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Abstract :The trigger to the studies of L-lysine-a -oxidase is of great interest for the scientists across the world. Regarding  
Russian Federation, the enzyme is under examination by several laboratories. Attracted by the polyfunctionality of the enzyme, 
the likelihood of utilizing this substance in the creation of multiple dosage forms of different therapeutic orientation. Thus, the 
main aim of the study is to analyze the new characteristics of L-lysine-a -oxidase as a  new antitumor and antiviral drug substance 
synthesized by Trichoderma. To meet the study’s aim, a biological experiments were carried out on guinea pigs weighing 200-250 
g and CBA mice (CBA x C57BI) weighing 18-20 g, C57 Bl, SHR.Native L-lysine-a -oxidase was injected into C57BI mice five times 
intravenously at a dose of 35 U/kg. Blood was sampled every week for four weeks from the beginning of immunization (n=7), and 
the obtained sera of mice were analyzed by enzyme-linked immunosorbent assay according to a previously developed method. 
The sera were titrated in increments of 2. Tests of L-lysine-a -oxidase in mice and guinea pigs found low immunogenicity of L-
lysine-a -oxidase when administered in mice at a dose of 35 U/kg, or 0.8 ml of protein/kg.  Based on the results obtained, antibodies 
not only reduce its catalytic activity but also affect the affinity of the enzyme with the substrate. Experiments on guinea pigs have 
shown that native and modified L-lysine-a -oxidase at a dose of 35 U/kg in vivo and in vitro has a low allergenic activity. The 
allergenic activity of L-lysine-a -oxidase was investigated in comparison with other drugs. The results od this article, can be 
considered as one of a brand-new and effective methods for assessing the body sensitization caused by the use of enzymes and 
can contribute to the development of the respective field. 
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1. INTRODUCTION 
 
In the prevailing era, the trigger to the studies of L-lysine-α -
oxidase is highly important subject for the scientists 
throughout the World.  L-lysine α -oxidase (LO), which is 
deemed one of L-amino acid oxidases, defines L-lysine with 
the yield of H2O2, ammonia, and α -keto-ε -amino 
caproate1,2. Multiple in vitro and in vivo research have 
antimetastatic, cytotoxic, antitumor, and antitumor activity of 
LO. Contrary to asparaginase, LO holds a dual-action 
mechanism: depletion of L-lysine and build of H2O2, both 
targeting tumor expansion. Superior outcomes have been 
acquired on murine and human tumor models, such as human 
colon cancer xenografts HCT 116, LS174T, and T47D with 
maximum T/C 12, 37, and 36%, in turn3,4. The information 
acquired from human cancer xenografts in immunodeficient 
mice confirms the possibility of LO as an agent for colon 
cancer therapy5-8. The trigger to the studies of L-lysine-α -
oxidase were the works by Japanese scientists, who showed 
its promise1-4. Now in the Russian Federation, the enzyme is 
being studied by many laboratories. Attracted by the 
polyfunctionality of the enzyme, the possibility of using this 
substance in the creation of several dosage forms of different 
therapeutic orientation 5-10. However, as studies have shown, 
the enzyme can act as a strong inhibitor of especially 
dangerous plant diseases 11-13. Plant objects may be considered 
as models for the study of this enzyme14.  This paper is a 
continuation of studies related to the study of new properties 
of L-lysine-α -oxidase, an enzyme with antiviral and antitumor 
effect. The objective is to conduct in-depth studies of a new 
antiviral and antitumor drug substance, L-lysine-α -oxidase, 
synthetized by Trichoderma.  The results of this study, can be 
deemed as one of a brand-new and efficient approaches to 
evaluate the body sensitization caused by the use of enzymes. 
 
2. MATERIALS AND METHODS 
 
Biological experiments13,14 were carried out on guinea pigs 
weighing 200-250 g and CBA mice (CBA x C57BI) weighing 
18-20 g, C57 Bl, SHR.The study of the immunogenic 
properties of L-lysine-α -oxidase was carried out as follows. 
Native L-lysine-α -oxidase was injected into C57BI mice five 

times intravenously at a dose of 35 U/kg. Blood was sampled 
every week for four weeks from the beginning of 
immunization (n=7), and the obtained sera of mice were 
analyzed by enzyme-linked immunosorbent assay according to 
a previously developed method. The sera were titrated in 
increments of 2. 

 

2.1 Study of the antigenic spectrum of L-lysine-α-
oxidase.  

 

Hyperimmune rabbit sera9,10 were used to assess the antigenic 
spectrum of the enzyme. The antigenic composition of the 
specimens was studied according to the data of 
immunoelectrophoresis (Grabar, Williams’s method) at 1=50 
mA, t=1 h in Veronal buffer (pH=8.6), with an ionic strength 
of 0.05 in 1% agarose gel. The test batches of L-lysine-α -
oxidase were insufficiently immunologically homogeneous 
specimens that contained two protein components. The 
values of electrophoretic mobility were as follows: for the first 
component - 5.6±0.24х 10-4 in -1 cm2 s-1, for the second 
component - 7.0±0.22x10-4 in -1 cm2 s-1. 

 

2.2 Study of the allergenic activity of L-lysine-α-
oxidase in vivo and in vitro 

 

Anaphylactogenic properties of the enzyme were studied in 
guinea pigs in vivo, according to the data of active anaphylaxis. 

 

2.3 Evaluation of the allergenic action of the enzymes 

 

Active systemic anaphylaxis. The study of the allergenic activity 
of the native and modified L-lysine-α -oxidase of various 
batches2,3 was carried out in guinea pigs. Animals were 
immunized intracardiacally once at a dose of 35 U/kg 
(estimated therapeutic dose). After 21 days, an anaphylaxis-
provoking dose of 35 U/kg was administered. The 
experimental and control groups consisted of 8-10 animals 
each. The intensity of the anaphylactic reaction was assessed 
on a four-point scale. The experimental data were processed 
by calculating the anaphylactic index (AI) according to the 
following formula:

 

 

 

AI= (aх 4) + (bx3) + (cх 2) + (dх 1) + (eх 0), 
a+b+c+d+e 

 

where a is the number of animals who died (shock by 4+); 
b is the number of animals with severe shock (3+); 
c is the number of animals with moderate shock (2+); 
d is the number of animals with mild shock (1+); 
e is the number of shockless animals. 

 
2.4 Study of Active Cutaneous Anaphylaxis 
 
Active cutaneous anaphylaxis12,13 was studied in guinea pigs, 
which were sensitized with a native and modified enzyme at a 
single dose of 35U/kg intracardiacally. Skin tests were 
performed by the method of allergometric testing on the 21st 
day, using the following enzyme concentrations: 100.0; 50.0; 
and 10.0 μ gb/ml. Active cutaneous anaphylaxis was 
performed in compliance with a laboratory-approved 

technique using a 0.5% Evans blue solution, which was 
administered intravenously before intradermal injections of 
the drugs. The test was considered positive if the reaction 
zone had dimensions of at least 5x5 mm, and the color 
intensity was not lower than 2+. The brightness of the color 
of the skin was determined on the basis of a three-plus scale. 
The results of skin tests were expressed in the form of two 
indicators: positive reaction index (PRI) and reaction intensity 
index (RII). PRI was calculated by the formula:
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PRI = a/b-c/d/х  100, 
 

 

where a is the number of animals with positive reactions in the experimental group; 
b is the total number of animals in the experimental group; 
c is the number of animals with positive reactions in the control group; 
d is the total number of animals in the control group. 
Each group consisted of at least five animals. 
RII was calculated as follows: 

 
RII = a/b – c/d x 100,    (1) 

       5  

 

where a is the total intensity (in points) of the reaction in the experimental group; 
b is the total number of animals in the experimental group; 
c is the total intensity of the reaction in the control group, point; 
d is the total number of animals in the control group. 

 
3. STATISTICAL ANALYSIS 
 
In order to analyze the statistical results, Statistica for 
Windows Version 10.0 (Stat Soft inc., USA) is taken into 
consideration7,11. Parameters are presented in the form M±m, 
where M is the Mean, m is standard deviation. In the analysis 
of categorical group data, the criterion Pearson χ 2 with Yates 
correction was utilized4-8. Probability value (P) less than 0.05 
was considered statistically significant.  
 

4. RESULTS AND DISCUSSION 
 
The experimental results of the study of the immunogenic 
properties of L-lysine-α -oxidase are presented in Table 1. It 
was found that the dynamics of the humoral immune response 
to the enzyme did not differ from the characteristics of 
antibody production in response to the introduction of protein 
antigens. The maximum content of antibodies was observed in 
animals on the 7-14th day of the experiment. In subsequent 
periods, mice showed a decrease in antibody titers.

 

Table 1. Immunogenic properties of L-lysine-α -oxidase 

Mice 
line 

Test day Antiserum titer 

 
C57BI 

7th 1/64 

14th 1/16-32 

21st 1/8 

 

Table 2. Anaphylactogenic activity of various batches of native and modified L-lysine-α -oxidase 

Drug batch 
Number of guinea pigs  

per group 

Anaphylactic index / 
AI 

М±т  
Р * 

Sensitizing doze 

U/kg 
μ g 

protein/kg 

1. L-lysine-α -oxidase / native / 8 0.8±0.3/4-1/ >0.05 35 0.77 

2. L-lysine-α -oxidase / native / 10 1.2±0.2 /1-2/ >0.05 35 0.35 

3. L-lysine-α -oxidase / native / 9 1.0±0.3/1-3/ >0.05 35 0.41 

4. L-lysine-α -oxidase / native / 8 1.3±0.2 /1-4/ >0.05 35 0.35 

5. L-lysine-α -oxidase / modified / 9 1.0±0.3/1-5/ >0.05 35 1.09 

 
Notes:1. P* - the level of significance in comparison with the various groups indicated in brackets. 

 
2. For sensitization, the drug was administered at a single 
therapeutic dose of 35 U/kg, intracardiacally. Permissive 
injection was performed 21 days later at the same dose, 
intravenously. The enzyme-linked immunosorbent assay 
(ELISA) showed very low titers, which indicates the low 
immunogenicity of the drug in the tested dose of 35 U/kg, or 
0.8 mg protein/kg. These results can be compared with the 
studied immunogenicity of the E. coli L-asparagnase antitumor 
drug, approved by the Pharmaceutical Committee for clinical 
use. Five-fold administration of L-asparagnase at a dose of 300 
U/kg, which corresponds to 2.0 mg/kg, leads to an increase in 
the antibody titer to 1/256, significantly exceeding the titers to 
L-lysine-α -oxidase (1/64)10-14. Thus, the intensity of the 
immune response to L-lysine-α -oxidase does not exceed or 
even is somewhat lower than other enzyme drugs approved 
for use. 

 

4.1 Study of the antigenic spectrum of L-lysine-α-
oxidase 

 

Results of the study of the effect of normal and immune blood sera 
on the activity of L-lysine-a-oxidase. At the first stage of the work, 
the relationship of the reaction rate on the substrate 
concentration was tudied according to the proposed earlier 
method [3]. Various concentrations of the L-lysine and enzyme 
substrate were studied in the range of 21.38 х  10-4 up to 10-

3М  and 2.3 х  10-3 up to 13.85 х  10-3 U/ml, respectively. The 
reaction rate was calculated from the peak of the increase in 
optical density at 450 nm per unit time/OU/min/. The 
transformation in the Lineweaver-Burk coordinates made it 
possible to identify a regular increase in the maximum reaction 
rate with an increase in the amount of the introduced enzyme 
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in the selected range of enzyme concentrations. Km, 
determined by the graphical method, is 4.76 x 10-4 (Fig. 1). 
When studying the effect of humoral factors on the enzyme, 
blood serum of normal and immune animals was used. The 
amount of blood serum added to the reaction mixture ranged 

from 0.675 to 6 μ l. Special experiments found that normal 
rabbit serum added to the enzyme solution in the indicated 
amounts practically does not affect the activity of L-lysine-a-
oxidase8-11 (Fig. 2).

 
 

 

 
1 – enzyme concentration 3.45×10-3U/ml; 2 – enzyme concentration 2.3×10-3 U/ml; X axis – 

𝟏𝐒×103; Y axis – 
𝟏𝐕×102. 

 

Fig. 1:Lineuyver-Burke graph 

 

 

 
1 – 5 μl; 2 – 2.5 μl; 3 – no serum was added. X axis – 

𝟏𝐒 ×103; Y axis – 
𝟏𝐕×102. 

 

Fig. 2: The effect of immune sera on the activity of L-lysine-α -oxidase 
 
At the same time, immune sera had a suppressive effect on the 
enzyme activity which increased together with their content in 
the reaction medium. L-lysine-α -oxidase activity was noted in 
those cases when the immune sera were added immediately 
before the measurement of the activity. If the enzyme was 
preincubated with antibodies, the inhibitory effect 
increased14,15. This was observed with contact duration of less 
than one hour. In subsequent periods, up to two hours, the 
enzyme activity did not change. Therefore, most experiments 
were carried out with an incubation time of 60 min. Under 
these conditions, depending on the amount of added serum, a 

decrease in the maximum reaction rate by 50-60% was 
observed. As follows from the data presented below, 
antibodies not only reduce the catalytic activity of L-lysine-α -
oxidase but also affect the affinity of the enzyme with the 
substrate. Since polyclonal antibodies were used in this work, 
these effects can be associated with different populations of 
antibodies3,11. 
 
4.2 Study of the allergenic activity of L-lysine-α-oxidase 

in vivo and in vitro in guinea pigs 
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As Table 2 shows, a single intracardiac injection of the enzyme 
at an assumed therapeutic dose of 35 U/kg caused a weak 
sensitization of the animals' organism. In no case were severe 
fatal reactions reported. A weak transient allergic reaction, 
noted in some experimental animals, indicates a low sensitizing 
activity of the native enzyme. Minor differences in the 
manifestation of allergic reactions in groups with different 
batches of the enzyme may be associated with the peculiarities 
of the component composition of the drugs. No significant 
differences were found between the groups. The study of the 
allergenic activity of the modified enzyme also did not reveal 
any noticeable allergic reactions, despite the fact that the 
protein sensitizing dose of the modified enzyme was slightly 
higher than that of the native drug (Table 2).Studies of the 
allergenic activity of the native and modified enzyme in cross-

reactions, when sensitized with the modified enzyme (the 
anaphylaxis-provoking dose was administered with the native 
enzyme) did not reported sensitization of animals2,3,16. The 
anaphylactic index was 1.0±0.3. Based on the studies4,6,17, we 
can conclude that L-lysine-α -oxidase, both native and 
modified, has a low allergenic activity when administered 
parenterally at a dose of not more than 35 U/kg, and in some 
cases even weaker than other enzyme drugs approved for use 
(Solizymum, Somilaza, Terridecase, Streptodecase, etc.). 
 
4.3 Skin sensitizing activity 
 
The results of the study of the allergenic activity of L-lysine-α -
oxidase according to the data of skin tests are shown in Table 
3.

 
 

Table 3. Evaluation of allergenic activity according to skin test data 

Drug batch Concentration of test allergen solution, μ gb/ml 
Positive 
reaction 

index 

Reaction 
intensity 

index 
Р * 

L-lysine-α -oxidase 
/ native / 

100 20 8 >0.05 

50 20 4 >0.05 

10 10 0 >0.05 

L-lysine-α -oxidase 
/ modified / 

100 20 4 >0.05 

50 20 12 >0.05 

10 20 12 >0.05 
 

Note:P* - the level of significance in comparison with the corresponding control. 

 

Table 4. Allergenic activity of L-lysine-α -oxidase and other enzymes 

Drug 
Route of administration of 

the sensitizing dose 

Route of 
administration 

of the 
anaphylaxis-
provoking 

dose 

Anaphylactic 
index 

L-lysine-α-oxidase Intracardiac single dose Intravenous 1.3±0.2 

Solizymum Orally multiple dose Intravenous 1.2±0.3 

A-amylase Orally multiple dose Intravenous 1.2±0.2 

Terrilytin Pulmonary multiple dose Intravenous 1.2±0.3 

 
As Table 3 shows, both native and modified enzymes cause 
reactions estimated by the positive reaction index (RI) from 0 
to 20. There were practically no differences in the studied 
parameters between the control and experimental animals. 
Positive reactions to large doses of test allergens were 
observed in groups of intact animals that did not receive the 
enzyme. Such reactions are due to the nonspecific action of 
the enzyme at the injection site2,17. Equally slight reactions 
estimated by the positive reaction index / PRI / were noted in 
animals sensitized with both the native and modified 
enzyme14,15. However, the introduction of the modified 
enzyme with a small dose of the test allergen - 10.0 μ g 
protein/ml caused a slightly stronger reaction. The intensity of 
skin reactions (RII) in animals that received the native and 
modified enzyme in the tested concentration range of the test 
allergen was rather weak but the indicator for the modified 
drug was slightly higher than for the native one when using 
doses of 50 and 10.0 μ g protein/ml9-11. ×× 
 
5. CONCLUSION 
 
Summarizing the results, we can conclude about the weak 
skin-sensitizing activity of the enzymes. There were no 

statistically significant differences between the native modified 
enzyme. The results obtained, apparently, can be considered 
as one of the methods for assessing the body sensitization 
caused by the use of enzymes. Thus, the results of the study 
of the anaphylactic activity of L-lysine-α -oxidase at a dose of 
35 U/kg in vivo and in vitro indicate a low allergenic potential 
of the enzyme. The results of a comparison of the allergenic 
activity of L-lysine-α -oxidase with some other enzyme drugs 
approved by the Pharmaceutical Committee are presented in 
Table 4. L-lysine-α -oxidase at a dose of 35 U/kg, or 0.8 ml of 
protein/kg, tested in mice, has low immunogenicity. Antibodies 
not only reduce the catalytic activity of L-lysine-α -oxidase but 
also affect the affinity of the enzyme with the substrate. L-
lysine-α -oxidase, both native and modified, at a dose of 35 
U/kg has a low allergenic effect on guinea pigs both in vivo and 
in vitro. This present study, can be utilized as one of a new and 
extremely effective methods for assessing the body 
sensitization resulted from the utilization of enzymes and can 
be of great assistance in the development of the respective 
field. 
 
6. AUTHORS CONTRIBUTION 

 



 

ijlpr2022;doi10.22376/ijpbs/lpr.2022.12.6.SP23.L15-20 

 

 

SP23.L-20 

A.N.S., and I.G.B. verified the analytical methods. I.P.S., and 
V.I.K, supervised the findings of this work.  I.P.S., V.I.K, I.V.P., 
T.I.M., A.N.S., and I.G.B. carried out the experiment. All 
authors discussed the results and contributed to the final 
manuscript. 

 
7. CONFLICT OF INTEREST  

 

Conflict of interest declared none.

 

 

8. REFERENCES 
 

1. Kusakabe H., Kodama K., Machida H., Midorikawa J., 
Kuninaka A., Misono H., Yoshino H. and Soda K. – 
Occuerence of a nowel enzyme, L- lysine-α-oxydase 
with antitumor activity in cultural extract of 
Trichoderma viride. Agr. Biol. Chem, 1979; 43(2): 
976- 981.  

2. Kusakabe H., Kodama K., Kuninaka A., Yoshino H. 

and Soda K. – Effect of   L- lysine-α-oxydase on youth 
of mouse lencemic cells. Agr. Biol. Chem, 1980; 44: 
387-393. 

3. Kusakabe H., Kodama K., Kuninaka A., Yoshino H., 
Misono H., Soda K.A new antitumor enzyme L- 
lysine-α-oxydase from Trichoderma viride.J. Bio. 
Chem, 1980: 255(3): 976-981.  

4. Kusakabe H., Kodama K., Kuninaka A., Yoshino H. 
and Soda K.Extracellular production of L- lysine-α-
oxydase in wheat bran culture of a  strain of 
Trichoderma viride. Agr. Biol. Chem, 1979:43(12): 
2531-2535. 

5. Smirnova I.P., Shkinev V.M., Rudnev A.V., Schneider 
Iu.A., Kuzovnikov A.E. L-lysine-α-oxidase isolation 
and purification technologies. Journal of 
Biotechnology, 2010;6: 47-54. 

6. Smirnova I.P., Shkinev V.M., Rudnev A.V., Kuznetsova 
O.M., Karimova, E.V., Orlova V.S. Study of the effect 

of L-lysine-α-oxidase, an antitumor enzyme, 
synthesized by Trichoderma harzianum Rifai F-180 on 
the oxidation of L-lysine by capillary electrophoresis. 
Journal of Antibiotics and Chemotherapy, 2014;59(3-
4):12-16. 

7. SmirnovaI.P., Kuznetsova O.M., Ivanova-Radkevich 
V.I, Orlova V.S., Podboronov V.M., Alexeev A.A. 
Testing of an Antitumor Enzyme L-lysine-A-oxidase 
fromTrichodermaHarzianum Rifai F-180. 
WorldJournal of  Medical Sciences,2014;11(2): 233-
236,  

8. Smirnova I.P.,Kuznetsova О.M.,Botin A.S.,Siatkin 
S.P.,Kuznetsov V.I.,Myandina G.I.,Nurmuradov M.K. 
Amino oxidase activities of  antitumor enzyme 
producer from Trichoderma.Drug Invention Todey, 
2019;11(3):758-762. 

9. Smirnova I.P., Karimova E.V., ShneiderYa.A., Volina 
E.G. L-lysine-α-Oxidase:AcidovoraxcitrulliBacterium 
Inhibitor. Bulletin of Experimental Biology and 
Medicine,  Immunologiy and Microbiology, 
2018;164(4):459-461. 

10. Senyagin A.N.,Larichev V. F., Smirnova I. P., 
PodoprigoraI.V. A Novel  Express Method to 
Determine Activity of Antitumor Enzyme L-Lysine-α-
Oxidase of Trichoderma harzianum Rifai F-180. 
Bulletin of Experimental Biology and Medicine, 
2020;169(1):119-121, DOI: 10.1007/s10517-020-
04837-2,https://rdcu.be/b4Av0. 

11. Seniagin A.N., Smirnova I.P., Podoprigora I.V., 
Smoliakova L.A. Study of the antagonistic action of L-
lysine-α-oxidase on uropathogenic multidrug-
resistant ESCHERICHIA COLI. Journal of Problems 
of Medical Mycology, 2020;22(3):125. 

12. Smirnova I.P., Podoprigora I.V., Kuznetsov V.I., 
Mansur T.I., БашкироваИ.Г., Das,M.S.   Definitions of 
antibodies to the antitumor enzyme L-lysine-α-
oxidase, the study of its immunogenic properties and 
allergenic activity. RevistaLatinoamericana de 
Hipertensión. 2021;16(1): 56-63. 

13. Smirnova IP, Podoprigora IV, Kuznetsov VI, Mansur 
TI, Miandina GI, Iashina NV. New Trichoderma 
harzianum Rifai F-180-L-lysine-α-oxidase antitumor 
enzyme producer-culture liquid-based substance 
biotechnology. Syst. Rev. Pharm. 2020 Nov 
1;11(11):203-7. 

14. Pokrovsky VS, Lukashev AN, Babayeva G, Karshieva 
SS, Arinbasarova AY, Medentzev AG, Komarova MV, 
Lukasheva EV. Plasma pharmacokinetics and tissue 
distribution of L-lysine α-oxidase from Trichoderma 
cf. aureoviride RIFAI VKM F-4268D in mice. 
 J. Amino Acids. 2021 Jan;53(1):111-8. 

15. Lukasheva EV, Babayeva G, Karshieva SS, Zhdanov 
DD, Pokrovsky VS. L-Lysine α-Oxidase: Enzyme with 
Anticancer Properties. J. Pharm. 2021 Oct 
22;14(11):1070. 

16. Elkhateeb WA, Elnahas MO, Daba GM, Zohri AN. 
Biotechnology and Environmental applications of 
Trichoderma spp. J. pharmacogn. phytochem. 2021 
Aug 20;13(3):149-57. 

17. Pokrovsky VS, Treshalina HM, Lukasheva EV, 
Sedakova LA, Medentzev AG, Arinbasarova AY, 
Berezov TT. Enzymatic properties and anticancer 
activity of L-lysine α-oxidase from Trichoderma cf. 
aureoviride Rifai BKMF-4268D. Anti-cancer drugs. 
2013 Sep 1;24(8):846-51. 

 




