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Abstract. Ficin is actively used in the food industry like as brewing, baking, in the manufacture of meat 
and fish products, has potential properties for effective use in medicine and pharmacology, so a deeper study 
of the structure of the enzyme molecule is needed. Knowledge of the spatial structure of the enzyme makes 
it possible to understand and predict the behavior of the biocatalyst in various technological processes.

Reconstruction of the spatial structure of the plant protease ficin (EC 3.4.22.3) from Pisum sativum 
(GenBank: AAB41816.1) was performed using high-performance computer modeling. The molecular 
structure of papain from Carica papaya (PDB ID: 9PAP) was used as a model for a similar homologous 
protein from which the reconstruction was carried out. The reconstructed enzyme model was compared 
with the deposited ficin structure (PDB ID: 4YYU).

The search for ficin homologs (EC 3.4.22.3) from Pisum sativum (GenBank: AAB41816.1) was 
performed using the FASTA and PSI-BLAST servers in the PDB protein structure database. Multiple 
alignment was performed using the CLUSTALW server. Alignment calculations and visualization were 
performed using the UGENE 1.25 bioinformatics package. After processing the initial data, the resulting 
structure was optimized and relaxed in the AMBER96 force field for 100 picoseconds.

The protocol of the method for obtaining a model is given in detail, which can be used both for scientific 
and educational purposes.
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Proteolytic enzymes have important medical 
and industrial value. Cysteine proteases are the most 
significant of them [1]. These enzymes are also used in 
the food industry, e.g., brewing [2], bakery [3], meat 
[4] and fish [5] products manufacturing; chemical 
industry for synthesis of peptides and amino acids 
[6, 7], as the active substance of many detergents 
[8]; in the pharmaceutical industry and medicine as 
anthelmintic agents, anti-inflammatory agents, an 
alternative to antibiotics [9, 10].

Cysteine proteases contains ten clans: CA, CD, 
CE, CF, CH, CL, CM, CN, CO, and C-. A greater part 
of plant thiol proteolytic enzymes relates to the C1 
family, also known as the papain family (CA clan) [11].

The C1 family proteases are synthesized with 
a signal peptide delivering them to specific cell 
compartments, and a pro-peptide at the N-terminus, 
which is subsequently cleaved to activate the enzymes 

[1]. The enzyme`s active site is located in the pocket 
between the α-helix and β-sheet and is formed by 
Cys25 and His159 residues [12]. Residue of Gln19 
[13], which precedes Cys25, and Asn175, which 
orients the His159 imidazole ring [14, 15], are also 
important for catalysis.

Cysteine proteases are mainly obtained from 
tropical plants of the genus Carica (papain, 
chymopapain, caricain), Ficus (ficin), Ananas 
(bromelain, ananain, etc.) [1]. These thiol proteases 
are widely used due to their properties: such as abroad 
substrate specificity, wide boundaries of operating 
pH (from 5.0 to 8.0) and temperature (the optimum 
of enzymes lie in the range from 40 to 70 °C). The 
molecular weight of most thiol proteases is 25-30 
kDa [16].

The physiological role of the cysteine 
proteolytic enzyme family is in their participation 
in plant growth and development, as well as in 
cell aging and apoptosis [17]. Thiol proteases are 
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involved in protein modification, intracellular signal 
transduction, biotic and abiotic stimuli, and as a 
defense mechanism [18, 19].

Ficin (EC 3.4.22.3) is cysteine protease isolated 
from latex plants of the genus Ficus [20, 21]. Ficin has 
several isoforms, and consists of a single polypeptide 
chain, which is underdoing to autolysis [22, 23].

K.B. Devaraj et al. (2008) received information 
about the amino acid content of the ficin molecule [24].

M. Azarkan et al. (2011) presented data on the 
secondary structure of ficin C molecule, which con-
tains 24 ± 4% α-helices, 22 ± 4% β-sheet, 18 ± 2% of 
chain turns and 36 ± 3% of disordered regions. These 
values are close to those of the papain secondary 
structure [25].

To date, the structures of some industrially import-
ant thiol proteases, such as papain, bromelain, chy-
mopapain and caricain, are received [26, 27, 28]. 3D 
surface structure models of several ficin types (PDB 
IDs: 4YYQ, 4YYR, 4YYV, 4YYW) are showed [29].

Since ficin plays an important role in plant 
physiology, it is actively used in the food industry, 
it is promising for medicine and pharmacology 
application due to the ability to destroys microbial 
biofilms [30], a more in-depth study of the structure 
of the enzyme molecule is needed. Knowledge of the 
tertiary structure of the ficin will help to understand 
and predict the behaviour of the biocatalyst in the 
different systems.

There are a number of methods based on 
computer modeling to obtain a protein structure with 
an unknown spatial organization, [31]. First of all, it 
is the folding of a polypeptide chain from a branched 
conformation into a certain structure with a minimum 
of energy by calculating the molecular dynamics 
trajectory or Monte-Carlo calculations. In this method, 
using significant computational resources of multicore 
clusters, only a few very small protein structures 
were successfully obtained, for example, villin [32]. 
Somewhat later, distributed computing networks, the 
famous Folding@home and Rosetta@home, appeared. 
The conformational states from Rosetta's software 
can be used to initialize a Markov state model as 
starting points for Folding@home simulations [33]. 
Conversely, structure prediction algorithms can be 
improved from thermodynamic and kinetic models 
and the sampling aspects of protein folding simulations 
[34]. Thus, Rosetta only tries to predict the final folded 
state, and not how folding proceeds.

The second widely used approach to obtaining 
protein structures is to model the folding of a 
polypeptide chain de novo (also known as ab 

initio), i.e. by analyzing the “text” of the amino acid 
sequence. It is known a tendency for each residue to 
be part of one or another type of secondary structure 
[35, 36]. Modern algorithms predict the content of 
α-helixes, β-sheets and unordered regions using 
these data [37]. The Jufo 3D Server [38] offers 
a protein secondary structure prediction from its 
primary sequence and a three dimensional model. 
A neural network was learned with low resolution 
tertiary structure, an amino acid property profile, 
and the position based scoring matrix of a blast run 
[39]. It achieves a three state prediction accuracy 
between 75% and 95% depending on the quality of 
the structural model.

The third common approach is homology 
modeling, which we chose in this study. Selection and 
analysis of proteins of similar sequence [40], for which 
the spatial structure has already been experimentally 
established and deposited in ProteinDataBank [41], 
allows to “tighten” the sequence to the known spatial 
“frame” of its homologue with a high degree of 
certainty [42]. The homology modeling process [43, 
44] involves several steps, the main ones of which 
are the search for a structural template and the 
construction of an amino acid alignment diagram. The 
decisive factor determining the quality of the models 
obtained is the degree of homology (or identity) of 
the sequences of the modeled protein and template 
(better if > 30%).

The aim of this work is the reconstruction of the 
spatial structure of the Ficin from Pisum sativum 
(GenBank: AAB41816.1) based on the structure of 
the papain molecule from Carica papaya (PDB ID: 
9PAP).

MATERIALS AND METHODS
The search for homologues of the Ficin from Pisum 

sativum (GenBank: AAB41816.1) was performed 
using the servers FASTA and PSI-BLAST (their 
analogues) in the base of the PDB proteins structures 
[45]. Next, we performed multiple alignments 
using the CLUSTALW server [46]. Calculations 
and alignment visualization were performed in the 
UGENE 1.25 bioinformatics package [47].

Researchers often use MODELLER [48, 49], 
SYBYL [50], Quanta [51], as well as Swiss-Model 
and Phyre (Protein Homology/analogY Recognition 
Engine) servers for the final procedure of creating and 
verifying a model built on the studied protein sequence 
and the homolog pdb-framework. In this paper, we 
used the newest version of the Phyre2 package as 
the main reconstruction tool [52]. Previously, we 
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also used the MODELLER [53] package for the 
enzyme reconstruction with the known amino acid 
sequence (inulinase from Kluyveromyces marxianus) 
by a homolog with the known amino acid sequence 
and spatial structure (yeast invertase Saccharomyces 
cerevisiae). Our colleagues used the combined 
approach [54].

RESULTS AND DISCUSSION
The basis for the reconstruction of the ficin pro-

tein spatial structure was its sequence (GenBank: 
AAB41816.1), as well as the sequence and atomic 
coordinates of the close homologue – papain (PDB 
ID: 9PAP). The results of multiple alignment of these 
proteases are shown in Figure 1.

It should be noted that papain has chain fold-
ing typical for thiol proteases [26]. The polypeptide 
chain of papain contains 212 residues and has a mo-
lecular weight of 23350 Da. The essential sulfhydryl 
group places on Cys25, while the other six cysteine 
residues form three disulfide bridges. Because of its 
easy availability and its high stability, the enzyme has 
been the subject of many biochemical and biophysi-
cal studies. The three-dimensional structure of the pa-
pain molecule was one of the first protein structures 
to be determined [12, 54]. This structure revealed that 
the polypeptide chain is folded into two domains of 
roughly equal size, but completely different confor-
mation. The active site is composed of residues from 
both domains, as has been found in many enzymes. 
Subsequent studies included a proposal for the cata-
lytic mechanism for the enzyme [55]. 

relieve the possible core structure strengths of the 
protein, reconstructed this enzyme according to the 
coordinates of the high-homologous papain protein 
from Pisum sp.

A protein molecule from Ficus carica which is 
a close homologue of papain (X-ray data from oth-
er authors, 4YYU structure, Baldacci-Cresp et al, is 
available in PDB). For the other ficin that we studied, 
the original values were obtained – we reconstructed 
this protein molecule by enzyme sequence not from 
Ficus carica, but Pisum sp., while retaining the high 
homology with papain. We identified that the recon-
structed model of the enzyme has a special “pocket” 
on the surface of the globule, in which the preferred 
binding sites of large ligands are found, while small 
crosslinking agents bind without precise localization, 
being located throughout the enzyme (Figure 2). The 
procedure was previously tested by us on the inuli-
nase enzyme [53].

We note that the experimentally solved struc-
ture of ficin is available on the Protein Data Bank 
website under the 4YYU index from Ficus carica, 
added to the bank 2016-04-13 by the group of au-
thors Baldacci-Cresp F., Rodriguez Buitrago J.A., M 
'Rabet N., Loris R., Baucher M., Baeyens-Volant D., 
Azarkan M.

Fig. 1. Results of multiple alignment of ficin 
(GenBank: AAB41816.1) and papain (PDB ID: 
9PAP)

After processing the initial data, the resulting 
structure was optimized, relaxed in the AMBER96 
force field for 100 picoseconds what is necessary to 

Fig. 2. Ficin [left – is reconstruction from Pisum], 
here is the active site CYS145. Ficin 4YYU [right], 
in the active site (catalytic pocket is marked with an 
arrow) and CYS25

CONCLUSIONS
The spatial full-atom structure reconstruction 

of the Ficin enzyme industrially significant for the 
production of pharmaceutical preparations from Pisum 
sativum (GenBank: AAB41816.1) was performed. 
A methodology specification for obtaining a model 
that can be used both for scientific and educational 
purposes are shown.

The study was founded by the Ministry of Science and Higher Ed-
ucation of the Russian Federation in the framework of the government 
order to higher education institutions in the sphere of scientific research, 
project № FZGU-2023-0009

Kondratyev M. S., Koroleva V. A., Holyavka M. G., Artyukhov V. G.



ВЕСТНИК ВГУ, СЕРИЯ: ХИМИЯ. БИОЛОГИЯ. ФАРМАЦИЯ, 2023, № 1 31

The spatial structure of ficin

СПИСОК ЛИТЕРАТУРЫ/
REFERENCES

1. Feijoo-Siota L., Villa T.G., Food Bioprocess 
Technol., 2011, Vol. 4, pp.1066-1088. DOI: 10.1007/
s11947-010-0431-4.

2. Jones B.L., Journal of Cereal Science 2005, 
Vol. 42, No 2, pp. 139-156. DOI: 10.1016/j.
jcs.2005.03.007.

3. Arshad Z.I.M., Amid A., Yusof F., Jaswir I., 
Ahmad K., Loke S.P.,  Appl Microbiol Biotechnol., 
2014, Vol. 98, pp. 7283-7297. https://doi.org/10.1007/
s00253-014-5889-y.

4. Naveena B.M., Mendiratta S.K., Anjaneyulu 
A.S.R., Meat Sci-ence, 2004, Vol. 68, No 3, pp. 363-
369. DOI: 10.1016/j.meatsci.2004.04.004. 

5. Aspmo S.I., Horn S.J., Eijsink V.G.H., Process 
Biochemistry, Vol. 40, No 5, pp. 1957-1966. DOI: 
10.1016/j.procbio.2004.07.011.

6. Sekizaki H., Toyota E., Fuchise T., Zhou S., 
Noguchi Y., Horita K., Amino Acids, 2008, Vol. 34, 
No 1, pp. 149-153, DOI: 10.1007/s00726-006-0489-5. 

7. Narai-Kanayama A., Koshino H., Aso K., 
Biochimica et Bio-physica Acta, 2008, Vol. 1780, No 
6, pp. 881-891. DOI: 10.1016/j.bbagen.2008.03.009.

8. Sangeetha K., Abraham T.E., Journal 
of Molecular Catalysis B: Enzymatic, 2006, 
Vol. 38, No 3-6, pp. 171-177. DOI: 10.1016/j.
molcatb.2006.01.003.

9. Behnke J.M., Buttle D.J., Stepek G., Lowe A., 
Duce I.R., Para-sites & Vectors, 2008, Vol. 1, p. 29. 
DOI: 10.1186/1756-3305-1-29. 

10. Amini A., Masoumi-Moghaddam S., Morris 
D.L., Utility of bromelain and N-acetylcysteine 
in treatment of peritoneal dissemination of 
gastrointestinal mucin-producing malignancies, 
Switzerland, Springer, 2016. DOI: 10.1007/978-3-
319-28570-2.

11. Rawlings N.D., Barrett A.J., Bateman 
A., Nucleic Acids Re-search, 2010, Vol. 38, pp. 
D227-D233. DOI: 10.1093/nar/gkp971.

12. Drenth J., Jansonius J.N., Koekoek R., Swen 
H.M., Wolthers B.G., Nature, 1968, Vol. 218, pp. 
929-932. DOI: 10.1038/218929a0. 

13. Ménard R., Plouffe C., Laflamme P., Vernet T., 
Tessier D.C., Thomas D.Y., Storer A.C., Biochemistry, 
1995, Vol. 34, pp. 464-471.

14. Harrison M.J., Burton N.A., Hillier I.H., J. 
Am. Chem. Soc., 1997, Vol. 119, pp. 12285-12291. 
DOI: 10.1021/ja9711472. 

15. Theodorou L.G., Bieth J.G., Papamichael 
E.M., Bioresource Technology, 2007, Vol. 98, No 10, 
pp. 1931-1939. DOI: 10.1016/j.biortech.2006.07.037.

16. Dubey V.K., Pande M., Singh B.K., 
Jagannadham M.V., Afr. J. Biotechnol., 2007, Vol. 6, 
No 9, pp. 1077-1086.

17. Martínez D.E., Bartoli C.G., Grbic V., Guiamet 
J.J., Journal of Experimental Botany, 2007, Vol. 58, 
No 5, pp. 1099-1107. DOI: 10.1093/jxb/erl270.

18. van der Hoorn R.A., Jones J.D., Current 
Opinion in Plant Biology, 2004, Vol. 7, No 4, pp. 
400–407. DOI: 10.1016/j.pbi.2004.04.003. 

19. Beers E.P., Jones A.M., Dickerman A.W., 
Phytochemistry, 2004, Vol. 65, No 1, pp. 43-58. DOI: 
10.1016/j.phytochem.2003.09.005. 

20. Englund P.T., King T.P., Craig L.C., Walti 
A., Biochemistry, 1968, Vol. 7, pp. 163-175. DOI: 
10.1021/bi00841a021. 

21. Sgarbieri V.C., Gupte S.M., Kramer D.E., 
Whitaker J.R., J. Biol. Chem., 1964 Vol. 239, pp. 
2170-2177.

22. Jones I.K., Glazer A.N., J. Biol. Chem., 1970, 
Vol. 245, pp. 2765-2772.

23. Zare H., Moosavi-Movahedi A.A., Salami 
M., Mirzaei M., Sab-oury A.A., Sheibani N., 
Phytochemistry, 2013, Vol. 87, pp. 16-22. DOI: 
10.1016/j.phytochem.2012.12.006. 

24. Devaraj K.B., Kumar P.R., Prakash V., J. 
Agric. Food Chem., 2008, Vol. 56, pp.11417-11423. 
DOI: 10.1021/jf802205a. 

25. Azarkan M., Matagne A., Wattiez R., 
Bolle L., Vandenameele J., Baeyens-Volant D., 
Phytochemistry, 2011, Vol. 72, pp. 1718-1731. DOI: 
10.1016/j.phytochem.2011.05.009. 

26. Kamphuis I.G., Kalk K.H., Swarte M.B., 
Drenth J., J. Mol. Biol., 1984, Vol. 179, pp. 233-256. 
DOI: 10.1016/0022-2836(84)90467-4. 

27. Pickersgill R.W., Rizkallah P., Harris G.W., 
Goodenough P.W., Acta Cryst., 1191, Vol. B47, pp. 
766-771. DOI: 10.1107/S0108768191003191. 

28. Maes D., Bouckaert J., Poortmans F., Wyns 
L., Looze Y., Bio-chemistry, 1996, Vol. 35, pp. 16292-
16298. DOI: 10.1021/bi961491w. 

29. Siar E.-H., Arana-Peña S., Barbosa O., Zidoune 
M.N., Fernandez-Lafuente R., Catalysts, 2018, Vol. 
8, No 4, p. 149. DOI: 10.3390/catal8040149. 

30. Baidamshina D.R., Trizna E.Y., Holyavka 
M.G., Bogachev M.I., Artyukhov V.G., Akhatova 
F.S., Rozhina E.V., Fakhrullin R.F., Kayumov A.R., 
Scientific Reports, 2017, Vol. 7, p. 46068. DOI: 
10.1038/srep46068. 

31. Dodson E.J., Nature, 2007, Vol. 450, pp. 176-
177. https://doi.org/10.1038/nature05990. 

32. Zagrovic B., Snow C.D., Shirts M.R., Pande 
V.S., J. Mol. Biol., 2002, Vol. 323, pp. 927-937. DOI: 



ВЕСТНИК ВГУ, СЕРИЯ: ХИМИЯ. БИОЛОГИЯ. ФАРМАЦИЯ, 2023, № 132

10.1016/S0022-2836(02)00997-X. 
33. Lane T.J., Bowman G., McGibbon R., 

Schwantes C., Pande V., Borden B. (September 10, 
2012). "Folding@home Simulation FAQ". Folding@
home. Stanford University. Archived from the original 
on September 21, 2012. Retrieved July 8, 2013.

34. Bowman G.R., Pande V.S., PLoS ONE, 2009, 
Vol. 4, p. e5840. DOI: 10.1371/journal.pone.0005840. 

35. Chou P.Y., Fasman G.D., Biochemistry, 1974, 
vol. 13, pp. 222-245. DOI: 10.1021/bi00699a002. 

36. Chou P.Y., Fasman G.D., Biochemistry, 1974, 
Vol. 13, pp. 211-222. DOI: 10.1021/bi00699a001. 

37. BioGem tools. http://www.biogem.org/tool/
chou-fasman/, 2013.

38. Meiler Lab, Computational Chemical and 
Structural Biology. http://meilerlab.org/index.php/
servers, 2016. 

39. Jones D.T., J. Mol. Biol., 1999, Vol. 292, pp. 
195-202. DOI: 10.1006/jmbi.1999.3091. 

40. Protein Similarity Search. FASTA. http://
www.ebi.ac.uk/Tools/sss/fasta/.

41. RCSB PDB. http://www.rcsb.org/pdb/. 
42. Lesk A.M., Chothia C., Philos. Trans. R. Soc. 

Lond. Boil. Sci., 1986, Vol. 317, pp. 345-356. 
43. Hillisch A., Pineda L.F., Hilgenfeld R., DDT, 

2004, Vol. 15, pp. 659-669. DOi: 10.1016/S1359-
6446(04)03196-4. 

44. Ginalski K., Current Opinion in Structural 
Biology, 2006, Vol. 16, pp. 172-177. DOI: 10.1016/j.
sbi.2006.02.003. 

45. Altschul S.F., Gish W., Miller W., Myers 
E.W., Lipman D.J., J. Mol. Biol., 1990, Vol. 215, pp. 
403-410. DOI: 10.1016/S0022-2836(05)80360-2. 

46. Larkin M.A., Blackshields G., Brown N.P., 
Chenna R., McGet-tigan P.A., McWilliam H., Valentin 

F., Wallace I.M., Wilm A., Lopez R., Thompson J.D., 
Gibson T.J., Higgins D.G., Bioinformatics, 2007, Vol. 
23, pp. 2947-2948. DOI: 10.1093/bioinformatics/
btm404. 

47. Okonechnikov K., Golosova O., Fursov M., 
Bioinformatics, 2012, Vol. 28, pp. 1166-1167. DOI: 
10.1093/bioinformatics/bts091.

48. Sanchez R., Sali A., Proteins, 1997, Vol. 1, 
pp. 50-58. 

49. Sanchez R., Sali A., Methods Mol. Biol., 
2000, Vol. 143, pp. 97-129. DOI: 10.1385/1-59259-
368-2:97. 

50. SYBYL 6.7.1, Tripos Inc., 1699 South Hanley 
Rd., St. Louis, Missouri, 63144, USA. http://www.
tripos.com. 

51. Quanta, Accelrys (subsidiary' of Pharmacopeia 
Inc.). http://www.accelrys.com/quanta/. 

52. Kelley L.A., Mezulis S., Yates C.M., Wass 
M.N., Sternberg M.J.E., Nature Protocols, 2015, Vol. 
10, pp. 845-858. DOI: 10.1038/nprot.2015.053. 

53. Abdullatypov A.V., Kondratyev M.S., 
Holyavka M.G., Artyu-khov V.G., Biophysics, 
2016, Vol. 61, pp. 565-571. DOI: 10.1134/
s0006350916040023. 

54. Abdullatypov A.V., Tsygankov A.A., 
Photosynth. Res., 2015, Vol. 125, pp. 341-53. DOI: 
10.1007/s11120-014-0071-z. 

55. Drenth J., Jansonius J.N., Koekoek R., 
Wolthers B.G., Advances in Protein Chemistry, 
1971, Vol. 25, pp. 79-115. DOI: 10.1016/S0065-
3233(08)60279-X. 

56. Drenth J., Kalk K.H., Swen H.M., 
Biochemistry, 1976, Vol. 15, pp. 3731-3738. DOI: 
10.1021/bi00662a014.

Институт биофизики клетки Российской 
академии наук 

Кондратьев М. С., к.ф.-м.н., заведующий ла-
бораторией структуры и динамики биомолеку-
лярных систем; старший научный сотрудник ка-
федры биофизики и биотехнологии, Воронежский 
государственный университет

E-mail: ma-ko@bk.ru

Воронежский государственный университет 
Королева В. А. младший научный сотрудник 

кафедры биофизики и биотехнологии; ассистент 
кафедры биологии, Воронежский государствен-
ный медицинский университет им. Н.Н. Бурденко

E-mail: koroleva_victoria@bk.ru

Institute of Cell Biophysics of the Russian 
Academy of Sciences 

Kondratiev M. S., PhD, Head of the Laboratory 
of Structure and Dynamics of Biomolecular Systems; 
Senior Researcher, Biophysics and Biotechnology 
Department, Voronezh State University

E-mail: ma-ko@bk.ru

Voronezh State University 
Koroleva V. A., junior researcher, Biophysics and 

Biotechnology Department; assistant of Department 
of Biology, Voronezh State Medical University 
N.N. Burdenko

E-mail: koroleva_victoria@bk.ru

Kondratyev M. S., Koroleva V. A., Holyavka M. G., Artyukhov V. G.



ВЕСТНИК ВГУ, СЕРИЯ: ХИМИЯ. БИОЛОГИЯ. ФАРМАЦИЯ, 2023, № 1 33

The spatial structure of ficin

Холявка М. Г. доктор биологических наук, про-
фессор кафедры биофизики и биотехнологии; 
профессор кафедры «Физика», Севастопольский 
государственный университет

E-mail: holyavka@rambler.ru

Артюхов В. Г., доктор биологических наук,  
профессор, зав. кафедрой биофизики и биотехно-
логии

E-mail: artyukhov@bio.vsu.ru

Holyavka M. G., DSci., Professor of Biophysics 
and Biotechnology Department; professor of Physics 
Department, Sevastopol State University

E-mail: holyavka@rambler.ru

Artyukhov V. G., DSci., Full Professor,   Head of 
Biophysics and Biotechnology Department

E-mail: artyukhov@bio.vsu.ru

ПРОСТРАНСТВЕННАЯ СТРУКТУРА ФИЦИНА: 
ТЕОРИЯ VS. ЭКСПЕРИМЕНТ

М. С. Кондратьев1,2, В. А. Королева1,3, М. Г. Холявка1,4, В. Г. Артюхов1

1 Воронежский государственный университет 
2 Институт биофизики клетки РАН

3 Воронежский государственный медицинский университет им. Н.Н. Бурденко
4 Севастопольский государственный университет

Аннотация. Фицин активно используется в пищевой промышленности – пивоварении, хлебопе-
карном деле, при изготовлении мясных и рыбных продуктов, обладает потенциальными свойствами 
для эффективного применения в медицине и фармакологии, поэтому необходимо более глубокое 
изучение структуры молекулы фермента. Знания о пространственной структуре энзима позволяют 
понять и предсказать поведение биокатализатора в различных технологических процессах.

Методами высокопроизводительного компьютерного моделирования выполнена реконструк-
ция пространственной структуры растительной протеазы фицина (КФ 3.4.22.3) из Pisum sativum 
(GenBank: AAB41816.1). В качестве модели близкого по структуре гомологичного белка, по которо-
му была осуществлена реконструкция, была использована структура молекулы папаина из Carica 
papaya (PDB ID: 9PAP). Реконструированная модель фермента была сравнена с депонированной 
структурой фицина (PDB ID: 4YYU). 

Поиск гомологов фицина (КФ 3.4.22.3) из Pisum sativum (GenBank: AAB41816.1) производился с 
помощью серверов FASTA и PSI-BLAST в базе структур белков PDB. Множественное выравнивание 
проводилось с помощью сервера CLUSTALW. Расчеты и визуализацию выравнивания выполняли в 
биоинформатическом пакете UGENE 1.25. После обработки исходных данных полученная струк-
тура была оптимизирована, отрелаксирована в силовом поле AMBER96 в течение 100 пикосекунд. 

Детально приведен протокол методики получения модели, которая может быть использована как 
в научных, так и в образовательных целях.

Ключевые слова: фицин, реконструкция, гомология, банк белковых структур


