprogress, Russia.

Chitosan nanoparticles with ascorbic acid 
and without it, and their associates with ficin 
were prepared using the method described in 
[20–22].

Protease activity of the immobilized ficin 
was measured by the common method described 
in [24]. The research was carried out using 0.5% 
azocasein solution in 50 mM Tris-HCl buffer 
with pH 7.5 for 2 h at 37 °C. The amount of 
ficin (in mg of protein) that hydrolysed 1 µmol 
of substrate in 1 min was taken as a unit of 
catalytic activity.

Nano Zetasizer ZS (Malvern Instruments, 
USA) equipped with 4 mW He/Ne-laser with 
l = 632.8 nm and scattering angle 173 °С was used 
to measure the nanoparticle and ficin associates 
size and surface charge.
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3. Results and discussion
In the first series of experiments, we 

determined the size and zeta potential of chitosan 
nanoparticles. The nanoparticle parameters  
are presented in Table 1. It was found  that 
medium and high molecular weight chitosan 
nanoparticles obtained using ascorbic acid 
differed significantly in size from the ones 
produced without ascorbic acid. The median zeta 
potential of all nanoparticles was 0 mV.

When ficin was associated with medium and 
high molecular weight chitosan nanoparticles 
formed without ascorbic acid, the proteolytic 
activity of the associated enzyme was 84 and 88 % 
of  native enzyme. When ficin was associated with 
nanoparticles obtained with ascorbic acid, its 
catalytic activity increased by 15 % for medium 
molecular weight chitosan and by 18 % for high-
molecular-weight chitosan (Fig. 1). The better 
preserving enzyme activity in the complex with 
chitosan nanoparticles obtained with ascorbic 

acid is probably due to the antioxidant effects of 
additive on the biocatalyst[25, 26].

We carried out experiments to determine 
the residual proteolytic activity of native and 
associated ficin  at 37 °C and pH 7.5 in 0.05 M 
Tris-HCl buffer. All samples showed a decrease 
in their activity within 7 days.

After incubation for 168 hours, native ficin 
retained 8  % of its initial catalytic activity. Its 
associates with medium and high molecular 
weight chitosan nanoparticles obtained without  
ascorbic acid retained 27 and 16  % of their 
activity, respectively. The ficin associates with 
medium and high molecular weight chitosan 
nanoparticles with ascorbic acid retained 39 and 
18 % of their proteolytic activity, respectively 
(Fig. 2).

Starting from 4 hours of incubation at 37   
C in 0.05 M Tris-HCl buffer at pH 7.5, the ficin 
associates with nanoparticles were more stable 
than the free enzyme.

Table 1. Parameters of medium and high molecular weight chitosan nanoparticles

Chitosan nanoparticles Average size, nm Size range, nm Median zeta-
potential, mV

Zeta-potential 
range, mV

Medium molecular weight 
chitosan 12 7–21 0 0

Medium molecular weight 
chitosan with ascorbic acid 21 14–59 0 0

High molecular weight chitosan 33 18–79 0 0
High molecular weight chitosan 

with ascorbic acid 38 28–79 0 0

                                                       a                                                                                               b
Fig. 1. Catalytic activity of ficin, units/ml (a) and its change, % (b): soluble ficin (1); ficin associated with me-
dium molecular weight chitosan nanoparticles (2); ficin associated with medium molecular weight chitosan 
nanoparticles with ascorbic acid (3); ficin associated with high molecular weight chitosan nanoparticles (4); 
and ficin associated with high molecular weight chitosan nanoparticles with ascorbic acid (5). The activity of 
free ficin under optimum hydrolysis conditions was taken as 100 %.
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4. Conclusions
Thus, we obtained medium and high molecular 

weight chitosan nanoparticles with or without 
ascorbic acid. The ficin associates and chitosan 
nanoparticles obtained with ascorbic acid exhibited 
higher proteolytic activity. While determining the 
stability of the ficin and chitosan nanoparticles, 
we noticed a decrease in the proteolytic activity 
of the samples within seven days. 
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b
Fig. 2. Residual catalytic activity of ficin after incubation of the samples at 37 °C (a: in units/ml of solution or 
suspension, b: % of the original value): 1 – soluble ficin; 2 – ficin associated with medium molecular weight 
chitosan nanoparticles; 3 – ficin associated with medium molecular weight chitosan nanoparticles with ascor-
bic acid; 4 – ficin associated with high molecular weight chitosan nanoparticles; and 5 – ficin associated with 
high molecular weight chitosan nanoparticles with ascorbic acid. The catalytic activity of the obtained samples 
under optimum hydrolysis conditions was taken as 100 %. 

a

Condensed Matter and Interphases / Конденсированные среды и межфазные границы  	 2022;24(4): 523–528

S. S. Olshannikova et al.	 Study of the proteolytic activity of ficin associates with chitosan nanoparticles



527

References
1. Murthy S. K. Nanoparticles in modern medicine: 

State of the art and future challenges. International 
Journal of Nanomedicine. 2007;2(2): 129–141. Режим 
доступа: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2673971/

2. Parak W. J., Gerion D., Pellegrino T., Zanchet D., 
Micheel C., Williams C. S., Boudreau R., Le Gros M. A., 
Larabell C. A., Alivisatos A. P. Biological applications 
of colloidal nanocrystals. Nanotechnology. 2003;14: 
R15-R27. https://doi.org/10.1088/0957-4484/14/7/201 

3. Pankhurst Q. A., Connolly J., Jones S. K., Dob-
son J. Applications of magnetic nanoparticles in bio-
medicine. Journal of Physics Series D: Applied Physics. 
2003;36: R167–R181. https://doi.org/10.1088/0022-
3727/36/13/201 

4. Whitesides G. M. The ‘right’ size in Nanobio-
technology. Nature Biotechnology. 2003;21: 1161–1165. 
https://doi.org/10.1038/nbt872 

5. Xiong M.-H., Bao Y., Yang X.-Zh., Zhu Ya.-H., 
Wang J. Delivery of antibiotics with polymeric parti-
cles. Advanced Drug Delivery Reviews. 2014;78: 63–76. 
https://doi.org/10.1016/j.addr.2014.02.002 

6. Danhier F., Ansorenav E., Silva J. M., Coco R., 
Le Breton A., Préat V. PLGA-based nanoparticles: An 
overview of biomedical applications. Journal of Con-
trolled Release. 2012;161(2): 505–522. https://doi.
org/10.1016/j.jconrel.2012.01.043

7. Egebro Birk S., Boisen A., Hagner Nielsen L. 
Polymeric nano- and microparticulate drug delivery 
systems for treatment of biofilms. Advanced Drug 
Delivery Reviews. 2021;174: 30–52. https://doi.
org/10.1016/j.addr.2021.04.005 

8. Misra R., Acharya S., Dilnawaz F., Sahoo S. K. 
Sustained antibacterial activity of doxycycline-loaded 
poly(D,L-lactide-co-glycolide) and poly(e-caprolac-
tone) nanoparticles. Nanomedicine. 2009;4(5): 519–
530. https://doi.org/10.2217/nnm.09.28 

9. Cheung R., Ng T., Wong J., Chan W. Chitosan: 
an update on potential biomedical and pharmaceuti-
cal applications. Marine Drugs. 2015;13: 5156–5186. 
https://doi.org/10.3390/md13085156 

10. Osman R., Kan P. L., Awad G., Mortada N., El-
Shamy A. E., Alpar O. Spray dried inhalable ciproflox-
acin powder with improved aerosolisation and anti-
microbial activity. International Journal of Pharmaceu-
tics. 2013;449: 44–58. https://doi.org/10.1016/  
j.ijpharm.2013.04.009 

11. Lehr C. M., Bouwstra J. A., Schacht E. H., Jun
ginger H. E. In vitro evaluation of mucoadhesive 
properties of chitosan and some other natural poly-
mers. International Journal of Pharmaceutics.1992;78: 
4 3 – 4 8 .  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / 0 3 7 8 -  
5173(92)90353-4 

12. Siar E.-H., Arana-Peña S., Barbosa O., Zi-
doune M. N., Fernandez-Lafuente R. Immobilization/

stabilization of ficin extract on glutaraldehyde-acti-
vated agarose beads. Variables that control the final 
stability and activity in protein hydrolyses. Catalysts. 
2018;8: 149. https://doi.org/10.3390/catal8040149

13. Olshannikova S., Koroleva V., Holyavka M., 
Pashkov A., Artyukhov V. Covalent immobilization of 
thiol proteinases on chitosan. Chemistry Proceedings. 
2020;2(1):7. https://doi.org/10.3390/ECCS2020-07527 

14. Silva-López R. E., Gonçalves R. N. Therapeutic 
proteases from plants: biopharmaceuticals with mul-
tiple applications. Journal of Applied Biotechnology & 
Bioengineering. 2019;6(2): 101–109. https://doi.
org/10.15406/jabb.2019.06.00180 

15. Hu R., Chen G., Li Y. Production and charac-
terization of antioxidative hydrolysates and peptides 
from corn gluten meal using papain, ficin, and brome-
lain.  Molecules. 2020;25(18): 4091. https://doi.
org/10.3390/molecules25184091 

16. Holyavka M., Pankova S., Koroleva V., Vysh-
kvorkina Yu., Lukin A. Kondratyev M., Artyukhov V. 
Influence of UV radiation on molecular structure and 
catalytic activity of free and immobilized bromelain, 
ficin and papain. Journal of Photochemistry and Photo-
biology B: Biology. 2019;201: 111681. https://doi.
org/10.1016/j.jphotobiol.2019.111681 

17. Ribeiro J. S., Barboza A. d. S., Cuevas-Suárez C. E., 
Silva A. F., Piva E., Lund R. G. Novel in-office perox-
ide-free tooth-whitening gels: bleaching effectiveness, 
enamel surface alterations, and cell viability. Scientific 
Reports. 2020;10: 8. https://doi.org/10.1038/s41598-
020-66733-z

18. Aider M. Potential applications of ficin in the 
production of traditional cheeses and protein hydro-
lysates. JDS Communications. 2021;2(5): 233–237. 
https://doi.org/10.3168/jdsc.2020-0073 

19. Morellon-Sterling R., El-Siara H., Tavano O. L., 
Berenguer-Murcia A., Fernández-Lafuente R. Ficin: A 
protease extract with relevance in biotechnology and 
biocatalysis. International Journal of Biological Macro-
molecules . 2020;162:  394–404. https://doi.
org/10.1016/j.ijbiomac.2020.06.144 

20. Szeto Y. S., Hu Z. Method for preparing chitosan 
nano-particles. Patent No US2008/0234471 A1. Publi-
cation Date: 25.09.2008.

21. Ol’shannikova S. S., Red’ko Y. A., Lavlin
skaya,  M. S.  Sorokin A. V., Holyvka M. G., Artyu
khov V.  G.  Preparation of papain complexes with 
chitosan microparticles and evaluation of their stabil-
ity using the enzyme activity level. Pharmaceutical 
Chemistry Journal. 2022;55: 1240–1244. https://doi.
org/10.1007/s11094-022-02564-8

22. Koroleva V. A., Holyavka M. G., Olshanni
kova S. S., Artukhov V. G. Formation of ficin complexes 
with chitosan nanoparticles with a high level of 
p r o t e o l y t i c  a c t i v i t y.  R u s s i a n  J o u r n a l  o f 
Biopharmaceuticals. 2018;10(4): 36–40. (In Russ., 

Condensed Matter and Interphases / Конденсированные среды и межфазные границы  	 2022;24(4): 523–528

S. S. Olshannikova et al.	 Study of the proteolytic activity of ficin associates with chitosan nanoparticles



528

abstract in Eng.). Available at: https://www.elibrary.
ru/item.asp?id=36834674  

23. Garcìa-Carreño F. L. The digestive proteases of 
langostilla (pleuroncodes planipes, decapoda): their 
partial characterization, and the effect of feed on their 
compositionю Comparative Biochemistry and Physiol-
ogy Part B: Comparative Biochemistry. 1992;103: 
5 7 5 – 5 7 8 .  h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / 0 3 0 5 -
0491(92)90373-Y 

24. Sabirova A. R., Rudakova N. L., Balaban N. P., 
Ilyinskaya O. N., Demidyuk I. V., Kostrov S. V., 
Rudenskaya G. N., Sharipova M. R. A novel secreted 
metzincin metalloproteinase from Bacillus intermedi-
us. FEBS Lett. 2010;584 (21): 4419–4425. https://doi.
org/10.1016/j.febslet.2010.09.049 

25. Burri B., Jacob R. Human metabolism and the 
requirement for vitamin C. In: Vitamin C in health and 
disease. Packer L., Fuchs J. (eds.). New York: Marcel 
Dekker Inc., 1997; 25-58.

26. Arrigoni O., De Tullio M. C. Ascorbic acid: much 
more than just an antioxidant. Biochimica et Biophysica 
Acta. 2002;1569: 1–9. https://doi.org/10.1016/s0304-
4165(01)00235-5

Information about the authors
Svetlana S. Olshannikova, post-graduate student 

of the Biophysics and Biotechnology Department of 
Voronezh State University (Voronezh, Russian 
Federation).

https://orcid.org/0000-0003-3381-2008
olshannikovas@gmail.com 
Yulia А. Redko, bachelor of the Biophysics and 

Biotechnology Department of Voronezh State 
University (Voronezh, Russian Federation).

redkoju@yandex.ru
Maria S. Lavlinskaya, Cand. Sci. (Chem.), Senior 

Researcher of the Biophysics and Biotechnology 
Department of Voronezh State University (Voronezh, 
Russian Federation); Senior Researcher of the 
Bioresource Potential of the Seaside Territory 
Laboratory, Sevastopol State University (Sevastopol, 
Russian Federation).

https://orcid.org/0000-0001-9058-027X
maria.lavlinskaya@gmail.com 

Andrey V. Sorokin, post-graduate student of the 
Polymer Science and Colloid Chemistry Department, 
Junior Researcher of the Biophysics and Biotechnology 
Department of Voronezh State University (Voronezh, 
Russian Federation); Junior Researcher of the 
Bioresource Potential of the Seaside Territory 
Laboratory, Sevastopol State University (Sevastopol, 
Russian Federation).

https://orcid.org/0000-0001-5268-9557
andrew.v.sorokin@gmail.com 
Marina G. Holyavka, Dr. Sci. (Biology), Docent, 

Professor of the Biophysics and Biotechnology 
Department, Senior Researcher of the Biochemistry 
and Cell Physiology Department of Voronezh State 
University (Voronezh, Russian Federation); Professor 
of the Physics Department, Leading Researcher of the 
Molecular Substance Structure Research Core Center 
of Sevastopol State University (Sevastopol, Russian 
Federation).

https://orcid.org/0000-0002-1390-4119
holyavka@rambler.ru 
Nikolay E. Yudin, master student of Polymer 

Science and Colloid Chemistry Department of 
Voronezh State University (Voronezh, Russian 
Federation).

https://orcid.org/0000-0001-5667-0319
koli4ka99@mail.ru 
Valery G. Artyukhov, Dr. Sci. (Biology), Full 

Professor, Head of the Biophysics and Biotechnology 
Department, Senior Researcher of the Biochemistry 
and Cell Physiology of Voronezh State University 
(Voronezh, Russian Federation).

artyukhov@bio.vsu.ru
Received 06.05.2022; approved after reviewing 

30.06.2022; accepted for publication 15.09.2022; 
published online 25.12.2022.

Translated by Anastasiia Ananeva
Edited and proofread by Simon Cox

Condensed Matter and Interphases / Конденсированные среды и межфазные границы  	 2022;24(4): 523–528

S. S. Olshannikova et al.	 Study of the proteolytic activity of ficin associates with chitosan nanoparticles


