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For centuries microbial biotransformation has proved to be an imperative tool in alleviating the production
of various chemicals used in food, pharmaceutical, agrochemical and other industries. In the field of phar-
maceutical research and development, biotransformation studies have been extensively applied to investigate
the metabolism of compounds (leads, lead candidates, etc.) using animal models. The microbial biotransfor-
mation phenomenon is then commonly employed in comparing metabolic pathways of drugs and scaling up
the metabolites of interest discovered in these animal models for further pharmacological and toxicological
evaluation. Microorganisms can conveniently afford drugs difficult obtained via synthesis. The plethora of re-
ported microbial biotransformations along with its added benefits has already invoked further research in bio-
conversion of novel and structurally complex drugs. This review alternatively discusses the prospect of micro-
bial biotransformation studies as a significant element ameliorating drug discovery and design in terms of
cost-effectiveness, environment protection and greater structural diversity as compared to animal models
used to study metabolism. To explicate the microbial biotransformation paradigm in drug designing 3 main
areas in this aspect have been analyzed: 1 — lead expansion: obtaining pharmacologically improved metabo-
lites from bioactive molecules; 2 — biosynthesis of precursors/intermediates involved in the production of
bioactive molecules; 3 — resolution of racemic mixture to obtain enantiomers possessing different pharma-

cological profiles.
DOI: 10.7868/S0555109913050097

Biotransformations are chemical reactions cata-
lyzed by microbial cells (growing or resting) or en-
zymes isolated from microorganisms. Drug biotrans-
formation is generally considered to detoxify the drug
to form more polar metabolites which can be easily ex-
creted. However, it can also lead to the formation of
metabolites possessing greater pharmacological activ-
ity than the parent compound or, alternatively, it may
prove to be more toxic [1]. Active metabolites may
possess on-target activity (significant or entire contri-
bution in pharmacological action) or off-target activi-
ty (unrelated to the activity of the parent drug). In
some cases metabolites formed might reverse the ac-
tion of the parent drug [2].

Animal models (hepatocytes, subcellular fractions,
liver slices) have been used extensively for studying
drug metabolism but microorganisms could be used for
the production of mammalian metabolites too. Cyto-
chrome P450-dependent enzymes have been discov-
ered in a variety of yeast, bacteria and fungi possessing
the capability to mimic mammalian metabolic reac-
tions partially or completely. Mammalian biotransfor-
mation is generally categorized in the phase I and phase
II reactions [1].

Phase I reactions. This type of the reactions is
called as functionalization since they introduce a
functional group in the molecule resulting in a slight

increase in hydrophillicity and may increase its phar-
macological activity. These are further classified as:

Hydprolysis.

— Carboxylesterases, cholinesterases, organophos-
photases, e.g. hydrolysis of procaine (used as local an-
aesthetic);

— Peptidases;

— Epoxide hydrolases:

— detoxifying enzyme for epoxides (aromatic, un-
stable and reactive molecules);

— formation of diols (accessible to phase II).

Reduction (azo- and nitro-reductions)

— Enzymes of intestinal flora (especially in large
intestine);

— Cytochrome P450 (usually oxidizing enzyme),
has the capacity to reduce xenobiotics under low oxy-
gen or anaerobic conditions;

— Interactions with reducing agents (reduced
forms of glutathione, NADP).

Oxidations.

These reactions include hydroxylation, epoxida-
tion, oxidation of alcohols and aldehydes, oxidative
degradation of alkyl chains, oxidative deamination.

Phase-II reactions. This type of the reactions gen-
erally further increases the hydrophillicity of the drug
and facilitates the excretion of the drug and its metab-
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olites. They are classified on the basis of conjugation of
drug molecule or phase—I metabolite with endoge-
nous substances and include the glucuronide, sulfate,
glutathione and amino acid conjugations.

Biotransformation is crucial for estimation of spe-
cific clinical parameters of the drugs. High bioavail-
ability and clearance usually results from high metab-
olism, thus establishing the fact that metabolite studies
are an important factor in drug designing [1]. Identifi-
cation of active metabolite is necessary when a drug
exhibits unexpectedly enhanced pharmacological ac-
tivity in vivo [2]. Initially, the purpose of microbial
biotransformation was to obtain more active or less
toxic metabolites. Metabolites obtained through mi-
crobial transformation could help to correlate with
those obtained through in vivo or in vitro animal mod-
els. When drug metabolism is studied, microbial
biotransformation offers several advantages as com-
pared to mammalian metabolism:

1. Simple and cheap maintenance of microbial cul-
tures as compared to cell or tissue cultures or laborato-
ry animals.

2. Facile repetitive screening process in which dif-
ferent strains are used to metabolize the drug.

3. Novel metabolites showing off-target pharma-
cology.

4. Novel metabolites superceding the pharmaco-
logical activity of its parent molecule.

5. Less toxic novel metabolites as compared to par-
ent molecule.

6. Mild and ecologically harmless reaction condi-
tions (normal pressure, low temperature, neutral pH)
for sustainability.

7. Dependence on the nature of the biocatalyst and
substrate prediction of the metabolic reactions.

8. Convenient scaling up of the metabolite produc-
tion for pharmacological and toxicological evaluation,
isolation and structure elucidation when parallel ani-
mal metabolic studies reveal the required information
about the metabolites.

9. Generation of structural diversity in a chemical
library through introduction of functional groups at
various positions of a drug molecule thus in turn af-
fecting the structure-activity relationships.

10. Suitable alternative where it is tedious to intro-
duce a functional group by chemical methods, e.g.
11-a and or 11-B-hydroxylation of corticosteroids. It
also liberates from use of hazardous chemicals and
catalysts thus provide a relatively more safe and effi-
cient method.

11. High stereospecificity of reaction due to the
complex, three dimensional and asymmetric nature of
enzyme enabling to recognize its substrate and even
distinguish different stereochemical configurations of
the substrate molecule [3].
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12. High regiospecificity as an enzyme specifically
attacks its substrate at the position where the reaction
takes place [3].

13. Mostly mild incubation conditions.

Biotransformation undoubtedly is a phenomenon
that engulfs the solutions to major economic and fi-
nancial problems faced by pharmaceutical industries
regarding the discovery and synthesis of new mole-
cules having the desired characteristics to be launched
as an active drug in the market. Although biotransfor-
mation encompasses various fields and objectives, the
focus of this article aims at 3 main objectives: (1) lead
expansion: obtaining more active or less toxic metab-
olites from bioactive molecules; (2) biosynthesis of
precursors/intermediates involved in the production
of bioactive molecules; (3) stereochemical reactions
and resolution of racemic mixture.

LEAD EXPANSION: OBTAINING
PHARMACOLOGICALLY IMPROVED
METABOLITES FROM
BIOACTIVE MOLECULES

Biotransformations enhance the molecular diversi-
ty around active core structures after initial screening
or after selecting compounds for preclinical develop-
ment. In the initial lead expansion phase, the biotrans-
formations can be utilized as a tool for drug designing,
leading to substitutions at positions difficult to access
by synthetic approaches. These derivatives help refine
the structure-activity relationships, potentially gener-
ating new ideas of compounds to be synthesized. Also,
the biotransformations are propitiously combined
with synthesis, as in most cases reactions can be ap-
plied to related structures, thus multiplying the num-
ber of available compounds for screening.

Metabolites exhibiting significant pharmacological
activity or less toxicity as compared to parent molecule
could be expediently used as leads for drug designing.
Structural modification during lead optimization
phase of drug discovery might improve desired proper-
ties of lead candidates. Accordingly, if a metabolite
with ample pharmacological activity and less toxicity
is discovered, it might serve as a lead with an additional
benefit of advanced properties. Such approach was
used in the discovery of ezetimibe, a cholesterol ab-
sorption inhibitor [2]. In this study an active metabo-
lite (lead candidate) which was 30 times more potent
than the parent molecule was further optimized to
produce final drug candidate which was 400 times
more potent than the original lead.

Metabolites apart from possessing specific inherent
distinction in its chemical characteristics from the par-
ent drug also acquire structural similarity to the parent
molecule. Hence, these metabolites show certain phar-
macological characteristics similar to the parent mole-
cule. This is mostly observed in simple functionalization
reactions, e.g. O-demethylation, N-demethylation,
Ne 5
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hydroxylation and dehydrogenation. A minor struc-
tural modification of the metabolite may cause loss of
potency or modification of pharmacological activity
of the parent drug. For example, O-demethylation of
venlafaxine leads to an active metabolite but N-deme-
thylation results in loss of activity [2].

Several factors need to be considered during de-
signing drugs via microbial biotransformation. For in-
stance, if functionalization reaction happens at the
auxophoric (non-pharmacophoric) group that does
not obstruct binding of the parent molecule to the re-
ceptor or enzyme, or it leads to optimization of metab-
olite binding, that could be expected to retain or en-
hance the activity of the parent compound. On the
contrary, a decline in potency is to be anticipated if a
functionalization reaction results in the development
of auxophoric group that hinders with binding of the
drug to the target or a pharmacophoric group under-
goes biotransformation.

Metabolites may acquire extensive array of phar-
macological activities depending on structural resem-
blance to the parent molecule and conservation or op-
timization of bioactive conformation of the parent
molecule [2].

For further clarification and comprehension of the
concept of biotransformation regarding its pertinence
for attaining metabolites of interest from known phar-
macoactive compounds or those undergoing clinical
trials study of lead expansion phase of drug designing
is further divided into 2 categories with regard to the
origin of molecule as a natural and synthetic drugs.

Natural drugs. For thousands of years, natural
products have played a significant role all over the world
in treating and preventing human diseases. Natural
product medicines have come from diverse source ma-
terials including terrestrial plants, vertebrates, inverte-
brates and microorganisms and marine organisms [4].
These are additionally classified according to their
chemical nature as alkaloids, glycosides, flavonoids and
terpenoids.

Alkaloids are a collection of complex nitrogen-
containing organic compounds derived from a variety
of sources, including microorganisms, marine organ-
isms and plants, via complex biosynthetic pathways.
They find a broad range of pharmacological applica-
tions in various diseases (malaria, cancer, hyperten-
sion) and disorders (Parkinson’s disease) [5].

Due to rigid structural conformation of alkaloids,
their structural modification was difficult but using the
latest molecular techniques such as enzyme expression
has eliminated the limits of metabolite designing of al-
kaloids [5].

El Sayed et al. [6] investigated the transformation
of veratramine which is an alkaloid possessing anti-
hypertensive and serotonin agonist activity. Out of 25
species that were screened, Nocardia species ATCC
21145 metabolized veratramine completely into 3
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new metabolites which were subsequently tested for
antimalarial activity [7].

Orabi et al. [7] have reported the biotransformation
of benzosampangine (a), a semisynthetic derivative of
sampangine, which possess antimycobacterial activity
(Fig. 1). Cunninghamella blakesleeana ATCC 8688a
was shown to convert the compound to 3-glucopyra-
nose conjugate (b).

Papaveraldine, a minor benzylisoquinoline alka-
loid isolated from Papaver somniferum, was effectively
biotransformed to S-papaverinol and S-papaverinol
N-oxide by undergoing stereoselective reduction at
the ketone group (Fig. 2). Papaveraldine shows anti-
spasmodic effect and protection against histamine-in-
duced bronchospasm. S-papaverinol did not exhibit
any significant antimicrobial (against Candida albi-
cans, Staphyllococcus aureus and Pseudomonas aerug-
inosa), antiviral (against herpes simplex type 1) or an-
timalarial (against Plasmodium falciparium D6 and W2
clones) activities [8]. These microbial biotransforma-
tion results of papaveraldine correlated with the previ-
ous plant cell transformation studies on papaverine
and isopapaverine [9—12].

Herath et al. [13] studied transformation of Har-
man alkaloids harmaline, harmalol and harman. Har-
maline is a potent monoamine oxidase inhibitor and
serotonin antagonist having hallucinogenic activity.
Rhodotorula rubra was selected out of 37 microbes for
preparative scale fermentation of harmaline and har-
malol. Harmalol transformed into 2-acetyl-3-(2-ace-
tamidoethyl)-7-hydroxy-indole. Fermentation of
harmaline by R. rubra gave 2-acetyl-3-(2-acetamido-
ethyl)-7-methoxyindole which demonstrated antibac-
terial activity against many Gram positive bacteria and
reduced toxicity as compared to using Cunninghamella
echinulata NRRL 3655. Last microorganism completely
converted harman into 2 metabolites, 6-hydroxy-har-
man and harman N-oxide. These may contribute in the
elimination of the parent compound as they are more
polar.

Bufadienolides are relatively new steroidal com-
pounds derived from the chinese drug Chan’su. These
are C-24 steroids having the distinctive structural fea-
ture as a doubly unsaturated 6-membered lactone ring
on 17-B-position. They exhibit considerable inhibito-
ry activities against human myeloid leukemia cells and
prostate cancer cells [14, 15]. Kamano et al. [16, 17]
obtained 80 bufadienolides and studied their struc-
ture—activity relationships (SAR) and quantitative
structure-activity relationship (QSAR) on the inhibi-
tion of colchicines-resistant primary liver carcinoma
PLC/PREF/5 cells. It was found that slight changes in
functionality of bufadienolides could appreciably
modify their cytotoxicities. The critical structural ne-
cessities for escalating the inhibitory activities have
been recognized. All the test bufadienolides are natu-
ral products isolated from Chan’Su, or their chemical
derivatives, and the oxyfunctionality sites are restrict-
Ne 5
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(a) (b)

Fig. 1. Structures of benzosampangine (a) and benzosam-
pangine B-glucopyranoside (b).

ed to C-3, C-5, C-15 and C-16-positions. The cyto-
toxicities of bufadienolides oxygenated at other sites,
which are apparently hard to obtain by synthetic tech-
niques remains unknown.

Ye et al. [18] obtained hydroxylated derivatives of
bufalin using Mucor spinosus as a biocatalyst. The
biotransformation products obtained in this study
were bufalin derivatives hydroxylated at C-1p, C-7f3,
C-11pB, C-12B, C-15a, C-15 or C-160a. positions. All
the oxyfunctionalities apart from 5-hydroxylation are
novel for natural bufadienolides, and are obviously
difcult to obtain by chemical means. It was discovered
that hydroxylation of bufalin at different sites could re-
markably modify the cytotoxic activities. 1B-hydroxy-
bufalin and 12-B-hydroxy-bufalin showed potent cyto-
toxicities comparable to bufalin. Both compounds are
even more active against the human gastric cancer
BGC-823 cells and the human cervical cancer Hela
cells with IC50 values of 8—10 M. Biotransformation of
bufalin by M. spinosus yielded 12 products including 7
new compounds with novel oxyfunctionalities at 1p3-,
7B-, 11B-, 123-, and 16B-positions. The results of cyto-
toxicities of 30 bufadienolides in vitro revealed that
3-OH glucosylation or hydroxylation at C-1j3 or C-12f3
sites might be promising reactions to obtain more polar
bufadienolides with enhanced cytotoxic activities.

Zhang et al. [19] investigated biotransformation of
3 cytotoxic bufadienolides, — resibufogenin, cinobuf-
agin and bufalin, by Nocardia sp. NRRL 5646.
Resibufogenin notably transformed to a metabolite
3-acetyl 15B-hydroxy-bufatolin by means of an unex-
pected 14[3,15B-epoxy ring cleavage and acetoxylation
at 16-position. This compound exhibited strong inhib-
itory activities against the human hepatoma HepG2,
human gastric cancer BGC-823 and human cervical
carcinoma HelLa cells with IC50 values of 2.8, 0.5 and
3.1 uM, respectively. This increase in cytotoxicity
could be attributed to disappearance of 14f3,15p-ep-
oxide ring cleavage and presence of 16-acetoxyl and
14B3-hydroxyl groups. Cinobufagin and bufalin were
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R
Papaveraldine (a) =
S-Papaverinol (b) —OH
S-Papaverinol N-oxide (¢c) —OH, N-oxide

Fig. 2. Structures of papaveraldine (a), S-papaverinol (b)
and S-papaverinol N-oxide (c).

biotransformed in parallel studies resulted in the cre-
ation of 3-acetylated metabolites which assayed dis-
played cytotoxicities weaker than their corresponding
parent molecules.

The diterpene ent-pimara-8(14),15-dien-19-oic
acid has shown growth inhibition of the cariogenic mi-
croorganisms with very satisfying minimal inhibitory
concentration values ranging from 2.5 to 5.0 pg/mL
[20]. Its metabolism with the aim to produce lead can-
didates showing better pharmacological characteristics
with Glomerulla cingulata and Mucor rouxii afforded 3
metabolites with one candidate ent-8(14),15-pimaradi-
en-19-ol exhibiting 2-3-fold more activity than its pre-
cursor in the time-Kkill assays [21]. According to Urzia
et al [22], the structural characteristics that endorse the
efficient antibacterial activity including significant lipo-
philicity, capable of insertion into the cell membrane,
and one strategically located hydrogen-bond-donor
group (HBD; hydrophilic group), which interacts with
the phosphorylated groups on the membrane. In this
work, it was also emphasized that a second HBD in-
troduced in the lipophilic boundary or the absence of
this hydrophilic group in the skeleton led to reduction
or inhibition of the activity.

Artemisinin (Fig. 3) has been established as a clin-
ically effective agent for the treatment of chloroquine-
resistant malaria, however its low-water solubility has
prevented the formulation of an efficient oral dosage
form, which consequently has greatly restricted its
prevalent use. In addition, it has also proven to be neu-
rotoxic in clinical trials. Hence, it is crucial to have an
oral, economical, non-toxic antimalarial drug effec-
tive against chloroquine-resistant malaria. As total
synthesis of artemisinin does not provide a practical
approach for drug design, studies using artemisinin as
a natural product scaffold for synthetic manipulation
present a logical design approach. Intricacies associat-
ed with the synthetic techniques to connect ‘synthetic
handles’ to artemisinin are a limitation to an econom-
ically feasible production of any potentially effective ar-
temisinin derivatives. Molecular modeling and SAR ex-
Ne 5
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Fig. 3. Structures of artemisinin (a), S-hydroxyartemisinin (b) and 10-deoxoartemisinin (c).

periments specify that derivatization of artemisinin in
positions 4—7 present the greatest potential of enhanc-
ing water solubility however preserving its anti-malarial
activity. 5-B-hydroxylated derivative of artemisinin has
been successfully formed after transformation with Fu-
rotium amstelodami and Aspergillus niger. Besides this
derivative, many other compounds have been produced
by SAR guided techniques that exhibit excellent anti-
malarial and water solubility profiles [23].

Parshikov et al. [24] have also reported transforma-
tion of 10-deoxoartemisinin using A. niger into 2 deriv-
atives, 15-hydroxy-10-deoxoartemisinin and 7-3-hy-
droxy-10-deoxoartemisinin, providing vital scaffolds
with the capability of being used for new anti-malarial
drugs.

Flavonoids are the most abundant plant derived
natural compounds possessing a plethora of unique
yet distinct pharmacological uses. Microbes have
been extensively used for their derivatization partic-
ularly sulfation due to the well-known significance of
flavonoid sulfates as potential therapeutic agents [25,
26]. Using Cunninghamella elegans, Ibrahim [27, 28]
generated sulfated metabolites of naringenin (a po-
tential cytotoxic), chrysin and apigenin, which pos-
sess anticarcinogenic, antioxidant, antinflammatory
activities besides other activities. Certain regiospeci-
ficity of the biocatalyst was noted as all of the sub-
strates were sulfated at C-7 position. Naringenin gave
only one metabolite, naringenin-7-sulfate. Fermen-
tation of chrysin gave apigenin-7-sulfate and
chrysin-7,4'-disulfate, whereas apigenin transformed
to apigenin-7-sulfate and apigenin-7,4'-disulfate.
The replacement of chemical synthesis of expensive
apigenin by a facile and economical biocatalytic tech-
nique was developed [28].

The active form of glycyrrhizin, glycyrrhetinic acid,
is known to acquire several pharmacological activities
such as anti-ulcerative, anti-inflammatory and immu-
nomodulating effects [29] alongside hepatoprotective
and significant antiviral activities, possibly due to im-
muno-modulating activity through stimulation of nitric
oxide production [30]. NO is a host defence molecule
produced by the enzyme NO synthase in different im-
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mune cells. It has been identied to inhibit the growth of
microorganisms including bacteria, fungi and viruses.
Maatooq et al. [30] biotransformed glycyrrhetinic acid
using 3 microbes which generated 7 metabolites. The
major metabolites were 73, 1 5a-dihydroxy-183-glycyr-
rhetinic acid and 1a-hydroxy-18(3-glycyrrhetinic acid.
Their hepatoprotective activity was assessed via
FeCl3/ascorbic acid-induced lipid peroxidation of the
normal mice liver homogenate. 7f3,15a-dihydroxy-
18B-glycyrrhetinic acid showed immense antioxidant
activity as compared to its precursor and other major
metabolites during CCl4 induced hepatoxicity test.
Both of the metabolites along with glycyrrhetinic acid
induced NO production remarkably in rat macrophag-
es, thus revealing their potential to be used as efficient
hepatoprotective agents.

Hydroxylation and O-methylation of baicalin and
baicalein has been observed as an increase of antioxi-
dant activity might be according to hydroxylation in
flavones system especially B ring [31]. Baicalin upon
fermentation with Coryneum betulinum yielded
4',5,6,7-tetrahydroxyflavone whereas Chaetomium
species yielded 5,7-dihydroxy-6-methoxyflavone.
Fermentation of baicalein with Chaetomium species
and Cryptosporiopsis radicicola gave only 5,7-dihy-
droxy-6-methoxyflavone. Pennicillium chrysogenum
biotransformed baicalein to 5,7-dihydroxy-4',6-
dimethoxyflavone and one metabolite observed with
Chaetomium species. High regiospecificity was ob-
served for methylation as only C-6 in the A ring under-
went methylation [32]. Cannflavin A and B, two me-
thylated isoprenoid flavones, represent the first agly-
cone flavonoids isolated from Cannabis sativa.
Efficient antileishmanial activity for cannflavin A and
B was reported [33] as IC, 10.3 and 13.6 uM, respec-
tively. Incubation of cannflavin A with Mucor ramma-
nianus yielded 6" .S,7"-dihydroxycannflavin A, 6"S,7" -
dihydroxycannflavin A 7-sulfate and 6"S,7"”-dihy-
droxycannflavin A 4'-0O-o.-L-rthamnopyranoside [34].
Beauvaria bassiane transformed cannflavin B to 7-O-
3-D-4"""-O-methylglucopyranoside and 7-sulfate.
These products were subsequently evaluated for their
Ne 5
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Fig. 4. Structures of meloxicam (a), 5-OH methyl meloxicam (b) and 5-carboxy meloxicam (c).

antifungal, antibacterial antimalarial and antileishma-
nial activity.

Steroids are the pioneer compounds which proved
to be ideal substrates for biocatalysts, thus paving the
way for infinite possibilities garnered by the technique
of biotransformation. Prednisone was metabolized by
C. elegans into 2 metabolites: 17,21-dihydroxy-5-
pregn-1-ene-3,11,20-trione and 17,20S,21-trihy-
droxy-5-pregn-1-ene-3,11-dione. Upon incubation
with 3 other fungi (Fusarium lini, Rhizopus stolonifer,
Curvularia lunata) afforded a single metabolite 1,4-
pregnadiene-17,20S,21-triol-3,11-dione. This com-
pound proved to be a more potent inhibitor of arachido-
nate 5-lipoxygenase as compared to prednisone [35].

Mestranol, a well recognized contraceptive, was
transformed by Cunninghamella elegans into 2 metab-
olites 6[3-hydroxymestranol, a known metabolite, and
6p3,12B-dihydroxymestranol, a novel metabolite [36].

7-hydroxy-steroids have been shown to exert neu-
roprotective effects. In this respect, 5-androstene-
3B,7a,17B-triol and S5-androstene-3f3,7f3,17p-triol
have gained popularity. 5S-androstene-33,7[3,173-triol
could stimulate concavalin A- and lipopolysaccha-
ride-induced cell proliferation in experiment with cul-
tured murine spleenocytes, and it also countered the
effect of cortisol on Con A-activated lymphocyte pro-
liferation as well as glucocorticoid-induced I1L-2 and
IL-3 production [37—39]. 5-Androstene-3f3,173-diol
was synthesized from diosgenin which was then
biotransformed to 7-hydroxylated derivatives by Mu-
cor racemosus isolated from the soil samples [40].

Recently, Russell et al. [41] have emphasized upon
the idea that structural similarity shared by secondary
metabolites of the phenyl propanoid pathway con-
sumed in our daily diet with non-steroidal anti-in-
ammatory drugs (NSAIDS) lead to the possibility that
they could serve as leads to produce analogues corre-
sponding to NSAIDS in their anti-inflammatory
mechanisms. 5-5'-linked dimer of ferulic acid, an
abundant secondary metabolite commonly found in di-
et, was selected as lead to produce metabolites. The me-
tabolites formed displayed significant inhibition of
prostanoid production.

Synthetic drugs. Using 2 different strains of Strep-
tomyces griseus Gurram et al. [42] have observed that
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the strain NCIM 2622 biotransformed meloxicam to
5-hydroxymethyl meloxicam (Fig. 4) in a higher yield
and 5-carboxy meloxicam in trace amounts. However,
the strain NCIM 2623 produced only the first com-
pound in trace amounts. Although oxidative transfor-
mations are likely to increase the potency of metabo-
lites, additional pharmacological activities of meloxi-
cam and its metabolites need to be explored. Hence,
these studies are in progress [43].

Strong structural resemblance amongst cyclooxyge-
nase (COX)-2 inhibitors has generated the prospective
of their potent analogues via biotransformation [44].
Eight metabolites of 4-[5-(4-methylphenyl)-3-(trifluo-
romethyl)-1H-pyrazol-1-yl] benzenesulfonamide, —
celecoxib, were produced after screening with several
microorganisms. The hydroxylated and carboxylated
derivatives formed had been shown to possess no in-
hibitory activity for COX-1 and COX-2. Microbial
N-acetyltransferase catalysed N4 acetylation at NH,
position of sulfonamide group of celecoxib and in-
creased COX-1 and COX-2 inhibitory effects 3.3 times.

Ma et al. [45] have reported 7 metabolites of meto-
prolol, namely O-desmethylmetoprolol, metoprolol
acid, o-hydroxymetoprolol, N-desalkylmetoprolol,
deaminated metprolol, hydroxyl-O-desmethylmeto-
prolol and glycosylated O-desmethylmetprolol formed
during biotransformation with C. blakesleeana provided
the opportunity of scaling up the reaction for further
pharmacological evaluation and structure elucidation.

Schmitz et al. [46] proposed a viable alternative
technique for the synthesis of fexofenadine from ter-
fenadine using a membrane system of Cunninghamella
blakesleeana. The reaction conditions were optimized
and microcrystalline terfenadine was employed to
overcome its low water solubility. Although this meth-
od failed to produce fexofenadine yet, tertiary butyl al-
cohol derivative of terfenadine was obtained which up-
on further reduction and oxidation of reagents could
yield fexofenadine. Terfenadine and ebastine are more
toxic compared to their active metabolites. Due to ar-
duous chemical synthesis of fexofenadine and care-
bastine, a facile biocatalytic technique was devised by
Mazier et al. [47] in which fermentation media were
optimized by the addition of soyabean peptones be-
cause of their oxidation inducing capacity. Two bacte-
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Fig. 5. Structures of dasatinib (a), BMS-587101 (b), M6 (c), amide of M6 (d), M20 (e) and M24 (f).

rial and 3 fungal strains were selected and Absydia
corymbifera showed the complete transformation of
terfenadine and ebastine. Yeast expressing human cy-
tochrome P450 failed to oxidize terfenadine, thus
showing its limitation for scaling up the metabolite
production. The reason assumed was inability of the
substrate to penetrate intact yeast cells [47].

N-acetylation of ciprofloxacin has been reported
by M. rammanianus thus revealing its possible capability
of transforming other flouroquinolones to N-acetylated
derivatives [48].

Albendazole, which is a benzimidazole carbamate,
possesses broad antiparasitic activity. Its efficiency is
due to its main metabolite, albendazole sulfoxide,
which also has significant anthelmintic activity. It has
greater water solubility profile as compared to the par-
ent molecule. Twelve different bacteria and 5 actino-
mycetes cultures were screened to produce novel al-
bendazole metabolites. Bacillus subtilis, Escherichia
coli, Klebsiella pneumoniae produced albendazole sul-
foxide. Enterobacter aerogenes, Klebsiella aerogenes,
Pseudomonas aeruginosa, Streptomyces griseus trans-
formed albendazole to albendazole sulfoxide and al-
bendazole sulfone [49].

Regioselective oxidation of 3-B-hydroxy-5,16-di-
en-pregnane-20-one (CDRI 80/574) with Aspergil-
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lus ochraeus and A. niger created 4 metabolites. 11a,
15B-Dihydroxy-4,16-dien-pregnan-3,20-dione was
a novel metabolite and 3f,11a-dihydroxy-5,16-di-
en-pregnane-20-one, a common precursor of many
hormonal compounds, was also identified. CDRI
80/574 is a compound of pregnane class which exhib-
its significant lipid profile lowering via farnesoid X re-
ceptor antagonism. It has completed phase-I11I of clin-
ical trials. Hence, its biotransformation is important
with regards to correlation with mammalian metabo-
lism and clinical evaluation of the metabolites [50].

Lietal. [51] have performed rapid synthesis of 3 major
human circulating metabolites of drugs undergoing clin-
ical trials, dasatinib and BMS-587101 (Fig. 5), by using
Actinomycetes genera. A 24-well microtiter plate screen-
ing system was developed to screen actinomycete strains
efficiently to scrutinize their ability to selectively produce
metabolites of interest. Actinomycete strains had 2 ben-
efits over fungi as they avoided possible risk of cross
contamination and formation of large mycelium ag-
gregates as observed with fungi.

P450 enzymes, as well as other monooxygenases
and dioxygenases, have been identified. On the other
hand, to prepare specific key mammalian metabolites,
it may be helpful to have an array of microbial strains
with different specificities for the production of indi-
Ne 5
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Fig. 6. Structures of R (—)-mirtazapine (a) and S (+)-mir-
tazapine (b).

vidual metabolites. Selective metabolite formation was
demonstrated with diclofenac, the metabolism of
which has been well exemplified in diverse biological
systems. 24-well microtiter plate system showed that
the strains in the wells C2, C5, D1, and D2 selectively
prepared 4-hydroxydiclofenac and those in A3, A4
and D35 selectively formed dihydroxydiclofenac but
strains in other wells produced non-selectively mani-
fold metabolites. Hence, each actinomycete strain
possesses unique oxygenases with different regio- and
stereo specificities subsequently corresponding to sub-
strate specificities. So, it is an efficient system ideal for
designing the candidate/s of required interest by scal-
ing up the metabolite production with microbes show-
ing enhanced specificity towards the production of de-
sired metabolite/s during screening plate studies. For
successful screening plate transformation, it is imper-
ative to consider certain aspects such as selecting
strains having the ability to grow in the same medium
and possessing the same growth rates. One metabolite
of BMS-587101 was determined. It was assumed to be
dehydrogenated between C16-C17 after M-S analysis.
Enzymes corresponding to human metabolism were
identified after transformation of dasatinib as Src and
Bcr-Abl-kinases [52].

Metabolites of drugs produced via chemical synthe-
sis or the scaling up of their production from mammali-
an systems for pharmacological and toxicological eval-
uation would have been quite expensive. Installation of
a double bond between C16-C17 of BMS-587101
through chemical means requires an entirely synthetic
route [53]. Therefore, microbial biotransformation
method is once again proven to be beneficial in terms of
efficiency, safety and cost-effectiveness.

Mirtazapine (Fig. 6) which is commercially avail-
able as racemic mixture is clinically used as an anti-
depressant. Its mechanism of action is attributed to
antagonism of a-2 receptors, post-synaptic serotonin
type-2 and type-3 receptors, thus reducing undesirable
effects [54, 55]. Incubation of racemic mixture of R(—)-
and S(+)-mirtazapine with Cunninghamella elegans
indicated that all the seven metabolites: N-desmeth-
yl-13-hydroxymirtazapine, mirtazapine N-oxide,
N-desmethylmirtazapine, 13-hydroxymirtazapine,
12-hydroxymirtazapine, 8-hydroxymirtazapine as
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well as the minor metabolite, N-desmethyl-8-hy-
droxymirtazapine, were formed from the S(+)-enanti-
omer, with mirtazapine N-oxide as the major metabolite.
The R(—) enantiomer formed N-desmethyl-8-hy-
droxymirtazapine, mirtazapine N-oxide, N-desmeth-
ylmirtazapine, and 8-hydroxymirtazapine. 8-Hy-
droxymirtazapine was the major metabolite [54].

BIOSYNTHESIS
OF PRECURSORS/INTERMEDIATES
INVOLVED IN THE PRODUCTION
OF BIOACTIVE MOLECULES

1-chloro-3-(1-naphthoxy)propan-2-one, a chiral
halohydrin, is an important precursor of propranolol.
This compound could be obtained by resolution of its
racemate by lipases but the major disadvantage is that
only 50% optically active product is formed. Whereas
whole cell catalyst can yield higher than 50% and high
e.e. is achieved [56]. The activity of propranolol re-
sides in S-enantiomer Saccharomyces cerevisiae along
with other microbes due to differing enantioselectivi-
ties were screened to analyze whether they converted
halohydrin to R or S propranolol with high optical pu-
rity. Two models were designed to study reduction ca-
pacity of microbes which consisted of actively fer-
menting cells and fresh resting cells. Cyclohexanone
was employed for preliminary necessary assessment of
reducing ability of microbes. The reductive action of
each strain was calculated as the percentage of cyclo-
hexanone reduced to cyclohexanol, after 48 h of the
addition of the ketone (1 g/L) to the Erlenmeyer cul-
ture ask. Using the actively fermenting cells model
1-chloro-3-[1-naphthoxy]propan-2-one was reduced
to R-propranolool by S. cerevisiae 1317, Saccharomy-
ces bayanus 1969, Psilocybe mexicana 11015, Yarrowia
lipolytica 1240. On the other hand, S. cerevisiae Type
II afforded the S-enantiomer. Production of 2 differ-
ent enantiomers could be attributed to different enan-
tioselectivities of different enzymes. In fresh resting
cells model better results were achieved with cyclohex-
anone reduction, especially in case of P. mexicana
11015 and Y. lipolytica 1240. However, the stereoselec-
tivity of the halohydrin precursor reduction in both ex-
perimental designs was almost the same. When consid-
ering 2 parameters, yield and e.e., resting cells gave
better results. Y. lipolytica 1240 and P. mexicana
11015 gave excellent yields and e.e. which proves that
these strains could be used for scaling up the produc-
tion of S- or R-propranolol from 1-chloro-3-(1-
naphthoxy)propan-2-one [57].

Benzohydroxamic acids have an attractive pharma-
cological profile which comprises of activities such as
antimicrobial, antifungal, antifeedant, phytotoxicity
and insecticidal [58]. The synthesis of 2,4-dihydroxy-
(2H)-1,4-benzoxazin-3(4H)-one (D-DIBOA) in-
volves 2 steps: (1) nucleophillic substitution of side
chain on nitrophenol using ethyl bromoacetate as the
reagent and (2) nitro group reduction followed by in-
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Fig. 7. Structures of p-hydroxybenzyl alcohol (a) and gastrodin (b).

tramolecular addition/removal of the ethyl chain from
the ester [59]. Vallea et al. [60] have discovered an effi-
cient biocatalytic technique that could replace second
step of the chemical synthesis as it employs the use of
Pd/C as catalyst and is exothermic in nature. E. coli
and Serratia marcescens were the two strains selected
for reduction of the precursor molecule, ethyl 2-(2'-
nitrophenoxy)-acetate, as they have previously been
used to reduce trinitrotoluene having a structure analo-
gous to D-DIBOA precursor. Esteve-Nufiez et al. [61]
have demonstrated that nitro group reduction occurs
via a hydroxylamine formation which further suggested
the possibility of successful biocatalytic substitution of
second step of synthesis. F. coli efficiently reduced the
precursor to D-DIBOA but the yield of the process re-
mained ineffective. It was assumed that nitroreductases
presented in strains are most likely responsible for re-
ducing the precursor. Future experiments aim at opti-
mization of variables and identification of enzymes re-
sponsible for reduction.

Gastrodin (Fig. 7) is the major constituent of the
herb Gastrodia elata Blume. This plant has various
clinical application such as sedative, anesthetic, mem-
ory enhancement, neuroprotection, anticonvulsant
and free radical scavenging activities have been report-
ed [62—66]. Zhang et al. [67] have demonstrated a
simple microbial bioconversion of p-2-hydroxybenzyl
alcohol (HBA) to gastrodin which can replace the syn-
thetic technique.

Preliminary screening demonstrated Armillaria lu-
teo-virens Sacc gave excellent transformation rate of
HBA. This study took into account various parameters
which optimized the gastrodin production. Mainte-
nance of substrate concentration and inoculums size
and addition of Tween 80 and oleic acid facilitated in
achieving maximal gastrodin concentrations for 5 days.
This simple novel biotransformation method could be
scaled up conveniently and can also be applied for C-11
hydroxylation of steroids or related compounds [67].

Abel et al. [68] have reported the N- and O- deme-
thylation of a thebaine derivative which yielded 3 po-
tential buprenorphine intermediates. N- and O-dem-
ethylation via chemical route requires expensive and
deleterious reagents and gives poor yields. Fungi of
Cunninghamella species gave significant results. Fur-
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thermore, process optimization and product charac-
terization has improved the yield of N-demethylated
compound from 39 to 94%. Two biotransformation
pathways have been recognized which include a major
one resulting in N-demethylated product and a minor
one resulting in formation of N,O-didemethylated
product. N-demethylation occurred more prominent-
ly at 32°C while N,O-demethylation was found at
28°C. The reason assumed was decreased methyl
transferase activity. Cytochrome P450 was deduced to
be responsible for N-demethylation as its inhibition by
1-aminobenzotriazole and metyrapone completely
inhibited the reaction [69].

Ezetimibe is a potent inhibitor of biliary and di-
etary cholesterol absorption from small intestine but
it does not affect absorption of bile acids, glycerol,
and fat-soluble vitamins. As a matter of fact, its exact
mechanism of action is yet to be discovered [70]. It
has been suggested that it exerts effects through inhi-
bition of acyl-coenzyme A: cholesterol acyltrans-
ferase resulting in decreased low density lipoprotein
(LDL) and Very low density lipoprotein (VLDL)
production. Chiral alcohols serve as critical build-
ing blocks to synthesize pharmaceuticals demon-
strating high enantiomeric purity [71]. In order to
achieve economical, effective and conveniently
scalable techniques for production of chiral phar-
maceutical intermediates, enantioselective biore-
duction has acquired significance [72]. Optimized
reaction of 1-(4-fluorophenyl)-5-(2-oxo0-4-phe-
nyl-oxazolidin-3-yl)-pentane-1,5-dione (FOP di-
one) (Fig. 8) to give 3-[5-(4-fluorophenyl)-5-(S)-
hydroxypentanoyl]-4(S)-4-phenyl-1,3-oxazolidin-
2-one (FOP alcohol), a vital intermediate needed
for ezetimibe synthesis produced excellent enanti-
oselectivity and the higher yield due to oxidoreductase
activity improvement [73]. It was observed that fructose
when used as a carbon source maximized enzyme activ-
ity up to [(5.07 £ 0.028) pmol/min g x5 x 10~3] and cell
mass up to (8.01 = 0.14) g/L. Organic nitrogen sources
supported cell growth but inorganic sources had no ef-
fect. Copper, zinc and potassium ions inhibited enzyme
activity but 1.2 mM of Fe*3 was optimum for enzyme
induction. Optimum bioreduction was achieved at
pH 8.0, 40°C, a cell concentration of 250 mg/mL
Ne 5
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Fig. 8. Structures of 1-(4-fluorophenyl)-5-(2-0x0-4-phenyl-oxazolidin-3-yl)-pentane-1,5-dione (FOP dione) (a), 3-[5-(4-flu-
orophenyl)-5(S)-hydroxypentanoyl-4(S)-4-phenyl-1,3-oxazolidin-2-one (b) and ezetimibe (c).

and agitation rate of 200 rpm. 54% chirally pure alco-
hol with >99% enantioselectivity was yielded which
established Burkholderia cenocepacia as a harmless,
efficient and potential biocatalytic substitute to haz-
ardous and toxic Pd/C catalyst used for FOP dione re-
duction.

Alternatively, Kyslikova et al. [74] have analyzed
the stereoselective reduction capacity of ketoreduc-
tase positive microbes using a carboxybenzyl protect-
ed form and unprotected form of the ketone 1-(4-uo-
rophenyl)-3(R)-(3-0x0-3-(4-uorophenyl)-propyl)-
4(S)-(4-hydroxyphenyl)azetidin-2-one (ezetimibe).
Initial microbial screening of 230 microbes revealed
Rhodococcus fascians MO22 had significant reduc-
tion capacities. Further optimization of the reaction
parameters using above mentioned microorganism
displayed that at pH 7.0 and 30°C using glucose or
glycerol (50 g/L) as an enzyme inducer reduced 95%
of the unprotected ketone and 63% of protected ke-
tone with 20% suspension of cells.

RESOLUTION OF RACEMIC MIXTURE
TO OBTAIN ENANTIOMERS POSSESSING
DIFFERENT PHARMACOLOGICAL PROFILES

Optically pure single enantiomers cause less side
effects as compared to their corresponding racemates
[75]. Henceforth, the aim to design drugs with high
enantiopurity and their corresponding unique activity
profiles by means of racemate resolution has gained
momentum [76]. Biocatalysts are imperative to achieve
this objective as they surpass chemical catalysts once
again for achieving the higher enantiomeric ratio (E)
and enantiomeric excess (e.e) values.

Commercial enzyme preparations though offer an
effective substitute, it often becomes difficult to obtain
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enzyme preparations possessing both enantioselectiv-
ity and kinetic resolution activity for racemates that
are unnatural substrates. Lipases have been broadly
used in enantioselective hydrolysis reactions to obtain
the desired optically active acids or alcohols. Esterases
contrarily inspite of their great biocatalytic capacity
have been less used.

Ketoprofen which belongs to 2-arylpropionic acids is
a racemic mixture. It inhibits prostaglandin synthesis
and is used clinically as an anti-inflammatory and an an-
algesic compound. Its anti-inflammatory action is re-
garded to its S-enantiomer. Nevertheless, R-enantiomer
has shown to possess some analgesic and antipyretic ac-
tivity [77]. Gong et al. [78] have prepared R-enantiomer
using racemic 2-ethyl ester of (R)-ketoprofen-2-(3-
benzoylphenyl)propionic acid as substrate for Citeromy-
ces matriensis CGMCC 0573. Careful microbial screen-
ing exhibited that most organisms had a natural tenden-
cy towards hydrolysis of S-enantiomer or they had a
nonselective hydrolytic approach towards ketoprofen
ester whereas microbes containing R-isomer hydrolyz-
ing esterases were rare. Optimized conditions were
maintained to enhace expression of esterase activity.
Carbon sources had no effect but yeast extract as a ni-
trogen source proved effective. Isopropanol signifi-
cantly reduced enzyme activity. The limitation of poor
water solubility of ketoprofen was overcome by subse-
quent addition of ethanol and Tween 80 alternatively
as this strategy eradicated the microbes using additives
instead of substrate as an energy source. Tween 80 was
assumed to contribute greatly to the ester hydrolysis by
increasing membrane permeability of the yeast cells,
inducing enzyme biosynthesis, providing carbon
source for cell growth. Thus, Tween 80 enhances reac-
tion rates. Characterization of esterase of C. matriensis
CGMCC 0573 and its function regarding production
Ne 5
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Fig. 9. Structures of pentoxifylline (PTX) (a), propentofylline (PPT) (b), lisofylline (LSF-(R)-OHPTX) (c), hydroxypro-
pentofylline (1-(5-hydroxyhexyl)-3-methyl-7-propyl-xanthine) (R) — OHPPT (d), hydroxypentoxifylline (1-(5-hydroxyhexyl)-
3,7-dimethyl-xanthine) (S) — OHPTX (e) and hydroxypropentofylline (1-(5-hydroxyhexyl)-3-methyl-7-propyl-xanthine) (S) —

OHPPT (f).

of R-ketoprofen are underway by the authors. Liu et
al. [79] have focused on clinical importance of S-keto-
profen and directed their approach in developing a
convenient method to obtain S-isomer by the mutant
strain Trichosporon laibacchii. Racemic ketoprofen es-
ter is hydrolyzed to yield a biotransformed broth con-
sisting of ketoprofen acid considerably supplemented
with S-isomer and ketoprofen ester considerably sup-
plemented with R-isomer. The remaining ketoprofen
ester after the biotransformation can be promptly pur-
ied, racemized and recycled to be used in further
biotransformations to diminish raw-material costs.
Procedure of optimization afforded to get satisfactory
results in which E was 82.5 with an e.e. of 0.94. The
two different procedures of biocatalytic resolution of
ketoprofen ester are a vivid exemplification of ste-
reospecificities of enzymes which in turn depend on
their specific type or nature and direct their preference
towards the formation of particular enantiomer from a
racemic mixture.

Ibuprofen is a significant member of NSAIDS be-
longing to the 2-arylpropionic acids (profens family).
Its anti-inflammatory activity is also believed to reside
in S (+)-enantiomer. Microbial lipases have a great
prospective for commercial uses because of their sta-
bility, enantioselectivity and broad substrate specicity.
Chiral resolution of racemic ibuprofen via lipases is
documented. Lipase from Aspergillus niger AC-54 spe-
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cifically esterifies R (—)-ibuprofen and that afforded
the best results in terms of enantioselectivity and ther-
mostability as compared to other native lipases
[80,81]. Carvalho et al. [82] have studied the charac-
terization of parameters effecting the enantioselective
resolution of (R,S)-ibuprofen by this lipase and opti-
mized the technique of obtaining a cost-effective en-
zymic esterication. Variables influencing the control of
the resolution of (R,S)-ibuprofen by lipase A. niger
(such as enzyme concentration and ratio molar pro-
panol : ibuprofen) were assessed. This experimental
study provided a great contrivance to optimize the es-
terication conditions that allow an essential develop-
ment of the enantiomeric excess of active (S)-ibuprofen
and enantioselectivity of lipase in this process. Under
optimum conditions, a fine enantioselective resolution
of (R,S)-ibuprofen has been attained, which is signifi-
cantly advanced previously reported results using this li-
pase.

B-blockers are drugs that antagonize the effects of
catecholamines on 3; and 3, receptors. Atenolol and
propranolol (Prop) are the most commonly used
B-blockers which are used as racemic mixtures for
their basic clinical effect i.e. hypertension. The bio-
logical activity of B-blockers resides mostly in S-enan-
tiomer. Damle et al. [83] have successfully achieved
high e.e. values for S-isomer of both atenolol and
Prop employing resolution capacities of Rhizopus ar-
Ne 5
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rhizus and Geotrichum candidum. Comparative stud-
ies performed showed that incubation of pure race-
mate of B-blockers furnished better results than cor-
responding esters of 3-blockers. Thus, the superiority
of the microbial transformation over other biological
models (enzymes, mammals) was demonstrated in
terms of cost-effectiveness, less time consumption and
single step synthesis.

Endophytic fungi are a remarkable source for micro-
bial biotransformation but they have been less investigat-
ed. The term endophytic fungus has been applied to
those fungi which can be noticed at a specific moment in
the tissues of apparently healthy plant host [84]. Kinetics
of Prop transformation by some endophytic fungi has
been recently evaluated which monitored metabolite
concentrations as well as formation and consumption of
metabolites corresponding to time. All endophytic fungi
utilized had the ability to enantioselectively biotrans-
form Prop to the active metabolite 4-OH-Prop. Glomer-
ella cingulata showed significance for the production of
the active enantiomer of the metabolite by transforming
(—)-(S)-Prop to (—)-(S)-4-OH-Prop within 24 and 72 h
of incubation. (+)-(R)-4-OH-Prop metabolite was
formed after 72 h. Aspergillus fumigatus and Chaetomium
globosum showed higher enantioselectivity in the pro-
duction of the (—)-(S)-metabolite after 144 h of incuba-
tion [85]. These fungi have also been employed to
biotransform enantioselectively thioridazine which is a
phenothiazine neuroleptic used for psychiatric disorders
such as schizophrenia. It is commercially available as a
racemic mixture of (—)-(S) and (+)-(R)-enantiomers.
In vivo experiments demonstrated sulfated metabolites
to be pharmacologically active which are generated via
oxidation of sulfur at 2-position producing thior-
idazine-2-sulfoxide (THD-2-SO). This metabolite
undergoes additional oxidation to become sulfone
THD-2-SO, Cardiotoxic effect of thioridazine is at-
tributed to its metabolite THD-5-SO. The fungi used
oxidized thiomethyl substituent at position 2 and sul-
fur at position 5 of phenothiazine ring. Diaporthe
phaseolorum biotransformed (S)- and (R)-THD in
relative amounts. The 2-sulfoxidation occurred with
higher preference resulting in the R configuration of
the sulfoxide to form (S,R)-THD-2-SO and (R,R)-
THD-2-SO. Among all fungi evaluated, A. fumigatus
exhibited higher formation of (S,S)-THD-2-SO and
(R,R)-THD-2-SO metabolites. The 5-sulfoxidation
in the thiazine ring was less [86].

Buspirone is an anxiolytic and antidepressant
which most probably exerts its effects after binding to
SHT1A receptor. Liver cytochrome P450 3A4 metab-
olizes the drug generating its major metabolite 6-hy-
droxybuspirone which is present at 30—40 times high-
er concentration in human blood and thus it may be
responsible for the clinical actions of the drug. Both
the (R)- and (S)-enantiomers of 6 hydroxybuspirone
separated by chiral HPLC, showed considerable po-
tency in tests using a rat model of anxiety [87, 88].
While the (R)-enantiomer demonstrated rather strong
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binding and specicity for the SHT 1A receptor [89], the
(S)-enantiomer had the benefit of being cleared more
slowly from the blood [90]. Hanson et al. [89] have re-
ported hydroxylation of buspirone to (S)-6-hydroxy-
buspirone directly by means Strepfomyces antibioticus
ATCC 14980. (S)-6-Hydroxybuspirone was also af-
forded enzymatically by the enantioselective hydroly-
sis of racemic 6-acetoxybuspirone using L.-amino acid
acylase. Hydrolysis of the isolated (R)-acetate yielded
(R)-6-hydroxybuspirone.

Pentoxifylline (PTX: 1-(5-oxohexyl)-3,7-dimethyl-
xanthine) and propentofylline (PPT: 1-(5-oxohexyl)-3-
methyl-7-propyl-xanthine) are derivatives of theobro-
mine which inhibit phosphodiesterase (Fig. 9). These
drugs inhibit the transcription of the gene responsible
for tumor necrosis factor (TNF-a) synthesis. As non-
specic phosphodiesterase inhibitors, they enhance the
cAMP level in the cells, by this means inhibiting the
synthesis of TFN-a, IL-1b, IL-6 and I1L-8 [90, 91].

Hydroxypentoxifylline  (OHPTX:1-(5-hydroxy-
hexyl)-3,7-dimethyl-xanthine) and hydroxypro-
pentofylline (OHPPT:1-(5-hydroxyhexyl)-3-methyl-
7-propyl-xanthine) are pharmacologically important
derivatives. The (R)-enantiomer of the OHPTX active
metabolite, called as lisofylline (LSF), is a lysophos-
phatidic acid acyl-transferase inhibitor recognized as a
drug candidate for the prevention of treatment-related
toxicity in cancer patients [92, 93] and bone marrow
transplant recipients [94]. Racemic OHPPT increases
cerebral blood ow, but the (R)-enantiomer of OHPPT
is three times more effective compared to the S-enan-
tiomer in stimulating cerebral blood flow [95]. Pekala
etal. [96] used C. echinulata NRR1.1384 to biocatalyse
the (S)-oxidation of the racemic hydroxy metabolites
OHPTX and OHPPT and for (S)-reduction of PTX
and PPT. The biotransformation of (+)-OHPTX gave
an (R)-enantiomer (LSF) with an enantiopurity of ap-
proximately 93% e.e. compared to the bioconversion
of (£)-OHPPT, where the greatest e.e. value for (R)-
OHPPT was confirmed at 83%. Augmenting the bio-
conversion with glucose gave 47—51% yields and 80—
93% e.c. values analogous to those obtained with no
glucose.

sk kok

Microbial biotransformation as a fundamental pro-
cess has gained significant momentum whether it is
concerning correlation studies with other in vitro (ani-
mal tissue, plant tissue, etc.) and in vivo (animals, hu-
mans) models or discovering metabolites superior
from their predecessors in terms of activity, toxicity,
pharmacokinetic and physicochemical parameters.
However, no in vitro model could ever totally replace in
vivo models as their predictive values are often ques-
tionable due to differing enzymology, physiology, re-
action conditions etc.
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Various drugs are transformed to active metabolites
that may considerably participate in displaying overall
pharmacology or adverse effects. They may inherit the
exact pharmacological behavior with the added bene-
fit of better safety and pharmacokinetic profile. On the
contrary, they may exhibit pharmacological pattern
differing significantly from the parent molecule. Ac-
tive metabolites can be subjected to further structural
modifications resulting in optimization of properties
of parent molecule. The present review has shed light
upon 3 important routes for designing therapeutic
molecules. The numerous examples given above lead
us to the conclusion that microbial biotransformation
can prove to be an ideal tool for drug designing as it is
cost effective, less hazardous environment friendly
and easily scalable for metabolite production.
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JEKTUHCBA3BIBAIOIIINI AHAJIN3 YIJIEBOJIHOI'O COCTABA
OK3O0IIOJIMMEPHOI'O MATPUKCA BUOIIVIEHKHA
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MeTonoM TpaHCMUCCUOHHON 3JEKTPOHHOM MMKPOCKOITMM MCCJIENOBAaHbI YIJIEBOAHbIE KOMITOHEHTBI
OMOTIIIEHOK KOPPO3MOHHO-arpeCCUBHBIX 0AKTEPUil C MCTOIB30BAaHUEM JIEKTUHOB, MEUEHHBIX KOJUIOW/I -
HBIM 30J10TOM. B cocTaBe 3K301M0JIMMEPOB BhIsSIBJIEHBI aMMHOcaxapa — N-anetui- D-rioko3aMmuH, N-alie-
TuiI-D-ranakro3amMuH U HeMTpaibHbIe yTaeBoabl D-Toko3a u D-MaHHO3a. YCTaHOBJIEHO, YTO JIEKTUHBI C
OJIMHAKOBOM yTJIeBOAHOM CIEIU(PUIHOCTHIO B pa3HOU CTENEHU B3aUMOI€ICTBOBAJIM C YTIIEBOAHBIMU KOM-
MOHEHTaMU OuorieHOK Oaktepuii. [lokazaHo, uTto mWis BbIsBIeHUs1 N-aneTui- D-rajakTozamMmuHa B
ouorutenke Desulfovibrio sp. 10 u Bacillus subtilis 36 Han6oiee cneurduyeH ekt LBA, a mig N-auetui-
D-rtoko3amuHa B 6noruieHke B. subtilis 36 v Pseudomonas aeruginosa 27 — WGA. J1J1s1 BU3yaTM3aIiiu Hei-
TpaJbHBIX YIJIEBOIOB B MCCAEAYyEMbIX KyJIbTypax HauboJjee crieunduyeH JiektuH PSA. JlokazaHo, 4To JieK-
TUHBI, MEYEHHbIE KOJIJIOUIHBIM 30JI0TOM, MOXXHO MPUMEHSTh KaK 3KCIPEeCcC METO, JJIsl BBISIBJICHUS U JIO-
KaJI3allMH1 yIJIeBOJ0OB B COCTaBe MIMKOMOJIMMEPOB 3K30IMOJIMMEPHOTO MaTpUKCa OMOTIJIEHOK.

DOI: 10.7868/S0555109913050103

B mrociienHee necAaTuieTe 3HAYNTEIFHOE BHUMA-
HUE WCcienoBaTesieli HalpaBlIeHO Ha U3ydeHHUe
OMOILJICHOK, TaK KaK OOJIBIIMHCTBO BasKHBIX TIPUPO/I-
HBIX 1 WHXEHEPHBIX CUCTEM HAXOIATCS O MX BO3-
neiicreueM [1—3]. buorenku, chopmMmupoBaHHEIE
cynbparpeiyuupyoImuMu 0aKTeprUsIMU U UX TeTepo-
TpO(HBIMU CITYTHUKaMHU Ha IIOBEPXHOCTH CTAJIH, SIB-
JISTIOTCS TakeKe (pakTopaMyn MUKPOOHOM KOppo3uH [4,
5]. YcraHoBI€HO, YTO BEAyIyIO poib B (hOpMUpPOBa-
HUM OMOILUIEHOK Urpatot ak3zononucaxapuabl (BIIC),
MPOAYIIUpYyeMble OaKTEpUSIMU B 3K30IOJIMMEPHOM
Mmarpukce [6—8]. B cocraBe DIIC obHapyKeHBI HEl-
TpaJibHbIE YIJIEBOMbI, & TAKXKE YPOHOBbIE KUCIOTHI U
aMHrHOCaxapa, KOTOpble, B3aUMOIECTBYS C IPYyTUMU
KOMITOHEHTaMM MaTpUKca ¢ TIOMOIIbIO KApOOKCUIIb-
HBbIX ¥ aMUHOTPYMII, YYaBCTBYIOT B (hOPMUPOBAHUU
CTpYKTYypbl OuoruieHku [9, 10]. [Tomumo atoro, monu-
caxapuibl CITIOCOOHBI CBSI3bIBATH B MATPUKCE NOHBI ME-
TAJUIOB U CYJIb(PUIbI, aKTUBU3UPYS TaKUM OOpa3oM
Koppo3uoHHLIH 1pouecc [5]. [Toatomy BcecropoHHEe
WCCNIeIOBaHNE PA3TMYHBIMUA METONAMM YIJIEBOTHOTO
cocCTaBa 3K30MOJIMMEPHOT0 MaTpuKca OMOILIEHOK SIB-
JISIETCS aKTYaTbHBIM.

Panee HaMu ObLT MCCIEIOBAaH COCTaB AK30MOJIM-
MEPHOI'0 MaTpuKca, IPOAYLUPYEMOr0 KOPPO3MOH-
HO-arpecCUBHBIM MHUKPOOHBLIM COOOIIECTBOM IIPU
dopMHUpoBaHNN OWOIMJIEHKM Ha cTaan. MeTomom
ra30KMJIKOCTHOM XpomaTrorpaduu IIpoBeleH aHa-
JIN3 MOHOCaXapUIHOIO COCTaBa YIJIEBOMHBLIX KOM-
TMOHEHTOB 3K30IOJIMMEPHOTO MAaTPUKCA OOTIEHKH.
VcraHOBJIEHO HaJIMYMe B €ro COCTaBe HeWTpabHBIX

YIJIEBOAOB, a TAKXKE YPOHOBBIX KMCIIOT M aMUHOCAXa-
pos [11].

B HacTostinee BpeMsi B HAyYHBIX UCCICAOBAHUSIX
Bce 0oJIbllIee pacnpoCTpaHeHUe 3aBOEBBIBAET MOJIU-
da3HbIi aHaINU3, IPU KOTOPOM COIIOCTABJISIIOTCS pe-
3yJIBTAThl, MOJIYyYeHHbIE Pa3HBIMA METOAAMMU, C lie-
JIBIO VX JIOIOJHEHUS WX netanusauni. OOHUM U3
TaKMX TOAXONOB IPH MCCIAECIOBAHUU NOBEPXHOCTU
GaKTepUaIbHBIX KJIETOK, HAPSITY C OMOXUMUYECKUMU
METOaMH, SIBJIIETCSI IIPUMEHEHMUE B KayeCTBE MOJIE-
KYJIAPHBIX 30HAOB MCUYCHbIX JICKTUHOB.

MeueHble JIEKTUHBI YCIIEIIHO UCIIOIB3YIOTCS TpU
VICCJIEIOBAaHUM MUKPOOHBIX KYJIBTYp IS 30HIMPOBA-
HUSI CTPYKTYp KJIETOUYHOI IMOBEPXHOCTU, M3YyYEHUS
OakTepHaJIbHBIX Karcyt [12, 13] u 1okanu3aumu yrie-
BOJIOB Ha TTOBEPXHOCTU KJIeTKHM [14]. CBOICTBO JIEKTU-
HOB MPOSIBJISITh MAKCUMAaJIbHOE CPOJICTBO K OJIMTOcaxa-
pUlaM CTPOTo OIpeAeIeHHON CTPYKTYPbI JaeT TakxKe
BO3MOXHOCTb U3YYEHUS OTPEIEIEHHbIX YII€BOAHbBIX
KOMITOHEHTOB, MPOAYLIMPYEMbIX OaKTepuUsiMU TIpU
(hopMupoBaHNM OUOTIIIEHKM.

JlexTuHBI, MeueHHbIe (hIyOPECIIEHTHBIMU Kpacu-
TEJISIMU, IPUMEHSIIOTCST KaK MapKephl TSI UCCIEI0-
BaHUS NIPOCTPAHCTBEHHON JIOKAINU3aIIUU TJIMKOITO-
JIUMEPOB, MPOAYLUMPYEMBIX in situ B MOIEJIbHBIX
OUOILJIEHKaX C TIOMOIIbI0 KOH(hOKaIbHOM Ja3epHoit
ckanupytomieii mukpockornuu (KJICM) [15—19].
IIpruMeHeHue 3TOi in situ TEXHUKM MO3BOJISIET Olle-
HuTh DI1C-cnennduruHble IMUKOKOHBIOTAThI U Ja-
XKe nud@epeHIIMPOoBaTh HECKOJIBLKO X TUIIOB [20].
OHaKO 3TOT METOJ HEe BCETaa JOCTYIICH.
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JEKTUHCBS3bIBAIOLLINN AHAJIN3 YITIEBOOHOI'O COCTABA 451
Taoauma 1. XapakreprcTUKa JIEKTUHOB, UCIOJIb3yeMbIX B padote (HITO “JlekTuHTecT”)
KonnuecTBo
M cTouyHMK Moneky- | KonnuectBo
VYriaeBonHas LIEHTPOB
JlektuH MOJTyIeHUS HazBanwue JISIpHAsT | CYOBEeOIUMHMIIT
CcnenUIHOCTD CBSI3BIBAHUS
JIEKTUHA Macca, k/la| B MoJiekyJe «
VIJIEBOIOB
KonkanaBaniuu A | Canavalia Con A a-D-rmoko3a 102 4o 4
ensiformis, ceMeHa a-D-MmaHHO3a
JlexTuH 3aBsi3eit Triticum vulgaris, WGA N-anerui-D- 36 20 2
MIIEHUITBI 3aBSI3U JIIOKO3aMUH,
cHaJioBast KMCIoTa
JlextuH Kaprodens | Solanum tuberosum, | STA N-auerui-D- 105 2 —
KJIyOHM IJII0OKO3aMUH
JlextuH yeueBuubl | Lens culinaris, LCA a-D-rmoko3sa 48 2023 2
ceMeHa o.-D-maHHO3a
JlekTnH ropoxa Pisum sativum, PSA a-D-roko3a-D- 48 403 —
ceMeHa MaHHO3a
JlexTuH coun Glycine max, SBA N-auerun-D- 110 40, 2
000bI rajakTo3aMuH
JlektuH acosn Phaseolus limensis, |LBA N-auetui-D- 127 4 —
ceMeHa raJlakTO3aMMH

PO

—” — HeT JaHHbIX.

Lenms paboOTBl — mMcClIeqOBaHUE BO3MOXHOCTH
HNCITIOJIb30BaHUA JEKTMHOB, MCEUYCHHbIX KOJIJIOWI-
HBIM 30JIOTOM, JIJISI OTIPEAeICHUS YTIIEBOIHBIX KOM-
MOHEHTOB OMOIIJICHKH, 00pa3yeMoil Ha MOBEPXHO-
CTH CTaId KOPPO3MOHHO-arpeCCUBHLIMU OaKTepU-
AMMU, METOJAOM TPAHCMHUCCUOHHOWM 3JIEKTPOHHOM
MUKPOCKOIINH.

METOOAUKA

O01bekThl HccienoBanus. B pabote Mcrnoiab3oBa-
HBl paHee BbIICJISHHBIE HAaMU K3 KOPPO3UOHHO-
arpecCUBHOTO CYJIb(OUIOTEHHOTO MUKPOOHOTO CO-
obmectBa Oaktepuu Desulfovibrio sp. 10, Bacillus
subtilis 36, Pseudomonas aeruginosa 27, a TaKXe VC-
KYCCTBEHHO CO3JaHHAas U3 3TUX MOHOKYJETYP acco-
uuarms [21].

Metoapl KyasTMBMpOBaHMsA. MOHO- M accolua-
TUBHBIE KYJBTYPbl BbIpalllMBaJIM Ha XUIKOW cpene
IToctreiita “B” [21] Bo drakoHax oobeMoM S50 mut,
WHOKYJIMPOBAHHOW B 3aBUCUMOCTH OT BapuaHTa
OIbITa KyJIbTypaMu 0aKTepuil B 9KCIMTOHEHIIMATbHO
daze pocra. KosnuecTBo moceBHOro MaTepuaia co-
craBisiiio 10% oT oGbema cpelnbl, HAYaJIbHBIA TUTP
MOHOKYJIBLTYp — 107 Ki1./MJ1. Buoniuenky Hapaniusa-
1 Ha obpasnax ctanu 3. CrajabHbIe 00pa3libl IIpe/I-
BapuUTEIbHO OOpadaThIBaId COTJIACHO METOIUKE,
onwucaHHoi B [11], 3aTeM morpyxaiau Bo (pJIaKOHBI 1
repMEeTUYECKM 3aKpbIBaI PE3UHOBBIMU TTPOOKAMM.
NuxyoupoBanu npu 28°C B reueHue 10 cyT. Kaxxnpiii
OIBIT CTABUJIU B 3 TIOBTOPHOCTSIX.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Kommepueckne mpenaparbl JIeKTHHOB. VMcronb3o-
BaHHBIE B OIILITE IIpenpaThl JEKTUHOB, MEUYCHHBbIE
KoyuronaHbIM 3010ToM (HITO “JlekTtunrect”, JIbBOB),
npuBeaeHEl B Ta0. 1. BeIOOp IEKTUHOB WIS JTAHHOTO
HCCIeNOBaHUs OOYCIOBJICH MPeaBapUTEIbHO MPOBE-
JeHHBbIM HaMU OMOXMMHWYECKNM aHAIM30M MOHOCAXA-
PUIHOTO COCTaBa 5K30ITOJIMMEPHOTO MaTPUKCAa BEIIIIE-
yKa3aHHBIX OakTepuii [11], a Takke TaHHBIMM JTATEpA-
TYPHBIX UICTOUHUKOB O COCTABE YIJIEBOJIOB B OMOILICHKE
[6, 8—10].

JleKTHBI MCTIONB30BAIM B BUAE 30J51, KOTOPbIA
colepxal B KauecTBe KoHcepBaHTa 0.02% a3uga Ha-
tpust, 10—20% stunenrnukons B 0.01 M docdaTHOM
oydepHom pactBope (pH 6.5—8.5). Pasmep wactuil
KOJUTOMIHOTO 30j10Ta cocTaBiisl 8—12 HM. KoHIieH-
Tpalus JEKTUHOB MO Asy, = 5.0 £ 0.2. PacTBopbI Jiek-
TUHOB TOTOBWJIM COTJIACHO MHCTPYKLIMUA IPOU3BOLAM-
TeJIs.

IToaroroBka 0o0pa3unoB aJis 3JE€KTPOHHOH MHKPO-
ckonmuu. [IpermapaTbl OMOIUIEHKU IJISI 3JCKTPOHHOM
MUKPOCKOITMY TIOJIyJaJii METOIOM OTIEeYaTKoB. JIis
BTOrO TOCJIe OKOHYAHUS SKCITO3UINM CTaJbHbIE 00-
pas31Ibl C 00pa30BaHHOI Ha HUX OMOIIJICHKOI BRIHMMAa-
1 13 GIIAKOHOB, 3aTeM Ha ITOBEPXHOCTb OMOIIJIEHKN
HaKJIaJdbIBaJI MeIHbIE CETOUYKU, TTOKPHIThIE (hopMBa-
poBoii TuieHkoM. TTocie 1 MUH 3KCITO3UIINN, CETOYKH
C OTIIEYATKOM OWOIUIEHKM OCTOPOXHO CHUMAIU U
BBICYIIIMBAIX Ha Bo3ayxe. J1is1 ToydeHUs Tiperapa-
TOB CYCIIEH3MOHHBIX KYJIETYp Ha CETOUYKM HAHOCUJIU
cycneH3uio oakrepuii (10—20 MKJI) M TaKKe BBICY-
LIIMBaJIA Ha BO3OyXe.

Ne 5 2013
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Puc. 1. CassiBaHUE JIGKTUHOB ¢ yriieBogamu Desulfovibrio sp. 10 B GuoruieHke. MacirabHas metka: a — 500 Hm, 6 — 200 HM.
Ha puc. 1—3 nokanu3zauust 4aCTUILl KOJJIOUIHOTO 30JI0Ta HAa TTOBEPXHOCTH KJIETKM M BO BHEKJIETOYHOM MAaTPUKCE BHIOOPOYHO

YKa3aHa CTpCJIKaMHU.

Ha cerouku ¢ oOpa3iaMu OMOIUIEHKUA W CYCIIeH-
3UOHHBIX KYJIBTYP HAHOCHUJIM PAcTBOP COOTBETCTBY-
IOIIEro JIEKTUHA, MCYEHHOTO KOJJTOUTHBIM 30JI0TOM,
Y BBIICPKUBAIN 1 9 7151 CBSI3BIBAHUS JICKTUHA C yTJIe-
BOJaMU 9K30IOJIMMEPHOTO MaTpukca. [Tocie akcmo-
3ULIUU, IJIsI YAaJeHUsI OCTaTKOB PacTBOpa JIEKTUHOB,
CETOYKU TPVIKIOBI TTPOMBIBAIM ITUCTUIIPOBAHHOM
BOJIOI U BBICYIITUBAIM Ha BO3IyXeE.

Mukpockonuyeckue wuccjeaoBanusd. [Ipuroros-
JICHHBIC OOpa3Ilbl MCCIECIOBAIN C MCIOIb30BAaHUEM
TPAHCMMCCUOHHOTO  DJIEKTPOHHOTO  MHKPOCKOITa
JEM-1400 (“JEOL”, SAnoHus1) npu yCKOPSIOIIEMCS
HanpsckeHun 80 kB m obOmieM MHCTpYMEHTaILHOM
yBeaudeHun x3000—12000. MeTogoM paHIOMU3M-
pOBaHHOTO OTOOpPa MpocMaTpuBaiu He MeHee 20 mo-
Jieit 3peHnst. KoamaecTBO KOJTOMIHBIX YaCTHUII 30J10-
Ta, CBSI3aHHBIX C YIJIEBOMHBIMM KOMITOHEHTAMU 2K-
30MOJIMMEPHOTO MaTpUKca OMOTIJIEHKU U CYCTIEH3UH,
MOJACYUTBLIBAIN B 1 MKM? IJIOLIAIM T10JIS 3PEHNUS, UC-
noJib3ys nporpammy ImagelJ ver. 143u (http://rsb.info.
nih.gov./ij).

CTaTUCTUYECKYI0 OOpabOTKy IIOJIYYEHHBIX pe-
3yJIETATOB IIPOBOAWIIN, UCIONbL3YSI CTAHIAPTHOE OT-
KJIOHEHME T10 BLIOOPKE CBSI3aHHBIX YaCTUL] KOJJTOMUI-
HOTO 30J10Ta B T10JIe 3pEHUSI C TOMOIIBIO TTPOTrpaMMBbl
MS Exel 2010.

PE3VYJIBTATBI 1 UX OBCYXIEHUE

CnocoOHOCTB JIEKTUHOB CITELIM(PUUECKHA B3aIMO-
JIefiCTBOBATh C Pa3IMYHBIMU YIJIEBOJAMU MTO3BOJISIET
VICITOJIb30BaTh X IPU U3y4EHWU M CBOMCTB, CTPYKTYPHI
W JIOKAJIM3alUU YIJIEBOACOACPKAIINX OMOMIOINME-
pOB, a TakKke IJIs MIeHTU(DUKALINU OMOJIOTrMIeCKUX
00beKTOB. MCcITo1b3ysI TIEKTUHCBSI3BIBAIOLIUIA aHATIN3

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

IUISE OMOXUMMYECKOM XapaKTEPUCTUKU OMOILIEHOK,
HEOOXOAMMO 3HATh MOJIHBIN CITIEKTP YIJIEBOIHOIO CBSI-
3pIBAaHUS JTaHHOro JieKTuHa. OmHakKo cTaHmapTHBIC
JIEKTUHBI U3 KaTaJlora, 1o JaHHBbIM IPOM3BOAUTE]IS,
WCIIBITBIBAIOTCS TOJIbLKO OTHOCUTEJIBHO HEKOTOPBIX yT-
sneBonoB. Kak mpaBuiio, 3T yriieBOAbI UMEIOT BaXKHOE
3HAUYEeHUE I OMOJIOTMYECKUX MCCACTOBAHUIA KJIET-
KM, HO He 00s13aTeJIbHO MOTYT MPUCYTCTBOBATH B 3K30-
nojavMMepax MNpUPOIHBIX OuoruieHOK. Kpome Toro,
HEKOTOpbIe CcIleln(pUIecKue TJTMKOKOHBIOTAaThI, Ha-
OpUMep allbTMHAT, MOTYT OBITb YHUKAJIbHBIMU JIJISI
OakTepuii 1 OMOIJIEHOK [8&].

YUuThIBasg 3TO, MBI COWIM 1I€JIECOOOPa3HBIM MC-
CJIeA0BATh CIIEIU(MUIHOCTD psiia KOMMEPYECKUX JICK-
TUHOB OTHOCHUTEJIBHO YIJIEBOIOB, MPOIYLUPYEMBIX B
9K30II0JIMMEPHOM MaTpUKce OaKTEpUSIMU KOMITOHEH -
TaMU KOPPO3HMOHHO-arpeCCUBHOTO COOOIIIECTBA.

C 1TOMOIIBI0 TPAHCMHUCHUOHHOM 3JIEKTPOHHON MUK -
POCKOIIMM HaMH OBLUIO [TIOKa3aHO, 4YTO CB43bIBaHUEC
JIEKTUHOB C YIJIeBOAaMM TMPOMCXOAWIO HENocpe-
CTBEHHO B 9K30IOJMMEPHOM MAaTpPUKCE, a TakKe Ha
IMOBEPXHOCTU 6aKTepI/laﬂbeIX KJIETOK, O YEM CBHIC-
TeJIbCTBOBAJIO HAJIMUME YACTULL KOJIJIOMIHOTO 30JI0Ta.
MeueHHbIe KOJUIOMIHBIM 30JI0TOM JIEKTUHBI BU3ya-
JIMBUPOBAJIMCh HA CHUMKaX KakK HeOOoJIbIINE OKpyT-
JIbIE 3JIEKTPOHHO-TIJIOTHBIE YaCTHULIbI pa3MepoM 8—12 HM
(puc. 1-3).

s onpenenenus B onoruienke N-anetuin-D-ra-
JIaKTO3aMMWHa ObUIY UCITOJIb30BaHbl MEUEHbIE JICKTH -
Hbl (paconu LBA u cou SBA, nMeroliie COOTBETCTBY-
IOILIYIO YIJIEBOAHYIO crieunm¢puyHOCTh (Tadn. 2). B
ouorutenke Desulfovibrio sp. 10 u B. subtilis 36, a Tak-
K€ aCCOLMAaTUBHOM KYJIBTYpbl OTMEUYEHO CBSI3bIBAHUE
BBINIIEYKa3aHHBIX JICKTMHOB C YTJIEBOIAMM, O 9YeM CBH-
JIeTeJIbCTBOBAJIO HAJTMYME YaCTUI] KOJUIOUIHOIO 30J10-
Ne 5
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Puc. 2. CesasbiBanue JiektiHa LBA ¢ yriieBogamu B OuoruieHke: a — B. subtilis 36, B — P. aeruginosa 27. MaciirabHast MeTKa:

a— 200 aM; 6 — 500 HM.

(@)

500 HM R

| I

]

©) i f

Puc. 3. CBsi3piBaHME JIGKTUHOB C YIJIEBOJAMU B CYCIIEH3MOHHOM KynbType Desulfovibrio sp. 10: a — nektun PSA, 6 — nektuH
STA, B — nexktux LBA. Macmra6Hast Mmetka — 500 HM.

Tta. KommaecrBo nektnmHa LBA, cBsg3anHoro ¢ N-arre-
TWiI-D-rajlakro3aMuHoM B OuoruieHke Desulfovibrio
sp. 10 u B. subtilis 36, 661710 B 3.8 11 6 pa3 COOTBETCTBEH-

HO OOJIBIIIE TI0 CpaBHEHMIO C JIEKTMHOM SBA, uTO CBU-
JIeTeJIbCTBOBAJIO O HEOOXOAMMOCTU MCCIIeA0OBaHUS
MaTpHKCa 3TUX KYyJIBTYp ¢ HauboJiee Jj1 HUX CIIeLIM-

Ta6auna 2. CBsI3bIBaHUE JEKTUHOB C YIJICBOIHBIMU KOMIIOHEHTAMU B OMOILJIEHKE™

Bbuomnnenka,
chopmMurpoBaHHas
OaKkTepUIMU

JlekTnH

LBA

SBA

STA

WGA

LSA

PSA

Con A

CrnennpuaHOCTh

N-anetmn-D-ranmakrozaMmuH

N-anetn-D-rimoko3aMuH

D-rmoko3a, D-maHHO3a

Desulfovibrio sp.10 178 £ 15* 47 £ 17 109 £ 30 69 + 32 217 13630 | 13£2
Bacillus subtilis 36 384 + 33 65+ 15 24 +7 100 £ 7 226 5120 | 32£12
Pseudomonas aeruginosa 27 53+24 47 £ 18 46 £ 16 132+ 11 152 2011 | 11£5
WckyccTBeHHAs acCoLAALs 151 £ 40 13£6 64+£15 33+ 8 29+6 25+6 4+1
* KomnuecTBO YacTUIl KOJUIOUITHOTO 30)10Ta/MKM2.

MPUKITAOHAA BUOXUMUA U MUKPOBHUOJIOTHUSA TtomM 49 Ne 5 2013
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TaﬁJmua 3. Cas3bIiBaHUE JIEKTUHOB C YIJI€BOAHBIMUY KOMITOHEHTAMM B CYCIICH3MOHHHDBIX Kyanyan*

JlekTuH
CycrieH3us1 LBA SBA STA WGA LSA PSA Con A
Gaxrepuit CnenuduaHOCTh

N-auerun-D-rajakro3aMuH

N-auetuin- D-rmoko3amMuH

D-rmoko3a, D-manHO3a

Desulfovibrio sp.10 494 + 117 133 £ 18 118 £33 10£+3 10+ 2 16 =4 12+6
Bacillus subtilis 36 128 £ 21 41 £ 38 33£12 29+ 14 8§t3 11+6 3+1
Pseudomonas 877 165 28+9 12+5 73 26 + 14 2+1
aeruginosa 27
HckyccTBeHHas 291 £ 91 8521 68 =21 17+9 812 103 4+1
accoluanus

* — Konmm4ecTBO 9acTUI] KOJUIOUIHOTO 3OJ'lOTa/MKM2,

¢uyHbIM JIekTHOM LBA. B 61omieHke, oopa3oBaH-
HOlt P. aeruginosa 27, KOJIUYECTBO YaCTHUILL KOJIJIOU I~
HOTO 30JI0Ta HE 3aBUCEJIO OT BUJIa JIEKTHMHA 1 ObLJIO MO~
9T oguHaKOBBIM 11t SBA m LBA, muimenssMu st
KOTOpPBIX ObUT N-aneTuia-D-ranakTro3aMuH, IMO3TOMY
JIJIsI BBISIBJIEHUSI B OUOIUJIEHKE TICEBAOMOHAJ, 3TOTO yT-
JIEBOJIa MOTYT OBITh UCITOJIb30BAaHBI 00a JICKTUHA.

Busyanuzanus csaspiBanus JektruHa LBA ¢ N-atie-
TWI- D-rajlakro3aMrMHOM, TIPOAYLIUPYEMOM OaKTepHsi-
MM B OMOTUIEHKE, TIpeacTaBjieHa Ha puc. 1, 2. Ha Bbine-
JIeHHOM (puc. 1a) 1 yBeJlmueHHOM (puc. 10) ygacTke oT-
nedaTtka ouoruteHku Desulfovibrio sp. 10 4eTko BuaHa
JoKanu3auus MedeHoro JiektmHa LBA Henmocpen-
CTBEHHO Ha MOBEPXHOCTHU KJIETKU 11 BO BHEKJICTOYHOM
marpukce. Ha mpenaparax oTreyaTkoB OuorieHKu Ba-
cillus subtilis 36 v P. aeruginosa 27 Takxe 3apUKCHUpPOBa-
HO pa3HOe KOJIWYECTBO CBSI3aHHBIX JIEKTUHOM 4a-
CTUII KOJUIOMIHOTO 30JI0Ta, YTO MMOATBEPKAaeT HaJlM -
yue N-auetwi-D-ranakrozamuna (puc. 2).

Jns BeisgBnenust N-aneTii- D-Ti1roKo3aMuHa 1C-
MOJb30BaHbI JIEKTUHEL KapTodenss STA u 3aBsaseid
neHubl WGA. CornacHo MoydYeHHBIM pe3yJIbra-
TaM ¢ yrjeBogaMu ouoruieHKu Desulfovibrio sp. 10,
aKTMBHEE Bcero B3aummopelicTBoBanl JieKTuH STA, a
s B. subtilis 36 u P. aeruginosa 27 6oiee crienudu-
4yeH JieKTuH WGA.

Js1 ompeneneHusT HEUTpaJbHBIX YIJIEBOAOB, a
nMeHHO D-maHHO3bI U D-TMI0KO3bI, IIPUMEHSIIA
JIEKTUHBI yedeBULIBI — LSA, ropoxa — PSA 1 KkoHKa-
HaBajuH A. HaubOoJiblliee KOJIMUYECTBO YaCTULL KOJI-
JIOUJTHOIO 30JI0Ta B 3K30IOJMMEPHOM MaTpUKCeE
BCEX MCCJICAYEeMbIX OMOIIJICHOK OBLIO BBISIBJICHO ITPU
ucnonbp3oBanuu jektuHa PSA. Jlektunel LSA n
KOHKaHaBaJIMH A B HE3HAYUTEJIILHOM KOJIMYECTBE
CBSI3BIBANINCh ¢ D-ManHO03011 n D-rmoko3o0ii. Tak,
KOJIMYECTBO YaCTUIL, KOJJTOUIHOTO 30JI0Ta JeKTUHA
PSA, cBszanHbIX B ouoruieHke Desulfovibrio sp. 10,
661710 B 6.5 1 10.5 pa3 6osiblile, 4YeM IIPU UCIIOIL30Ba-
Huu JJeKTuHOB LSA 11 Con A COOTBETCTBEHHO.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

CrenyeT OTMETUTh, YTO KOHKaHABaJIMH A SIBJISICT-
csl HanuOosiee PacIpOCTPAaHEHHBIM U IIMPOKO YIIO-
TpeOJIIEMBIM JTIEKTUHOM B OMOJIOTUYECKNX MCCIISIO-
BaHMsX [12]. OmHaKo, UCTIONB3YS €ro IS U3YYEeHUS
yrieBomHoro coctaBa DIIC Gakrepuii — KOMIIOHEH-
TOB KOPPO3MOHHO-aIpPEeCCUBHOIO COOOIIECTBA, MBI
yctaHOBWIM, 4To Con A MposIBIsLI HaMMEHbIIIEe
CPOICTBO K YIJIEBOIaM BO BCEX BapMaHTaxX OMBITA.
Bo3MoxHO, B nccaeayeMbIX 3K30ITOJIMMEPHBIX KOM-
TUIeKcax ObLIO Majo MMIIEHEH MMEHHO IJIsl 3TOTOo
JIEKTUHA.

PesynbraThl JIEKTMHCBSI3BIBAIOLLIETO aHaIu3a ISl
BU3yaIM3allii I[NIMKOKOHBIOIaTOB, IIPOLYLUAPYEMBIX
CYCIIEH3MOHHBIMU KYJIBTYypaMM, MPaKTUYECKU HE OT-
JIMYaJIMCh OT TaKOBBLIX B OuoruieHke. Haubosee crie-
ouUIHBIM 11 naeHTudukanum N-ateTtuin- D-1imro-
Ko3zamuHa o611 JIeKTUH STA, N-anermi- D-ramakrosa-
MuHa — ieKTuH LBA, a 111 onpeneneHust D-riioKo3bl
1 D-MaHHO3BI O0JIBIIE BCETO IMOAXOIMII JIEKTUH PSA
(ta6x. 3). Hanpumep, B OMomieHKe 1 CyCIIEH3MOHHOMI
kynerype Desulfovibrio sp. 10 nektuH LBA cBsi3bIBa
HauOoJbllIee KojauuecTBOo N-auetuii-D-ramakro3a-
MuHa 178 + 14.9 1 494 + 117 yacTU1I KOJUIOUIHOTO 30-
JIOTa COOTBETCTBEHHO. Busyanmzaiys CBSI3bIBaHUS
JnektTuHOB PSA, STA u LBA c yriieBonamMu, mpoayLu-
PYEMBIMM B 3K30II0JIMMEPE CYCIICH3MOHHOM KYJIBTY-
pbl Desulfovibrio sp. 10, mpeacTtaBieHa Ha puc. 3. Ya-
CTULIbI KOJUIOUIHOIO 30JI0Ta B pa3HOM KOJIUYECTBE
OOHapy>KeHbI Ha MOBEPXHOCTH KJIETKM M BO BHEKJIE-
TOYHOM MaTpUKCe.

TakuMm o00pa3oM, NpoBeACHHBIE MCCIICIOBAHUS
CBUJIETEJILCTBYIOT O TOM, YTO JIEKTUHBI C ONMHAKOBOM
YIJIEBOIHOM cIeM(pUIHOCTHIO B pa3HOM CTEIIEHM B3a-
MMOJIEMCTBOBAIN C yIJIEBOAAMU, COAECPXKAIIMMMCS B
9K30I0IMMepaxX OaKTeprili — KOMITOHEHTOB CYJIb(PuU-
JIOTEHHOT0 MUKpPOOHOro coobdiuectBa. IloaydeHHBbIE
pe3yJIbTaThl, IO BCEl BEPOSITHOCTH, MOXKHO OOBSICHUTh
KaK CBOMCTBAMM JIEKTUHOB, TaK U CTPYKTYpPOI yIJIEBO-
JIOB, SIBJISIFOLLIMXCSI MMILIEHBIO B M3y4aeMOli cCUCTeME.
Panee [22—24] ucciiemoBaTensiMu ObUIO ITOKA3aHO, YTO
B3aMMOACUCTBUE JICKTUHOB C YIJIEBOJAMU 3aBUCUT OT
Ne 5
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JEKTUHCBSA3BIBAIOLLIMN AHAJIW3 YIJIEBOJJHOTO COCTABA

CTPYKTYpPBI TIOCJENHUX: OT KOHMOpMallUU MUPAHO3-
HbIX 1 (pypaHO3HBIX (POPM MOHOCAXapUIHBIX OCTaT-
KOB, BXOJISIIIIMX B COCTaB yIJIEBOJHOM YacTU OUOMOJIM-
MEpOB, OT KOH(pUTypallMi aHOMEPHOTO 1IEHTPa MOHO-
caxapunoB (D- wiu L-dopMbl MUpaHO3HOTO KOJbLa
yIJIeBOMA), OT O~ WIM [-TIOJIOXKEHUS TIIMKO3UTHOU
cBsa3u nipu C;-no3unum MoHocaxapuaa. CrenoBa-
TeJbHO, K Hanboiee BaXKHBIM (paKTOpaM B3anMMO/IeH -
CTBUSI JIECKTMHOB C yTJIEBOJaMU CJI€IyeT OTHECTH Ta-
KMe, KaK cTepeocnelnUUHOCTb MPU CBA3bIBAHUU
MOHOCaXapuA0B C JEKTUHAMU, IPUCYTCTBUE WUJIU OT-
CYTCTBME KOOPAWOHAIIMOHHBIX CBSI3€i, BOTOPOIHBIX,
a Takke ruapodobHbix 1 Ban nep BaanbcoBble B3au-
MOJIEMCTBUA.

Kpowme Toro, npu uccienoBaHUM INIMKOKOHBIOTA-
ToB DIIC OmomieHKM in situ, mMeTtomom iryopec-
LIEHTHOTO JIEKTMHCBS3bIBAIOIIIETO aHaau3a, aBTopa-
MU TakxXe ObUIO YCTAaHOBJIEHO, YTO CHEeHU(MUIHOCTD
JIEKTMHA 3aBUCUT OT TIPUMEHSIEMOT0 KpacuTes, Uc-
MOJIb3YEMOTO 11 MApKUPOBKU JieKTHHA. [TokazaHo,
YTO Ha CeUn(GUIHOCTD JIEKTUHOB BJIMSIET KaK MpHU-
CYTCTBHE, TaK U mipupoaa ¢ayopoxpoma [16, 17].

MoxHO caeiraTh 3aKII09eHUE, 9TO BEIOMpAsT JIeK-
TUHBI JUISI BU3yaJIM3alluy YIJIEBOJOB B COCTaBe 3K30-
MOJIMMEPHOI0 MaTpUKCa, IIPOAYyLIMPYeMOro OaKTepu-
sIMU, HEOOXOIMMO OCHOBBIBAaThCSI HA OMOXMMUYECKUX
MCCJICIOBAHUSIX OK30MOJIMMEPOB U OCOOEHHOCTSX
0aKTepralIbHOM KYJIETYPHI, a TAKXKE YIUTHIBATh yIJIc-
BOOHYIO crnenudunIHocTh JiekTnHa. Ha ocHoBanum
CHeUM(PUIHOCTU JIGKTUHOB, MEUEHHBIX KOJUIOWI-
HBIM 30JI0TOM, HAaMU ObUIM BU3YyaJIM3UPOBAaHEI B COCTA-
Be OIIC uccienyeMbpIx OakTepuii HETpalIbHbIE YIJIe-
Bojbl — D-rnoko3a, D-MaHHO3a 1 aMMHOcaxapa —
N-auerwi-D-rmoko3amuH, N-auetwi-D-ranakrosa-
muyH. [lomoOHEBIE pe3ysiBraThl ObUIN ITOIYYEHBI C IIPH-
MeHEeHUEM (DJIYOPECLIEHTHOIO JIEKTMHCBSI3bIBAIOILIETO
aHanu3a [19]. UccrnenoBaTenssMyu ObLIO YCTAaHOBJIEHO,
uto B cocTaBe DI1C, mpoaympyeMbIX IMaHOOAKTEPHSI-
MU, COAEPKATCSl HEUTpaJIbHbIE YIJIEBOIbI, TAKUE, KaK
¢dpykTOo3a M rajakrosa, amMmuHocaxapa N-auetwi-D-
mmoko3aMuH, N-anetuia- D-ranakro3aMuH U CHajlo-
Bble KUCJIOTHI. C MOMOIIBI0O MEUYEHHBIX (PIYyOPOXpOo-
MaMU JIEKTMHOB MOKa3aHO, YTO OMOIUIEHKa, o0pa-
gytouasicsi Deinococcus geothermalis Ha HepxKaBeto-
IIel CTaJlu, MHTEHCUBHO B3aMMOICHCTBOBaJIa C
nekTuHoM WGA, 4TO CBUIETEIBCTBOBAJIO O HATUYMNU
N-auetuin-D-rmoko3amMuHa 1 N-alleTWICUAIOBOM
KMCJIOTHI [25].

Takum oO6pa3zoM, cpaBHUBasI MOJYYEHHbIE paHee
pe3yabTaTbl OMOXMMUYECKOTO UCCIeI0BaAHMS 3K30-
MOJIUMEPHOTO MaTpUKca, MPOAYLIUPYEMOTO KOMITO-
HEHTaMU CyJIb(MPUIOTeHHOTO MUKPOOHOTO COoO0DIIIe-
cTtBa [11] c TaHHBIMU JIEKTUHCBSI3BIBAIOIIETO aHAIV -
3a, MOXHO KOHCTaTUpPOBaTb, YTO HCIOJb30BaHUE
JIEKTUHOB, MEYEHHBIX KOJUIOUIHBIM 30JI0TOM, BO3-
MOXXHO JUISI TPEABAPUTETHHOTO BBISIBJICHUS Y JIOKAJTU -
3allMU YTJIEBOJOB B COCTaBE MNIMKOITOJIMMEPOB 3K30110-
JIMMEPHOTro MaTpuKca. JlomoTHUTETbHBIMU [TIOMEeXaMU
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MNpYMEHEHUs JIEKTUHCBSI3bIBAIOIIETO aHaIM3a SIBJISICT-
csl, B TIEPBYIO OYepedb, CIOXKHAS MPUpPOIa MaTpuKca
OMOIICHKH, a TAK3KEe BEPOSITHOCTh OTCYTCTBUSI MUIIIE-
HHU JJIS1 UCITOJIb3YEMOTrO JIEKTMHA, OTPOMHOE pa3HO-
oOpa3ue MOoTeHUMaIbHbIX KOMOWHALIUIA YTIJIEBOIOB.
YTOOKI UCKITIOUUTH HEKOTOPHIE HEOTIPEAEIEHHOCTH,,
Kaxxmasi OMOIUIEHOYHAsI CUCTEMa AOJKHA OBITh IIPO-
TeCTUpPOBaHA HAOOPOM Pa3JIMUHbBIX TEKTUHOB.

B T0 ke Bpems, B OoTJIM4MEe OT OMOXMMUYECKOTO
METOJa, JIEKTUHCBSI3bIBAIOIIUIA aHalu3 I103BOJISIET
MICCJIeIOBATh MTOJIHOCTBIO TUAPATUPOBAaHHbIE (HATUB-
HBI€) MATPUKChI B MOHO- 1 aCCOLIMATUBHBIX KYJIBTY-
pax GMOMJICHOK IJTISI BBISIBIEHUSI KAYeCTBEHHOTO yT-
JIEBOJHOTI'O COCTaBa, 0e3 BhIIEJICHUST MHAWBUIYATbHBIX
nonucaxapuaoB. TakuM o0pa3oM, JIEKTUHCBSI3BIBAIO-
LM aHAJIN3 MOXKET OBITh UCITOIB30BaH in Situ UTs UC-
cIeIOBaHMs pacnpenesieHs INIMKOIIOJIUMEPOB B MUK-
POOHBIX COODIIECTBAX.

HMcnonb3oBaHue yTjeBOAHON cCrelndUIHOCTU
JIEKTUHOB, MEYEHHBIX KOJUIOUJHBIM 30JI0TOM, TpHU
U3YyYEHUU YIJI€BOAOB, MPOAYLIMPYEMBIX OAKTEpUSsI-
MU, SBJsieTcs HauboJiee yaOOHOM, MOCTYIMHOW U
OBICTPOM YCJIOBHOM TECT-CHUCTEMOI, HEe Halollei,
OJHaKO, TTOJIHOM XapaKTEPUCTUKHU COCTaBa 3K30I0-
JIMMEPHOTO MaTpHUKca.

EcrecTBeHHO, 11T U3y4eHUs] OMOIJIEHOK LIEIeCO-
00pa3HO, HapsITy C JIGKTWHCBSI3BIBAIOIIMM aHaJIM-
30M, NIPUMEHSITh OMOXUMMNYECKIE METOIbI VICCIEH0-
BaHWSI, YTO MO3BOJIMT HE TOJBKO BU3YyaIM3MPOBaTh
JIOKaJIu3aLuio nmkonoaumepos B DI1C, Ho u omnpe-
JIEeJINTh X YIJIEBOOHKINM cocTaB. B 3TOM acriekTe no-
CTYITHBIE B HACTOSIIIIee BPeMs JJEKTUHBI MOTYT OBITh
LEHHBIM WHCTPYMEHTOM IUISI OLIeHKW paclipeielie-
HUSI ITTUKOITOJIMMEPOB B CIIOXKHBIX CUCTEMaX OMOTLIE-
HOK. JIeKTUHCBS3BIBAIOIIMNI aHAIM3 MOXHO TaKXKe
paccMaTpuBaTh KakK 3KCIPECC-METOH OIpeacecHUs
cocTaBa 3K30IMOJIMMEPHOTO MAaTPUKCA B ITOJTHOCTBIO
TUOPATUPOBAHHBIX W CIIOXKHBIX OMOIIEHOYHBIX CH-
cTeMax.
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Lectin- Binding Analysis of the Biofilm Exopolymeric Matrix
Carbohydrate Composition of Corrosion-Aggressive Bacteria

L. M. Purish, L. G. Asaulenko, D. R. Abdulina, S. I. Voychuk, and G. A. Iutynskaya

Zabolotny Institute of Microbiology and Virology, National Academy of Sciences of Ukraine, Kiev, Ukraine
e-mail: purish@serv.imv.kiev.ua
Received November 15, 2012

Abstract—The carbohydrate components of biofilms of corrosion-aggressive bacteria were studied by trans-
misstion electron microscopy using lectins labeled with colloidal gold. N-acetyl-D-glucosamine, N-acetyl-
D-galactosamine, and neutral carbohydrates D-glucose and D-mannose were found within the exopoly-
meric matrix. Lectins with equal carbohydrate specificity demonstrated different degrees of interaction with
the carbohydrate components of bacterial biofilms. To identify N-acetyl-D-galactosamine in biofilms of
Desulfovibrio sp. 10 and Bacillus subtilis 36, the LBA lectin appeared to be most specific; in the case of N-acetyl-
D-glucosamine in biofilms of B. subtilis 36 and Pseudomonas aeruginosa 27, the WGA lectin. During visual-
ization of neutral carbohydrates in the studied cultures, the PSA lectin was most specific. We have shown that
lectins labeled with colloidal gold could be used as an express method for the identification and localization
of carbohydrates in glycopolymers of the biofilm exopolymeric matrix.
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BIMAHUE AMMHOKUMCIIOTHBIX 3AMEH B MOJIEKVJIE
B-IVNIIOKO3UNJIA3bI U3 Thermotoga maritime HA TUIPOJIN3
N30DPJIIABOHOBBIX I'TIMKO31UJ1OB COU, CTABMJIBHOCTD
" KATAJINTUYECKUE CBOMCTBA
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TepmocradbuibHas B-rmroko3umasa (TmBglA) uz Thermotoga maritima — IepCeKTUBHBIN OMOKATAT3aTOP
IUTSE TIOTy4eHus M30(1aBOHOBBIX arTuKOHOB. g addekTuBHOTO THApPOM3a COeBbIX N30(hIaBOHOBBIX
KOHBIOTATOB HEOOXOAMM MOUCK (DePMEHTOB C BBICOKOU CIEeM(MUYHOCTBIO K IIPUPOIHBIM CyOCTpaTaM.
WM3yueHo BIMsIHUE aMUHOKUCIIOT, PACTIOIOXKEHHBIX B arJTMKOHCBS3bIBAIOIIEM KapMaHe ¢ HEKOHCEPBAaTUB-
HBIMM OCTaTKaMU CITeIM(MUYHBIX IpyMIl (pepMeHTa, MpUHAIIEXKAIIEero ceMeicTBy 1 MIMKO3UAruaposa3
(GH1), c ucntons3oBanueM TmBgIA (mukoro tTuna) us 7. maritima 1 TpeX MyTaHTHBIX, B KOTOPBIX OBLINA
npousBeAeHbl 3aMeHbl aMUHOKUCIOT — M1-TmBglA, M2-TmBglA u M1M2-TmBglA. Tpu MyTaHTHBIX
OeJiKa OBLIM BKCIIPeCCUPOBaHBI B Escherichia coli, BeImelIeHb U OXapaKTepu30BaHbl. MyTalliy IpUBEIN K
CIIBUTaM B 3HAYEHUSIX ONTUMAaJIbHOI TeMIiepaTypbl, TEPMOCTaAOMIBHOCTH, CY>XKEHUIO KpuBoi pH-3aBucu-
MOCTH B pe3yJibTare yaajJeHUsI MIOHU3MPOBaHHOU 60KOBOI 1enu. Bece myTanmu cHuKanm 3¢ heKTUBHOCTD
Karajiu3a, o OTHOUIEHHUIO K MPUPOJHBIM CyOCTpaTaM, TAKMM KakK IJIMKO3UJ CaJWIlIAHA, 10 CPABHEHUIO C
CHHETUIECKUM p-HUTPODEeHWI-3- D-IIToKompaHO3uIOM. DTO CBUIETEIBCTBYET O TOM, UYTO 3aMEHEHHBIE
aMUHOKMCJIIOTHI SIBJISIIOTCS KJIIOYEBBIMU, OMNPEASSIONIMMU CIeUM(PUIHOCTh K arTMKOHY. MeHbllas cTe-
MeHb TUIPOJIN3a TeHUCTenHA U Jana3zenHa pepmenTom M2-TmBglA, o cpaBHeHuto ¢ M 1-TmBglA, cBu-
JeTeJbCTBOBaJIA B MOJIb3y TOro, yTo octatku 1.400, A407 u E408 B TmBglA B Gosbliieii cTerieHu HEOOX0IM -
MBI JUISI TIPOSIBJICHUSI KaTAJIMTUYECKON aKTUBHOCTHU U CBSI3bIBAaHUSI COEBOTO M30(IIaBOHOBOTO INIMKO3M/A,

yem V170, A171, V173, G174, H180.
DOI: 10.7868/50555109913050152

HN30dhaaBoHbl — CTPYKTYPHBIE TOMOJIOTU YEJI0BE-
YeCKOIo 3CTPOTeHa, CYIEeCTBYIOT B BUE TJIMKO3UI0B
U B HaMOOJIbIIIEM KOJUYECTBE MPUCYTCTBYIOT B COE.
IITvpoko m3BeCTeH TOT (haKT, UYTO ICTPOTCHHAsT aK-
TUBHOCTb CO€BbIX M30(hJIABOHOB MOXKET MCMOJIb30-
BaTbCs B O3JJ0POBUTEJbHBIX 1IEJISIX, KPOME TOTO B 1i€-
JISIX TpOoUIaKTUKIA HEKOTOPBIX BUIOB paka [ 1], cHu-
JKEHUM PUCKA CepCUHO-COCYIUCThIX 3a00eBaHUN U
YAYJlIeHUs COCTOSTHUS KocTeit [2, 3]. M3odnaBoHO-
BbI€ aIVIMKOHBI 00JamaloT OoJjiee BBICOKOU (apma-
LIEBTUYECKON aKTUBHOCTbBIO, MO CPABHEHUIO C U30-
¢iraBoHOBEIMM TKo3ugamu [4, 5]. CnocoOHOCTh
MHOTHX 0aKTepPUATBHBIX ¥ TPUOHBIX [3-TIIIOKO3KIa3 K
TUAPOJIN3Y MOCTAEAHUX C 00pa30BaHUEM arJIMKOHOB —
MpeaMeT MHOTOUMCIIEHHBIX UCCICIOBAaHUI B MOCIIE/I -
Hue roapl. Hanbosee mepcrieKTUBHEBI IJIsI TIpUMEHe-
HUSI TepMOCTaOWIbHBIE [-Tmoko3uaasbl u3 Dictyo-
glomus turgidum, Sulfolobus solfataricus, Pyrococcus
Sfuriosus, Thermoanaerobacter ethanolicus v Thermoto-
ga maritime, obJlafalolliue BBICOKOW TUAPOIUTHYE-
CKOIl aKTUBHOCTBIO B OTHOIIIEHUM U30(IaBOHOBBIX

KoHbIOTaTOB [6—10]. PacTutenpHble B-rIroKO3Uaa36I
u3 Glycine max (soybean), Dalbergia nigrescens n Zea
mays (KyKypy3a) 6ojiee akTUBHBI C M30(hJITABOHOBBIMU
MIMKO3WIAMU, YEM C P-HUTPOMPEHWI-TIUKO3UIOM
(pH®T'), u runponmzoBain n30(pIaBOHOBEIC ITMKO3U-~
JIbI C BBICOKOI cTerneHblo adpdexkTuBHocTH [11—13].

HenaBHo ObL1M IpOBeASHBI MCCAEI0OBaHMS HEKO-
TOPBIX PACTUTENBHBIX [3-TIIOKO3Uga3 U3 OOOOBBIX,
MMHIAJS, a TAKXKEe U3 TepMOMUIbHBIX TPUOOB 1 0aK-
TepUii C LIEJIbIO CPAaBHEHMSI MX CLIOCOOHOCTH K TUAPO-
JIN3Y KOHBIOTAaTOB M30(JIAaBOHOB COM U3 COEBBIX 0O-
00B [9, 12, 14]. bbuin oOHapyXeHa pa3jiudus B TUJI-
poJin3e COeBbIX M30(JIABOHOB 3TUMM (DepMEeHTaAMM,
YTO CBUIETEIILCTBYET 00 MX Pa3IUIHON CIieIndpud-
HOCTHU K 3TUM cyocTtpaTtamM. OmHaKO HalllM 3HAHUS O
TOM, YTO OTIpeAeIsieT CIeuMUIHOCTD [3-TIIOKO3U-
JIa3bl K arJIMKOHAM Ha MOJIEKYJISIPHOM YPOBHE BechbMa
OrpaHMYeHBbI, XOTSI BO3MOXHOCTb U3MEHUTh CIICLIV-
¢uyHOCTL hepMEeHTA BaXkKHa JJIsI BBISICHEHUSI MeXa-
HM3Ma TUIPOIM3a U OMOTEXHOJIOTUYECKOTO MpUMeE-
HEeHUs (hepMeHTa.
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B nipenpimymieii paboTe OBII0 ITOKa3aHo, YTOo IPHUMe-
HEHME TepMOCTaOWIbHON P-rmoko3naasbl (TmBglA)
u3 T. maritima, 3pGhEKTUBHO TUAPOIUIYIOIIECH U30-
¢1aBOHOBBIE IMKO3WJbI, YBEJIUUMBAET COJAEPXKAHUE
130(IaBOHOBBIX arJTMKOHOB B COEBOI MyKe, UTO M03-
BOJISIET ITOJIy4YaTh aIsIMKOHEI B oHY craguio [ 10]. Takoii
MOJXON TIpearofaraeT MCIojib30BaHue (DEPMEHTOB C
BBICOKOM TepMOCTaOWIbHOCThIO. TmBglA MoxkeT ObITh
MepPCHEeKTUBHBIM OMOKATATU3aTOPOM MPU UCTOJIb30Ba-
HUU ee JJIs peajiu3aly crocoda OUMCTKU C TEpMU-
yecKoi 06padoTkoii. OgHako pepMEHT TUAPOTIU3Y-
eT u30o(JaBOHOBbIe KOHBIOTaThl MeHee 3(PhheKTUB-
HO dYeM m-HUTpodeHm-[-D-rmokonupano3un
(mH®T). B-rmoko3uaasa gpyroro tuna us Glycine
max (GmGH1) obGimagaeT BbICOKO# criemUpUIHO-
CTBIO K CO€BbIM M30(hJIaBOHOBBIM KOHBIOTaTam, 3¢h-
GEKTUBHO UX TUAPOIU3YH, 1o cpaBHeEHUIO ¢ MH®T,
MpY pa3HbIX YCIOBUs CBsI3biBaHUs [11]. BeisiBneHue
(akTOpOB, ONpenesIoNIUX pa3Iudurs B crieliuduy-
HOCTH [-TJIIOKO3UAa3 Pa3INnYHOTO MMPOUCXOXKICHUS
K arJIMKOHaM MMOMOXET pacKpbITh JeTall MeXaHU3-
Ma KaTaJiu3a, UTo, B CBOIO 0Uepe/ib, TO3BOJIUT paliv-
OHAJILHO ONITUMU3UPOBATH UX CYOCTPATHYIO CIIELIM-
(GUYHOCTH K U30(hJIABOHOBBIM TJTMKO3UIAM.

B-rmoko3unaza (K® 3.2.1.21, TmBglA) npuHan-
JIEXKUT K ceMelcTBy 1 rmuko3ua-ruaponas (GH1) u
KaTaJIM3UPYeT TUAPOJU3 [-TIIOKO3UIHBIX CBSI3E C
CoxpaHEeHMEM aHOMEpHO# KoHdurypanun. Meto-
JIOM PEHTTeHOCTPYKTYPHOIO aHaJiu3a Oblia omnpese-
JIEHa TpeXMepHas CTpyKTypa 3Toro pepmenra. [Toka-
3aHO, 4YTO (hepMEHT MMeeT KOH(pUIypalnio OOYKMH,
cocrosiiei u3 8 moBTopos o/B-cTpyKTyp [15]. B ce-
meiictBe TLNEP u ITENG gBAsTIOTCSI BEICOKO KOH-
CepBaTUBHBIMM IIENTUIHBIMMA (pparMeHTaMH, KOTO-
pble colepxKaT, B TOM YMCJI€ U JBa aMUKHUCIOTHBIX
ocratka Iy, ydacTBylomux B Katanusze — E166 u
E351 (mymepauus mo TmBglA, puc. 1). Ot amuHo-
KHCIOTHI pacrojioxeHa B B-nucTtax 4 u 7, U cocTaB-
JISIIOT 4acTh aKTUBHOIO LIEHTpa, UMeEIero gopmMy
KpaTtepa. Poib 3THX ocTaTKOB B KaTajau3e ObLjIa ycTa-
HOBJIEHA C MOMOIIBIO MyTareHes3a, a TakXXe ¢ ITOMO-
1[I0 MHTUOUTOPHBIX UCCIEA0BaHUN ¢ (hepMeHTaMU
cemeiicTBa 1 B-Tmoko3unas [16—18]. OgHako, mano
MU3BECTHO O TOM, KaK UMEHHO [-TJIIOKO3MAa3bl CBS-
3bIBalOT arjIMKoH. Ecliu cBs3bIBaOIIME caxap aMUHO-
KMCJIOTHBIE OCTAaTKHA BBICOKO KOHCEPBATHBHBI OIS
Bcex (hepMEeHTOB ceMeiicTBa 1, aMMHOKUCIIOTHI, pac-
MOJIOKEHHBIE B CBSI3bIBAIOIIEMCS C arJIMKOHOM Kap-
MaHe pa3JInvyaloTcs y pa3HbIX (hepMeHTOB (puc. 1).

Ha ocHoBaHUM cpaBHEHUSI aMUHOKMCIOTHOM T10-
clienoBaTeIbHOCTH (hepMEHTOB ceMelicTBa 1 m aHa-
m3a cTpykTtypHoit Monenn TmBglA Ob110 BRICKa3aHO
MPEAIogoXKeHUE, YTO CEAyIolue aMUHOKHUCIOCT-
HBIE OCTAaTKM Y4YacCTBYIOT B CBSI3bIBAHUM arjMKOHA
V170, V173, H180, A407 n E408. PaccmoTtpeHsI 3 mo-
TMOJTHUTEJIBHBIX aMMHOKHUCJIOTHBIX ocTaTtka Al71,
G174 u L400, koTopble TaK:Ke MOTYT BJIUSITh Ha CBSI3bI-
BaHME aIJIMKOHA, M KOTOPbIE PACIOJIOKEHBI B HEIIO-
cpencteeHHou 0m3oct oT TLNEP u ITENG motu-
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BoB B TmBglA. /1151 Toro, 4To0BI BEISIBUTH X BIIUSTHUC
Ha TUAPOJIM3 COEBBIX M30(JIABOHOBBIX INIMKO3UIOB,
CTaOWJIBHOCTh M KaTAIMTUYECKHE CBOMCTBA (hepMEeHTA
ObLIM OCYILECTBIEHBI MyTAallMM MO 3TUM aMHHOKHC-
JIOTHBIM OCTaTKaM W WCCJEIOBaH TMAPOJIU3 HCKYC-
ctBeHHoro cyoctpara mH®I 1 mprupomHoro riaMko3una
caimHa. DT CyOCTpaThl MMEIOT OOIIyI0 [-TIMKO-
3UIHYIO TPYIITY U pa3IndHbIe arJTAKOHOBBIE (hparMeH-
Tol. [lpoBeneHo wucciemoBaHue pH-3aBUCMMOCTU M
TePMUYECKOI CTAOWJIBHOCTU IIPY TMAPOJIN3E COEBBIX
130(]1aBOHOBBIX NTMKO3UA0B I1st TmBgIA nukoro tu-
na ¥ MyTaHTOB.

Llens paboTBl — MCcaenoBaTh, KaKMM 00pa3oM
AMWHOKMCJIOTHBIE OCTaTKH, CBSI3BIBAIOIINE arJIMKOH
U y4YyacTBYIOIME B Karajau3e, ONpelesiesioT CIelu-
¢pUIHOCTH HATUBHOTO (hepMeHTa.

METOJIUKA

Marepuansl. /175 sKcnpeccuu reHa [3-rjIloKO3u-
na3bl A UCIIOIb30BaIu taMM Escherichia coli M 109
(DE3) (“Promega”, CIIIA). Ien us T. maritima sKc-
npeccupoBaiu ¢ nomoiubto T; PHK-nonumepasHoii
cucteMbl aknpeccuu ¢ masmuaoit pET-20b (“Nova-
gen”, CIIIA)

Knerku xynstuBupoBaau npu 37°C B cpene Jly-
pua-bepranu (LB), B mpucyTcTBUM aMOULMWJIINHA
(100 mkr/™mi). JHK-Mmoouduimpyionme hepMeHTE
n moaumMepasbl ObITM TToaydeHbl M3 “Takara” (Ku-
Tait), p-Hutpodenon, pH®I, canuuuH, cTaHIaAPTHI
n30(QJIaBOHOB, JauA3E€UMH M TeHUCTenH — “Sigma”
(CIIIA).

JHK-manunynsiuuun. Manunyssiuu ¢ JIHK mpo-
BOIWIN B COOTBETCTBUM C paHEe OIIMCAaHHLIMU IIPO-
tokoaamu [19]. AHK TpaHchopmaimio mpoBOaMIn C
ncnojir3oBaHnneM Habopa GenePulser (“Bio-Rad”,
CIIA). IMnasmuanas IHK u nponyktel ITHP 6bu1n
BBIZIEJICHbl M OUYMINCHBI C MCIIOJb30BaHMeM Qiagen
plasmid kit u PCR purification kit (“Qiagen”, USA).
IT1LIP npoBomnuiu B npubope PE Applied Biosystems
9700 thermal cycler (“Foster City”, USA) ¢ ucmnosb-
30BaHMEM CTaHIAPTHBIX YCIOBUI IsI MPOBEACHUS
peakLuu.

ITonyuenne miasmMua, CoAepKAIMMUX MyTAHTHBI TeH.
JAwnzaiiH T1a3MMIbl OCYIIECTBIISUIM COIVIACHO CTaH-
JapTHBIM TTpoToKoyiaM [19]. Ten B-rmoko3unasbl A 13
T. maritima, bglA, o0cHOBbIBasiCh Ha 3asiBJIEHHOM B FeH-
6anke (Genbank, X74163), 66u1 aMuinUIUPOBaH U
JIMTUPOBAH B caliThl pecTpukiimu Eco RV u Pstl rinaz-
muabsl pET-20b, koTopasi HazBaHa pET-20b-Tm BglA.
B kauecTBe mpaiiMepoB OBIJIM MCITIOJIBL30BAHBI UETHIPE
CUHTETUYECKMX OJIUTO/IE30KCUpUOOHyKiIeoTuaa Pl,
P2, P3 u P4 ning 3aMeHBI KOMOHOB aMIHOKMCITOTHBIX
ocrtatrkoB V170, Al171, V173, G174, H180, 1400,
A407 u E408 B TmBgIA Ha komoHbl AAA, CCA, AAA,
AGC, AAA, AAA n CGC (tabm. 1). Bce omuronyk-
JICOTUIBI OBLIA CUHTE3MPOBaHHI B “Sangon” (Shang-
hai, Kwrait). TILP-amruudpukaiyss nOpoBoauIach
Ne 5
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Puc. 1. ComnocraBieHre aMUHOKUCIIOTHOM TtocienoBateibHOCT TmBgIA T. maritima (X74163) ¢ ipyrumMu rocjieioBaTeIbHO-
cTsiMu cemeiicTBa 1 B-mmoko3ugassl. ConocTabieHsl cienytonie GepMeHThl (perucTpalimoHHbIil HoMep): ZmGH1 — B-rto-
ko3uzaasza u3 Zea mays (AAA65946); DnGH1 — B-rmoko3unasa us Dalbergia nigrescens (AY766303); GmGH1 — B-rmoko3u-
naza u3 Glycine max (AB259819); SsSGH1: — B-rmoko3unasa us Sulfolobus solfataricus(P22498) u PfGH1 — B-rmoko3unassl u3
Pyrococcus furiosus (AAC25555). AMMHOKHCIOTBI, 0003HAYEHHbIE CTPEJIKAMU, OB BEIOPAHBI U151 HAMTPABJICHHOTO MyTareHe-
3a. BeICOKOKOHCEpBAaTUBHBIC WIN ITOIOOHBIE AMUHOKVCIIOTHI 3-TTIOKO3UIA3bl BBIACICHHbIE CILIOIIHBIM WJIA CEPBIM COOTBET-
ctBeHHO. BricokokoHcepBaTuBHbIe MOTUBBI TENEP u ITENG nmanbl B IpSIMOYTOJIbHMKAX, COOTBETCTBYIOIINE KaTaIuTHYC-
CKHM€ aMUHOKHUCIIOTHBIE OCTAaTKHM OTMEYEeHBI 3Be310UKoi. CaxapCBs3bIBalOIIMEe aMUHOKUCIOTHBIE OCTAaTKU 0003HAYEHBI KPY-

KOYKaMM.

nporpaMMoin 13 35 IIMKIOB C UCHOIb30BaHUEM Py-
Kuraii) B
50 MKJT peakKIIMOHHOI cMmecH, coaepxKaiieit 0.2 MM

robest JTHK momumepassr (“TaKaRa”,
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Kaxgporo tTHT®, 20—35 mMonb Kaxkaoro IpaiiMepa u
0.05 Mkr mtasmuasl pET-20b- 7 BglA. Kaxkablii UK
cocrosir: HarpeBaHue ripu 95°C 5 muH, 94°C B TeueHUE
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XUE u np.

Taﬁmma 1. HyKI[COTI/I,Z[HbIe IIOCJICA0OBATCJIbHOCTHU UCITOJIb30BaAHbIX npaﬁMepOB

[Ipaiimep Hyxneotnanas mocnenoBaTeabHOCTD (5'-3")* 3aMeHsIeMasi aMUHOKMCIIOTa
P1 TTT AGC(GTGGGG) KAT CTG V173E G174S, H180F
TAC GGA GTC TTT(CAC) GCT
CCT GGA ATG AGA GAT
P2 TAT GGT AAA(GGCAAC) AAC V170F, A171T
CCA CGG TTC GTT CAAGGT
GAT CCA GTT CTT CAC
P3 GAATGG TTT GCG (GCAGAG) A407F, E408A
GGA TAT TCC AAG AGATTT
GG
P4 GAA ATT GTC AAA(GAG) GAG L400F
CGA CCA GAC GAA GTA

* HyKJIeOTI/IHbI B CKOOKax — HaTUBHbIE HYKJICOTUIbI camnToB MyTalvu. KprI/IBOM TTOKa3aHbI HYKJICOTHUALI ITOCJIC MyTalluN. HyKHCOTI/I-
JIbl B CKOOKAaxX ObLIM 3aMEHEHbI Ha HYKJICOTUBI, MTOKa3aHHbIC KYPCHUBOM.

50 ¢, 50°C 40 ¢ u 72°C 2 muH 30 c. ITHP-nipomyKThl
OUMILIAJIM C HCMOJIb30BaHWEM Habopa ISl OYMCTKa
npomykToB ITIHP “QIAquick PCR” u npoBogmiu ¢poc-
datupoBaHue ¢ T4 MOJIMHYKICOTUAKUHA3ZOM, TUTUPO-
Basin B T, akcnpeccuoHHblii BekTop pET-20b, ¢ mony-
yeHueMm pET-20b-m1-TmBglA, pET-20b-m2-TmBglA,
pET-20b-mIm2-TmBglA. O4ucTKy peKOMOMHAHTHBIX
TUTa3MUJI TIPOBOAMIN € MOMOIIbI0 Habopa QIAmini-
prep kit (“Qiagen”, CIIIA). BctaBku 3aTeM CeKBEeHU -
poBanu B Biological Services Unit of Shang Hai
(Kurait). HykieotTuaHass ¥ aMMHOKMCIIOTHAs TMO-
cJie10BaTeJIbHOCTHY ObLIU MPOaHaIU3UPOBaHbI C UC-
MOJIb30BaHWEM ITpOrpaMMHOro odecreueHnss Dna-
man Bepcuu 6.0 (“Lynnon Biosoft”, CILIA).

Okcnpeccus u ounctka. Kierku E. coli IM109
(DE3) Obumn TpaHC(OPMHUPOBAHBI COOTBETCTBYIO-
UMM BeKTopamu 3kcrnpeccuu pET-20b-TmBglA,
pET-20b-m1-TmBglA, pET-20b-m2-TmBglA and
pET-20b-m Im2-TmBglA n BeIpamiensl npu 37°C B
100 mna B cpeae LB, comepxarneii 100 MKr/mi1 aMmniu-
uuuinHa. KileTku MHOynyMpoBaid Mpy AOCTUXKEHUU
s3HadeHust 0Dy, 0.6—0.8 mobapmenmem 0.25 MM n30-
npormuaTro-f-ranakrompanosuna (MUITTT), mocie
Yyero BbIpallliBaHUE MPOJOLKAIM B TedeHue 10 u.
Kietku cobupanu neHrpudyrupopanrem mnpu 9600 x
x g 1ipu 4°C B TeyeHue 20 MmuH. Ocagok cycreH3upoBa-
Ju B Oydepe st cBs3biBaHUs (5 MM umMmugaszona u
0.5 M NacCl, 20 MM tpuc-HCI, pH 7.9), npoBogunu
mu3uc 3 uukiaamu Ha dpeHu-mpecce (“Thermo Elec-
tron”, CIITA), mojryYeHHbI roMOreHaT 3aTeM LIEHTPU-
dyrupoBaym ipu 9600 x g, ipu 4°C 30 muH. [Tocie
TEpMHUYECKOI 00paboTkM B TeueHue 20 MHWH TipH
70°C 6enkoBbIe DpaKIy COONPAIV HEeHTPUGYTUPO-
BaHMEM U HaHOCUJW Ha KOJIOHKY JJisI MeTajli-ad-
¢uHHOM Xpomarorpacdpuu, 3anoiHeHHYIO0 ¢ Ni-xe-
natHoii cmouioi (“Novagen”, CIIIA). HecsizaBuiue-
cs OeJIKM DJIIOUPOBAIM CBSI3bIBAIOIIUM Oydepom,
rocJje yero yepe3 KOJOHKY MpoIyckanu oydep ais
npoMbiBauust (60 MM umwupazon, 0.5 M NaCl B
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20 MM tpuc-HCI, pH 7.9). ®epMeHTbI AMKOTO TUIA
U MYTaHTHBIE C TUCTUAUHOBOM METKOU CMbIBaIU OY-
depom aiist samoupoBanus (1.0 M umungazon, 0.5 M
NaCl B 20 MM Ttpuc-HCI, pH 7.9), cobupanu u uc-
MOJB30BaAJIU [JIs1 Mocenyoliero aHanusa B [TAAT ¢
Na-JJC B 10%-HOM NoJIMakKpUIaMUAIHOM pa3aessi-
fo1eM reiie U 4%-HOM KOHIICHTPHPYIOIIEM.

Onpenenenne (epMEeHTATUBHONW AKTHMBHOCTH. AK-
TUBHOCTD [3-TTIOKO3MIa3bl OLIEHUBAJIU IO 00pa3oBa-
HUlo mn-HuTpodeHona u3z nHDPI. PeakimoHHas
cMech cogepxkana 10 MK (pepMeHTa COOTBETCTBYIO-
miero pa3pegeHust, 170 mxia 0.1 M kanuii-¢ranaTHO-
ro 6ydpepa (K®b, pH 6.2) u 20 Mk pacTtBopa cy6-
crpata (20 MM nH®T). [ocite nukyoauyu npu 65°C
B TeUEHME 5 MUH peaKIMio OCTaHABIMBaIU J00aBIIe-
Huem 0.6 mut 1.0 M Na,CO;, u peructpupoBaiu Dys.
CranmapTHasi KpuBasi ObUla IOJIydeHa C MCIOJIb30Ba-
HUeM M-HuTpodeHona. EnuHuity aktuBHocTH TmBgIA
U MYTaHTHBIX OEJIKOB OMNpenessyid KaKk KOJIUYECTBO
depMeHTa, HeoOXoauMoe I 00pa3oBaHus 1| MKMOJIb
M-HUTpodeHo1a 3a 1 MUH.

AKTHUBHOCTh [-TJIIOKO3UIa3bl B pEaKkiluM TUAPO-
JIn3a C CaJIULIMHOM B KadyecTBe cyOcTpaTta onpeaessi-
JI, aHAJIM3UPYSI KOIUYECTBO OCBOOOIMBILIEHACS TJIIO-
Ko3bl (“Sigma”, CIIIA) B COOTBETCTBUM C MO~
LIMPOBaHHBIM MeTomoM [9]. PeakllMOHHYIO CMecCh
(0.1 M), comepxarryo 1.0 MM caauuun, 50 MM
K®B (pH 6.2) 1 ¢epMeHT, pa3BeeHHBII B TOM Xe
oydepe, THKYOHMPOBaIU IMPX HEOOXOAUMOM 151 TIPOTE-
KaHUsI peakiiu Temrieparype B TedeHue 10 muH. Peak-
LIMIO OCTaHaBIUBaIX gooasyieHus 0.75 M1 3,5-1UHUT-
POCaJTUIIMIIOBOI KMCIOTBI, PEaKIIMOHHYIO CMECh KUTISI-
TUJIU 5 MUH, OXJIAXXIAJIM Ha JISASTHON OaHe 1 N3MepsLIn
D5, [20]. depMeHTaTUBHYIO aKTUBHOCTb BbIpaXKaiv B
MexXXayHapoaHbix enuHuiiax (Ex.), Kak KoJM4ecTBO
depMeHTa, HeoOXoaMMOe IJIsI 00pa3oBaHUs 1| MKMOJIb
JIIOKO3bI 32 1 MUH.
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Onpenenenne KoHeHTpanun 0eaka. OOIIyI0 KOH-
LICHTpalLII0 OejKa omnpenessyiu 1o meTtony bpan-
dopa ¢ ucnonszoBanueM BCA (“Sigma”, CIIIA) B
KauecTBe cTtaHmapra [21].

KuneTtuyeckue mnapametrpsl. [ omnpeneaeHUs
kuHeTnyeckux mnapameTpoB (Ky, Ve Kwat/Km)>
CKOpOCTb (EPMEHTATUBHOW peaklud U3MEepPsUIn
MpU ONTUMAJIBHBIX KOHIEHTpalLUsSIX CYOCTpaTOB.
Jisi canuimHa MCMOJb30BaJIM MHTEPBaJ KOHIIEH-
tpauuii 2.0—20 MM, n i1 mTH®I untepsai ot 0.2 1o
2.0 MM. Kunernmyeckue napamerpbl (K, U V.o),
omnpenesid Mo ypaBHeHMIO Muxasnuca-MeHTeH B
koopauHaTax JlamHyBepa-bepka. [TapameTpsr,ompene-
Jsioiiie 3dekTuBHOCTL Mpoliecca K,,/Ky, Obuin
paccuuTaHbl MPU OMPEAeIeHUN CyOCTpaTHOM CITelu-
duyHocTH W1 Kaxaoro gepmenTa. [t pacyera k.,
WUCTIONB30BAIM ~ 3HAYEHME  MOJIEKYJISIPHO  MaccChl
52338 da nnst TmBglA. Kaxnaplit 3KcnepuMeHT ObLT
MPOBECH ABaXKIbl, U KAXKI0€ U3MEePEHME MTPOBOAUIN
B 3 noBTOpHOCTSX. OTHOCUTEJIbHOE CTaHJApPTHOE OT-
KJIOHEHUE He MpeBbIIaio 2%.

3aBucumocth oTr pH M TemMmeparypsl, TepmocTa-
OmIbHOCTH -rmoKo3uaassl. ONTUMabHOE 3HAUYEHUE
pH 111 neiicTBus (pepMeHTa ONpeaessiiv, UCTIONb3YS
0.1 M ¢ranar-umunazoibHbiit Oydep (PHUB), B uH-
tepBaie oT 3.4 mo 8.2 mpu 80°C. 3HayeHUE OITH-
MaJIbHOI TeMIIepaTyphbl ONPEACIsJIN TIPU ONTUMATb-
HoM pH. ATMKBOTEI OYMILIEHHOTO OeJIKa MHKYOUPO-
BaJIM IIPM pa3INYHbBIX TeMItepaTypax (ot 50 mo 95°C),
IOCJIe Yero aKTUBHOCTh [-TJIIOKO3UAA3hl OIpeaess-
JIM, KakK 3To omnucaHo Hike. CaMylo BBICOKYIO OCTa-
TOYHYIO aKTUBHOCTh npuHuMaiu 3a 100%. J1ns ompe-
JeJIeHUST TEPMOCTAOMIIBHOCTH OYUIIIEHHBIE (DEPMEHTHI
MnpeaBapuTeIbHO MHKYOMpPOBaId MpPU ONTUMaJIbHOM
pH u paznmuuHoit teMneparype ot 45 1o 95°C B Teue-
HHe 1 94 6e3 cyocTparta, Imocie YeTro oxXaaxkaaan Ha Jie-
JIsTHOM 0aHe W MPOBOIWIM U3MEPEHUE aKTUBHOCTHU
(GEepMEHTOB B OIITUMAJILHBIX YCJIOBUSIX, KaK 3TO OIU-
CaHO BBIIIE. AKTUBHOCTh pepMeHTa 0e3 IpeaBapu-
TeJIbHOM MHKyOauuu npuHumanu 3a 100%. dias uc-
cienoBanusl pH-crabmibHOCTM OYMILIEHHBIE Gep-
MeHTBI MHKyOoupoBaiu B 0.1 M U B npu pasanyHbIX
3HayeHusx pH ot 3.8 1o 8.2 B Teuenue 1 4 npu 37°C,
3aTeM OTOOpaHHbIE AJTMKBOTHI BHOCWUJIU B CTaHIApPT-
HYIO pEeaKIIMOHHYIO CMeCh IJIsI OIIPEeAcIeHMs OCTa-
TOYHOI aKTUBHOCTU (pepMeHTa. AKTUBHOCTH ep-
MeHTa 0e3 IIpeaBapuTeIbHON NHKYOAIuy IIpUHIMA-
s 3a 100%.

Tuapoaus u3od1aBoOHOBLIX NIMKO3UAOB. [1Jis1 cpaB-
HEHUS TUAPOJUTUUECKON aKTUBHOCTU 3 MYTaHTHBIX
dEepMEHTOB B peaKlIMu ¢ M30(IaBOHOBLIMU TJIMKO-
zunamu 0.1 MKkM nmava3enHa WM FeHUCTeWHA WHKY-
OMPOBAJIM C OTHUM U3 BbIJIEJIEHHBIX MyTaHTHBIX (hep-
meHTOB (TmBglA, MI1-TmBglA, M2-TmBglA u
M1M2-TmBglA) B 50 MM ®KbB 6ydepe (pH 6.2).
PeakuimoHHy10 cMech BbLIEpPXUBaIU B TepMocTaTe
npu temriepatrype 70°C B reuenue 40 muH u 1 4. Mc-
MOJIb30BAJIM pPaBHbIE MOJISIDHbIE KOHIIEHTpAlUU
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4 (bepMEHTOB C TeM, YTOOBI UCCICIOBATh NX d(PPeK-
TUBHOCTbB B peaKlIMU TUIPOJIn3a ¢ U30(hJIaBOHOBBIMU
mMKo3uaaMu. Peakiimy ObLTM OCTAHOBJIEHBI OXJia-
KIEHUEM BO JibAy Tiepen u3aMmepeHueM. Iuaponuso-
BaHHbIE PACTBOPbI 3KCTparupoBanu 80%-HbIM MeTa-
HOJIOM TTPU KOMHATHOM TeMIiepaType B TeueHue 1 4.
MeTaHONMBHBINA 3KCTPaKT LIEHTPUGDYTUPOBAIU TIpU
13000 g B Teuenue 20 MuH. CTereHb rTUApOIr3a TauI-
3eMHa U FeHUCTeWHa OMNPeaesiii METOAOM TOHKO-
cioitnoit xpomarorpadpuu (TCX) ¢ ucrnoib3oBaHEM
cuwmukareirst 60 F254 (“Yantai Jiangyou Silica Gel De-
velopment Co.”, Kurait) [12]. ATUKBOTHI METaHOb-
HOT'0 BKCTpaKTa HaHOCUJIU Ha IIacTUHBI. J1J1s1 paszne-
JIEHUSI UCTIOJIb30BAJIM CMECH ITUJIalleTaT—OyTaHOI—
meTaHoia—Boaa (10:7:1:1,006./006.). Peayasrar pa3-
JIleJIeHUsl BellleCTB Ha TJlacTMHax Habomalu mpu
OD;s,.

PE3VYIJIBTATbI 1 UX OBCYXIEHUE

KoncrpynpoBanue, 3Kcnpeccusi ¥ BblIeJeHHE MY-
TaHTHbIX (pepMeHTOB. BbHUIM CO3AaHBI TpU BeKTOpa
9KCIIPEeCcCUy, KOAUPYIOIINEe U3MEHEHHYIO [3-TJIIOKO-
3unasy. HykimeorumHasi TocienoBaTe/IbHOCTb Kax-
OW MYTaHTHOU [3-TTIOKO3WMIa3bl A ObIIa TOATBEP-
XKrneHa MeTtogoM cekBeHupoBaHus JJHK. @epmeHThI
TmBglA, ZmGH1 u GmGHI1 obnaganu pa3iuyHbIM
CPOJCTBOM KaK K MPUPOIHBIM (PJIaBOHOUAHBIM TJIM-
Ko3uaaM, Tak u TH®PT, moaToMy aMUHOKUCIOTHBIE
ocratku V170, A171, V173, G174 u H180 611 13-
MEHEHbl Ha COOTBETCBYIOIIME AaMMHOKHWCIOTHBIE
octarkn n3 ZmGH1 depmenTa, T.e. OBIIIN TIPON3BE-
IeHbl cnemytomue 3amensl V170F /A171T /V173F/
G174S /H180F INonydyeHHbIi 6e10K ObLT 0003HAUEH
MI1-TmBglA. AmuHokuciaotaele octatrku 1400,
A407 n E408 Obu1n 3aMeHEHBI Ha COOTBETCTBYIOIINE
octarku B GmGH1, nyreM nmpousBeaeHE CIIEAYIO-
mux 3ameH: L400F /A407F /E408A. IlomyyeHHBII
oenok obo3Hauman M2-TmBglA. JIBoiHOI MyTaHT
(V170F /A171T /V173F /G174S /H180F /L400F
/A407F/E408A) 6bu1 HazBan M1M2-TmBglA. Amu-
HOKMUCJIOTHBbIE  TIOCJIEIOBATEIbHOCTA ~ M3MEHEHHbBIX
YYaCTKOB TTOKa3aHbl Ha puc. 1. MyTaHTHBIE (hepMEHTHI
M AVKOTO TUTA SKCIIPecCUpoBaiu B E. coli, BbIAEISUM C
noMmoipbio Ni-adduHHON xpomatorpaduu. Ilomy-
YeHHBbIe OeJIKU TIPOSIBJSIIUCh Ha 3jieKTpodopese B
TTAAT ¢ Na-J1/1C B BuIe OOTHOI MOJIOCHI, COOTBET-
CTBYIOLIIEH OENIKy C MOJIEKYJIsIpHOiI1 Maccoi 52 k/la
(puc. 2).

Kunernyeckue napaMeTpsl f-DII0K03UAa3 MYTAHT-
HbIX M Aukoro tuma. VccienoBaHbl KWMHETUUYECKUE
napaMeTpbl MyTaHTOB U (hepMeHTa JUKOTO TUIIA B pe-
aKIUM ¢ UCKYCCTBEHHBIM cyocTparoM MH®PI 1 npu-
pomHBIM cyOcTpaToM camumnuHoM. O0a cybOcTpara
MPUHAAJIEXaT K OHOU U TOM Xe rpymIe B-TIuKo3u-
JIOB, HO 00J1a1a10T pa3HbIMU arinkoHaMu. I[ToayyeH-
Hble pe3yJbTaThl MpUBeAEHBI B Ta0J. 2. 3HaueHus K|,
(MM) nnsg M1-TmBglA u M1M2-TmBglA, monydeH-
Hele ¢ cyocTtparoM nH®PI, — 1.14 u 1.06 cooTBeT-
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Puc. 2. Daexrpodope3 OUMIIEHHBIX -TIIOKO3MAA3 I~
koro Tuta u MmytaHToB B [TAAT ¢ Na-JI/1C. M — ctanmapTsl
MoJieKyJsipHoi Macchl; 1 — TmBgIA-WT, 2 — M1-TmBglA;
3—M2-TmBglA; 4 — M1M2-TmBglA. (3a uckimouyeHneMm
CTaHAApPTOB, HAHOCWIIM 110 2 MKT 0OejIKa).

CTBEHHO, BBIIIE, YeM UIST (hepMEeHTa ITHKOTO THIIA
0.44. 3nauenus K, (MM) mst M2-TmBglA — 0.54 He3Ha-
YUTENBHO BbILIE. 3HAYEHUS K, (1) st M2-TmBgIA u
MIM2-TmBglA — 94.3 1 18.7 COOTBETCTBEHHO, YTO
HIKe, yeM 1t ¢epMeHTa qukoro tuna (164.6), B To
Xe Bpemsd 3HadeHue k. s M1-TmBglA ocraocs 6e3
U3MEHeHUN. AHaJloTuYHO, 3HaYeHus1 K, (MM) mis
M1-TmBglA, M2-TmBglA, M1M2-TmBglA B peak-
OUU ¢ camnimHoM coctaBran 18.0, 18.3 1 18.2 cooT-
BETCTBEHHO, YTO OBLIO BBIIIE, YeM T hepMeHTa
nukoro tuna (12.4), npu 3ToM 3HaYeHUs K, ,,, MOTyYECH-
Hele 1t M1-TmBglA, M2-TmBglA, M1M2-TmBgIA B
peakuMyu C caluliMHOM, cocTaBwin 24.6, 344 u
2.33 ¢! COOTBETCBEHHO, YTO 3HAYUTEIBHO HUXE 11O
CpPaBHEHUIO CO 3HaYeHHMEM T hepMeHTa TUKOTO
tumna (167.7). 3navenus k,,,/K, (¢c-' MM~"), mony-
yeHHbie st M1-TmBglA, M2-TmBglA, M1M2-Tm-
BglA B peakiiuu ¢ tH®T u canuiHoM, 6611u 141.5

n1.35;1.83m173.1;17.41 0.12 cooTBeTCTBEHHO, IJIsI
depmeHTa mTaMMa qukoro tiia 366.3 u 13.2. Takum
o0pa3oM, y OETKOB MYTAaHTOB OBIJIO OOHApPYKEHO
cHUXeHue 3(HEKTUBHOCTU KaTaau3a, YTO MPOSIBIISI-
JIOCh B OOJIbIIICH CTENEHU TIPU UCMOJb30BaHUM B Ka-
4ecTBe CyOcTpaTa caJIMI[uHa, IT0 CPAaBHEHUIO C UCKYC-
CTBEHHbBIM CyOCTpaTOM.

3aBUCHMOCTb AKTUBHOCTH MYTAHTHO# [}-IIIOKO3UIa-
3bl M IMKOTO THIIA OT Temmnepatypbl M pH. 3aBucumoctb
AKTUBHOCTU MyTaHTaHTHbIX (PEPMEHTOB U IMKOTO TUTIA
ot pH nokazansl Ha puc. 3 (a, B). 111 pepmeHTa 1KOro
tina u Juist Mytanta M 1-TmBglA pH-onrtumym Habi0-
nJamu B uHTepBaie pH 5.0—6.5 1 5.5—6.5 cooTBETCTBEH-
Ho. OntuManbHoe 3HaueHueM pH mwiss M2-TmBglA u
MIM2-TmBglA — 6.2. O6HapyXeHO CYyKeHHE WH-
tepBasia pH, npu KoTopoM ¢epMeHT MNpOosIBISLI
HauOOJbIIYI0O aKTUBHOCTh, MpU KUCAbIX pH ms
myTaHTOB M 1-TmBglA u M2-TmBglA. /Insg myTtaH-
ta MIM2-TmBglA 0BT XapakTepHO Cy>KeHUE OII-
TUMajabHOTO 3HaueHus pH B obGiacTu 3HaAYeHU
KaK HU3KUX, TaK U 0oJjiee BeicOKUX pH. AHajmornyHo,
ObL10 OOHapyxeHo, uyTo M1-TmBglA oGnaman Hau-
OoJpIlIell cTaOMIBHOCTBIO B auana3zoHe pH 4.2—8.3.
CrabuibsHocTh M 1-TmBglA 6bi1a BhIlIe, 4eM y (pep-
MmeHTa aukoro Tuma u M2-TmBglA. B mmamazone
pH 5.0—8.3 M1M2-TmBglA ob6naman 0oiee BBICO-
KOI CTaOMIBHOCTBIO, YeM (pepMEHTHI TUKOTO TUTIA U
M2-TmBglA. OnHako ymeHbIeHre 3HadeHUs pH Hinke
5.0 MpUBOIMIIO K PE3KOMY CHIZKEHWIO CTAOMITBHOCTH.

3HadeHe ONTUMATLHOM TEMIIEpaTyphl K TEPMOCTA-
OUILHOCTH MYTAHTOB IO CPaBHEHUIO C 3TUMM XKE Xa-
pakTepucTUKaMU pepMeHTa TUKOro TUTIA IT0Ka3aHa Ha
puc. 3 (0 u r). ®epmenT aukoro tuia, M1-TmBglA n
M2-TmBglA ob6mamany MaKCMMAaJIBHOM aKTUBHOCTBIO
npu 90, 85 u 80°C cooTBeTCTBEHHO. DTU (HEepMEHTHI
TakKe ObUIM CcTaOWIBHBL 10 85°C, 3a MCKIIOYEHUEM
depmenta M2-TmBglA, KOTOpEIii MOMHOCTHIO MHAK-
TuBupoBaicd Tipu 85°C. TemmepaTypHOil ONTUMYM
MIM2-Tm-BglA — 60°C, MyTaHTHBI (hepMEHT ObLI
cTabuyieH Tpu TeMreparypax Hwke 60°C u maxke mpu

Ta6mmoa 2. KuHetnveckue mapaMeTpsl 3-III0K031aa3 TUKOTO TUIIA U MyTaHTOB*

Cy6cTpar ®epMeHT Ky, MM Vaxes B Mr—! Kyeam» ¢! kyar/Kppy € MM

mH®T TmBglA 0.44 £ 0.01 205.8 £ 1.0 164.6 £ 2.5 366.3 £ 0.6
M1-TmBglA 1.14 £ 0.04 205.8 £ 2.5 164.6 2.5 141.5+29
M2- TmBglA 0.54 + 0.01 117.8 £ 3.1 94.3+0.8 173.1+ 1.7
MIM2-TmBglA 1.06 = 0.04 233104 18.7+0.3 17.4+0.3

CanuuuH TmBglA 124+0.3 209.6 £ 0.8 167.7 £ 0.6 13.2+£0.4
M1-TmBglA 18.0 £ 0.3 30.7+ 0.4 246+0.3 1.34 £ 0.02
M2-TmBglA 18.31£0.3 429 0.1 344 +0.1 1.83 £0.02
MI1M2-TmBglA 182+04 297 £0.1 2.33£0.04 0.12£0.00

* KnHeThYecKue nmapaMeTphl ONpeaesisuiv B mpeneiax KoHueHTpanuii 2.0—20 MM mis canunuia v 0.2—2.0 MM mist nH®T. IpencraB-

JICHHBI CPECOHUEC 3HAYCHUA 3 3KCIIEPUMEHTOB t CTaHIAPTHOE OTKJIOHEHUE.
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Puc. 3. 3aBUCMMOCTb aKTUBHOCTH MyTaHTHOU [3-Timoko3unassl M 1-TmBglA (7), M2-TmBglA (2), M1M2-TmBglA (3) u nu-
koro tuna (4) or pH (a), remneparypsl (6), pH-cTtadbuinbHOCTb (B) U TepMocTadbmiibHOCTH (T). [IpeacraBieHo cpenHee 3HaueHue

3 BKCIEePUMEHTOB, CTAaHAAPTHOE OTKJIOHEeHUE <2%.

65°C ero akTMBHOCTBb CHIMXaJIach Ha 20% OT MakcH-
MaJIbHOIA.

Tunpomms n30¢aBOHOBBIX IIMKO3UIOB. Pe3ynbra-
Thl MCCJIEIOBAaHUS TUAPOIM3a U30(IaBOHOUIHBIX
MJIMKO3UI0B (DEPMEHTAMU JUKOTO TUIA U MyTaHTHO-
ro TipejcTaBiieHbl Ha puc. 4. [ToaydyeHHbIE TUAPOIU-
3arbl aHanu3upoBaimu MetogoM TCX. JIBa HamboJee
WHTEHCUBHBIX ITSITHA, COOTBETCBYIOLINE TAUI3EUHY 1
reHucterny, yepe3 40 MuH peakiuu ¢ TmBglA 6buin
MpaKkTUYECKHU MOJIHOCThIO paciierneHbl. [1pu nmpose-
nenun peakuyu ¢ M1-TmBglA u M2-TmBglA Ha
TCX o6HapykeHO MPUCYTBUE OCTATKOB 3TUX BEIIECTB.
KonuuecTtBo gauazerHa UM T€HUWCTEMHA, OCTABIIMXCS
rocJjie MPOBEAEHUS] peakliMd TUIPOJIM3a B IMPUCYT-
crBun M1M2-TmBglA, okazaHo B puc. 4 (a, 6). I1o-
cie 60 MUTH MHKYOAIIMY THAPOJIN3 Janua3eHa B TIpU-
cyrcrBuu M1-TmBglA u M2-TmBglA n reHucrenna
B ripucyTcTBUM M 1-TmBglA 6511 3aBepiieH. OnHako
B PEaKIMOHHOW cMecH ¢ reHructemHoM u M2-TmBglA
HEKOTOPOE KOJIMYECTBO CyOCTpaTa OCTaBajloCh HEMPO-
TMIPOJIN30BaHHBIM. [Ipu mpoBeneHUU peakLuit

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

TUIPOJIN3a C TaUI3€MHOM U TeHUCTEMHOM B IIPUCYT-
crBun M1M2-TmBglA xonuuecTBO cybcTpaTa He
M3MEHSTOCH (puc. 4 B, T). Pe3yibrarsl Imokasanm, 9To
3(pPeKTUBHOCTH THAPOJIN3a N30(IaBOHOBBIX ITIOKO-
3unoB 1o aeiicteBueM M1-TmBglA u M2-TmBglA
CHITXKEHA, B OOJIBIIIEH CTelIeHN B peaKIIUM C TeHU-
CTEMHOM B KayecTBe cyOcCTpaTa B IPUCYTCTBUU
M2-TmBglA.

AMWHOKMCIIOTHBIE OCTaTKM, PACIOJIOXKEHHBIE B
CBSI3BIBAIOIIEM aIJIMKOH caliTe, ObUIM 3aMEHEHBI Ha
HEKOHCEepBaTUBHBIC OCTAaTKM, BCTpeUyalolIuecs: B ce-
meiictee 1 mukosua-ruaponad (GH1) apyrux opra-
HM3MOB. Kak moka3zaHo Ha puc. 1, B MoieKyie OeKa
TmBglA ObUIM OCyIIECTBJIEHBI 3aME€Hbl aMUHOKKC-
JIoTHBIX octaTkoB V170, A171, V173, G174, H180 Ha
COOTBETCTBYIOIIME OcTaTKu u3 (pepmenra ZmGH]1
Kykypy3bl: F, T, E S u F cooTBeTcTBeHHO. AMHHO-
kucaotHble octatky 1400, A407 n E408 F461 Gbuin
3aMEHEHbI Ha COOTBETCTBYIOIINE aMUHOKKCIIOTHBIC
octatku GmGH1 ¢pepmenTa con, ammernro F, F i1 A.
BausHue 3TuX 0cTaTKOB Ha CIEUUM(MPUUIHOCTD CBSI3bI-
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M1 ! 2 3 4

M2 ] 2 3 4

Puc. 4. TCX-aHaym3 IpoayKTOB IMAPOJIN3a 30(IJIaBOHOBBIX INIMKO3UIOB Naua3erHa (a, B) U TeHucTenHa (0, T) B IPUCYTCTBUM
B-rmoKo3uaa3 MyTaHTHOTO M IMKOTO TuMa B TedueHue 40 muH (a, 6) u 1 1 (B, r) ipu 65°C.

M1 — manmzeuH (craHaapt), M2 — reaucrenH (ctaHmapt), / — TmBglA, 2— M1-TmBglA, 3 — M2-TmBglA; 4 — M1M2-TmBglA.

BaHUS arjlMKOHa B HACTOsIIee BpeMsi He U3BECTHO.
YToOHI BBISIBUTH POJIb aMHHOKHMCIIOTHBIX OCTaTKOB,
pPACTONIOKEHHBIX B arJIMKOHCBSI3bIBAIOIIIEM KapMaHe
TmBglA, 6bu co3ganbl 3 myranTa (M1-TmBglA,
M2-TmBglA, MI1M2-TmBglA). Bce wmyraHTHEBIE
depMeHTBl 00jamaau KaTaJIWTUYECKOW aKTUBHO-
CTblO, UYTO CBUAETEIbCTBYET O TOM, YTO OPUTHUHAJIb-
HBIE OCTaTKH, PACITOJI0XEHHBIE B HEITOCPEICTBEHHOM
omuzoctu ot MotuBoB TLNEP m ITENG (V170,
Al171,V173, G174, H180, L400, A407 u E408) He ObI-
JIU HEOOXOIWMBI ISl 9KCIIPECCUU [3-TITIOKO3UIA3HI.
IlokazaHo, 4TO BBEJACHHBIE MYTAllMM TPUBEIU K
CIBUTaM B TeMIIEpaTypHOM ONTUMYMe (hepMEHTHBIX
06eIKOB, a TakKKe K YMEHBIITEHUIO TePMOCTaOMIBHO-
CTU Y TUIPOJIUTUUEKON aKTMBHOCTH TT0 OTHOIIIEHUIO
K nH®I u canuuuny.

Tpu M3MEeHEHHBIX B-TII0K03MAa3bl 001aganu 60-
Jiee HU3KOM ONTUMAaIbHOM TeMIEpaTypoOil U TepMU-
YeCKO CTaOUJIbHOCTHIO, YeM (PepMEHT AUKOTO TUTIA,
3a uckiaouyeHnem M1-TmBglA, crabuibHOCTH KOTO-
pOro TIPaKTUYECKN He OTIMIAIach OT CTAOMIIBHOCTH
HaTuBHOTO pepmeHTa. OCOOEHHO pPe3Koe CHIKEHUE

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOT A

ONTHUMAJIbHOM TeMmIepaTypbl U TEPMUUYECKOW CTa-
OMJIBHOCTBIO ObUTO OOHapyxeHo y M1M2-TmBglA,
YTO BBISBISIET KOMOWHUPOBAHHOE BO3IEUCTBUE
M1-TmBglA u M2-TmBglA. Ha ocHoBaHUM TOJYy-
YEeHHBIX Pe3yJbTaTOB MOXHO TPEINOoJOXUTh, 4YTO
MyTallu¥ aMUHOKUCJIOTHBIX OCTATKOB, PACTIONIOXEH -
HBIX B o0OiacTsx, npuiexamux MotuBaMm TLNEP u
ITENG (V170, A171, V173, G174, H180, L400, A407
u E408), BbI3bIBAIOT UBMEHEHUE CTPYKTYPHOI1 opra-
HU3alMu 6eJika U, COOTBETCTBEHHO, OKa3bIBAIOT BJIH-
SHUE Ha 3aBUCUMOCTb aKTUBHOCTHU (PEpMEHTOB OT
TeMneparypbl. MOXHO MpPeanoaoXuTb, YTO aMUHO-
KMCJIOTHBIE OCTAaTKU, OTBETCTBEHHBIE 3a TePMOCTa-
OwIbHOCTD (-TMtoKo3unasel A u3s 7. matitima, pac-
MPENEJIEHBI TI0 BCE aMUHOKMCIIOTHOM MOCJIenoBa-
TEJIbHOCTH, a HE JIOKAJIM30BaHbl B OINPENCICHHbIX
TOUKaX, YTO TMOATBEPXKIAeTCsS TaKXKe paHee OIyOJiu-
KOBaHHBIMM JaHHbIMU [22, 23].

TTonydeHHBIE pe3yJIbTaThl JalOT OCHOBAHUE TaKKe
MIPEaNOoJIOXNUTh, YTO 3Ha4YeHU IipenenaoB pH nposs-
JICHUST AKTUBHOCTHU ONPEAEIISIIOTCS 3HAYUEHUsIMU pPK,,
NBYX KaTAJIMTUUYECKUX OCTAaTKOB. B Halllem mccieno-
Ne 5
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BaHUM cpaBHeHHe pH-onTumMyMoB depMeHTa TUKO-
ro tura TmBgIA u M 1-TmBglA u M2-TmBglA noka-
3ajii, YTo KpuBasi pH-ontumyma cy3unach B KUCIOM
o0JacTu, B TO BpeMs Kak KprBasi 3aBUCMMOCTU OT pH
JIBOMHOTO MyTaHTa MMeJia Y3KUI ONTUMYM Iipu 6.2
(puc. 3). BosmoxHo, uto 3ameHa H180F B M1-TmBgIA
n E408A B M2-TmBglA oka3biBanu BIUsTHUE Ha 3HA-
yeHue pK, HyKJIeoUIbHOIO TiyTamMara (KaTajJuTh-
yeckue octatk B TmBglA: E166 u E351), ero 3apsin
WIW U3BMEHEHUE B MUKPOOKpYXeHUHU (hepmeHTa. s
[-rmoko3unasel U3 Agrobacterium tumefaciens Takxe
ObUT OOHApY>KEH CIBUT ONTUMaIbHOTO 3HaYeHus1 pH ¢
yMeHblIeHrUeM pK, TOHOPOB NPOTOHOB [24].

bonee mogpobHO n3ydyeHa pepMeHTaTUBHAS KU~
Hetuka (K, Vi Kiar/ Kyy) B-TJIOKO3UAA3BI A TUKO-
ro TUMAa U MyTAaHTOB B peaKlIMU TUAPOIU3a IMIPUPOJI-
HOro cyoOcTpaTa TJAMKO3MAa cajlullMHa W MCKYC-
crBeHHOro cyocrpata nH®I (ta6a. 2). [TokaszaHo,
yro miga M1-TmBglA n M2-TmBglA >ddexTus-
HOCTb KaTajiM3a CHU3WIACh, MPUYEM yMEHbIIIEHUE
aKTUBHOCTU ObLIO 3HAYUTEJbHEE IMPU UCIOIb30Ba-
HUM B KauyecTBe cyOcTpara caluildHa, 4YeM IS
nH®I. 3nauenue k,,, 111 M1-TmBglA B peakium ¢
CAJIMILIMHOM OBUIO CHI:KEHO Ha 85%, B TO BpeMs Kak
B peakiuuu ruaposusza MH®I HezHauuTeabHO, UTO
CBHUAETEILCTBYET O BaxkHoii ponm V170, A171, V173,
G174 n H180 B cBg3piBaHNM arynkoHa. OOHapyxe-
HO, uTo Ju1s1 MyTaHTa M2-TmBglA K|, npu ucrnosbs3o-
BaHUM B KauyecTBe cyOcTpaTa cajlMliMHa yBeJIuyuBa-
Jnach B 1.5 pa3a, B TO BpeMs Kak 3HaueHue K,, J1jis
mH®I He U3MEHSIOCH, YTO TIpeArnoaracT BaXXHOCTh
octatkoB 1400, A407 u E408 o151 y3HaBaHUsI arjiuKo-
Ha. DTU pe3yjabTraThl COrjacyTcs C TOJy4eHHBIMU
paHHee, B KOTOPbIX UcclieloBaach cneliu(UIHOCTD
IIUTO30JIHON [-TJIIOKO3MIa3bl YeJloBeKa K arinuKo-
Ham [25].

Wccnenosanue ruapoansa u3odaaBoOHOBBIX IO~
KO3UIOB JaJIo UHTepeCcHbIe pe3yabTathl. M1-TmBgIA
n M2-TmBglA cHmXanu cTeneHb peodpa3oBaHUS
130()JIABOHOBBIX IIIOKO3UJIOB B aIJIMKOHBI, O 4YeM
CBUIETENbCTBYET CHUXKEHUE 3HAYCHUS K,/ Ky AJst
nH®TI v canuuyHa, CHUXKeHUE KaTaTUTUIECKOM 2~
(beKTUBHOCTU B peaKlMU C TEHUCTEMHOM OBbLIO 3Ha-
yuTeabHee B mpucyTcTBuu M2-TmBglA, no cpaBHe-
Hue ¢ M1-TmBglA. Ot pe3ynbraThl ITOKa3bIBAIOT,
yTO aMUHOKMCIOoTHBIEe ocTaTku 1.400, A407 n E408 B
caiite cBs3bIBaHUS arjiukoHa B TmBglA npeanouyTu-
tenbHee, yem V170, A171, V173, G174, H180 u ipe-
MOYTUTE/IbHEE YEM aMUHOKUCIOTHBIE OCTaTKHU, pac-
MOJIOKEHHbBIE B HETIOCPEICTBEHHOM OJIM30CTU OT MO-
tiuBa TLNEP. BeposTHO, 4TO 3T aMMHOKHMCIOTHBIE
OCTaTKW MOTYT ObITb HEOOXOAMMBI ISl KaTtajius3a 1
CBSI3bIBaHMSI M30(DJIaBOHOBBIX IJIMKO3UI0B COU.

Takum oOpasoM, IJIT TOTO YTOOBI MCCIEIOBATh
MeXaHU3M CBsI3bIBaHUS arjinkoHa B TmBgIA ¢ momo-
IIbI0 MyTaluii OBLJIM IIPOU3BEASHBI 3aMEHBI aMUHO-
KHMCJIOTHBIX OCTaTKoB. Bce MyTaHTHBIE (pepMEHTHI
IIPOJIEMOHCTPUPOBAIM CHUKEHME KaTaJUuTUYECKOM
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aKTMBHOCTH (pacCUMTaHHOE 3HAYEHUE CEJIEKTUBHO-
CTH cBsA3bIBaHUA K,,,/K,,) KaKk B peaklUu ¢ CAIULU-
HOM TaK U B peaKklIMU C UCKYCCTBEHHBIM CyOCTpaTOM
nH®T. 910 no3BoisieT MpeanoaoXnuTh, YTO ONpPeEIe-
JISIOLIUM JIs CBSI3bIBaHUS CcyOcTpaTa W TMApOJIU3a
TmBglA sBaseTcss KoHbuUrypalusi cailita CBsS3bIBa-
HUs aruKoHa. bosee ciabbiit ruapoaM3a reHUCTen-
Ha M JamazenH B TipucyrcTtBum M2-TmBglA, 1o
cpaBHeHu10 ¢ M1-TmBglA, yka3eiBaeT Ha TO, 4YTO B
TmBglA octatku 1L.400, A407 u E408 sBnstioTcst 6os1ee
BaxXHbeIMH, 9eM V170, A171, V173, G174 n H180, n
MOTYT ObITh HEOOXOIUMBIMMU 7151 CBSI3bIBAHUSI COEBO-
ro u30(p1aBOHOBOTO MNIMKO3U/Ia U KaTajlu3a.

B panbHeiiem TmipeanosiaraeTcsi MCIOJb30BaTh
myTareHe3 no tpem nosuuusam L1400, A407 u E408 B
TmBglA mist nonydeHus: 6oiee 3pHeKTUBHOTO TUI-
poJin3a n30(p1aBOHOBBIX INIMKO3UIOB U3 COU.

PaGoTta BbINOJHEHA MOpU MNOAJNEPXKKE IPOeKTa
BK2010545 HamuoHaiabHOro HaydHoOro (poHma Ipo-
puHIMY L3gacy Kuras.
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Residues Affecting Hydrolysis of Soy Isoflavone Glycosides,
Stability and Catalytic Properties of Thermotoga maritime
B-glucosidase!
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Abstract—The thermostable -glucosidase A (TmBgIA) from Thermotoga maritime is a promising biocatalyst
for production of isoflavone aglycones. Use of enzymes with high specificity for soy isoflavone conjugates is
however essential for efficient hydrolysis. The effect of the amino acids located in the aglycone binding pocket
with non-conserved residues between specificity groups in family 1 glycoside hydrolase (GH1) was studied
using wild-type TmBglA and 3 exchange mutants (M1-TmBglA, M2-TmBglA, M1M2-TmBglA). Three
mutants were expressed in Escherichia coli, purified and characterized. They had shifts in both optimum tem-
perature and thermal stability, and their narrowing pH-activity curve caused by removing the ionized side
chain in mutation. All mutants demonstrated the decreased catalytic efficiency more effectively revealed with
natural glycoside, salicin, than with artificial substrate, p-nitrophenyl-B-D-glucopyranoside, suggesting that
these amino acids are the key residues to determine aglycone specificity. A lower hydrolysis of genistin and
daidzin for M2-TmBglA than M1-TmBglA indicated that 1.400, A407 and E408 being preferable to V170,
A171, V173, G174 and H180 residues of Tm-BglA could be essential for soy isoflavone glycoside binding and

catalysis.
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BBLIJEJIEHUE U XAPAKTEPUCTUKA COEJIVMHEHUI

C AHTUMHUKPOBHOI AKTUBHOCTLIO M3 HOBOI'O ITIOYBEHHOTO

MN3O0JIATA Streptomyces rimosus MTCC 10792
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NnentndunmpoBaH HOBBIN IITAMMM Strepfomyces Sp., BblIJCHHBIN 13 MOYBHI 1ITata Yxarrucrapx (MH-
Vs1), UMEIOIINI IIMPOKUI CIIEKTP aHTUOAKTEPUAIBHOM U TIPOTUBOTPHUOKOBOI akTMBHOCTU. Ha ocHOBa-
HUM UCCIIeI0OBaHUS (PU3HMOJIOr0-OMOXUMUYECKUX CBOMCTB U mociiegoBateabHocTh 16S pPHK BhigeneH-
HbIY aKTUBHBIN 1ITAMM ObLT OTHECEH K Strepfomyces rimosus subsp. rimosus (10792 MTCC). AHTUMUKpPOO-
Hasl aKTUBHOCTb COCIMHEHUM, BBIACICHHBIX U3 S. rimosus, U3y4eHa Mo OTHOILICHUIO K PE3UCTEHTHBIM K
aHTUOMOTHUKAM MaTOTeHHbIM OakTepusaMm 1o Metony bayspa u Kupou. AKTUBHbIE METa0OJIUTHI SKCTParu-
pPOBaJIM U3 KYJIBTYPaJIbHOM XUIKOCTU H-OYyTaHOJIOM M MPOBOJAMIM OYMCTKY METOIOM XpoMaTorpacduu Ha
cunmkareiie 1 BOXKX. Oxapakrepu3oBaHbl (U3UKO-XUMUYESCKHUE CBOMCTBA OMHOTO M3 BBIIECJICHHBIX CO-
€IMHEeHUI: LIBET, TeMIlepaTypa IIaBJIeHUs], pACTBOPUMOCTb, UCCJIEIOBAH 2JIEMEHTHBIN aHaIu3, MPOBeAe-
HbI XUMUYECKUE PeaKiMy, Ha HAJTMYUe XUMUYECKUX TPYTIT, MPOaHAIM3UPOBaHbI TaHHbBIE MacC-CIEKTPO-
metpun (ESI-MC), UK- u, Y®-cnekrpockornuu, 'H-IMP, °C-IMP. OuniieHHOE TPOTUBOMUKPOOHOE
coenuHeHue, cuHtesupyemoe S. rimosus MTCC 10792, B KOHLIEHTpaLMU 25 MKT/MJT 00J1a71a710 TPOTUBOTY-
OepKyJIe3HOIM aKTMBHOCTBIO MO OTHOLIEHUIO K Mycobacterium tuberculosis H37Rv, Mycobacterium tubercu-
losis H37R, a Tak:ke aHTUMUKPOOHOI aKTUBHOCTBHIO B OTHOIIIEHUU BCEX MPOTECTUPOBAHHBIX OaKTepUalb-

HBIX U TPUOHBIX ITATOT€HOB.
DOI: 10.7868/S0555109913050115

Pe3ncTeHTHOCTD OOJIBIIIOTO KOJIMYECTBA MAaTOTeH-
HBIX OaKTepUii M TPUOOB K OMOTOTMYECKN aKTUBHBIM
BTOPUYHBIM MeTaboJMTaM, UCIOJIb3yeMbIM B Kaye-
CTBE JIEKApPCTBEHHbBIX CPEJICTB, CTABUT IEpe/ UCCIIe-
JIOBaTEIIMU 3aJa4M IIOMCKA HOBBIX IIPOTUBOTPUOKO-
BBIX I aHTUOAKTepHUaIbHBIX BEILIECTB, HEOOXOIMMBIX
IS O0pHOBI ¢ 3TUMM ITaToreHamMu. HurtdaTbie 1mou-
BEHHbIC OaKTepuu, IIpUHaLIeXalue K pony Strepto-
myces, NIPOAYLIMPYIOT OOJIbIIIOEC KOJUYECTBO €CTe-
CTBEHHBIX TPOIYKTOB, 00IaNaI0NNX OMOJIOTUYECKON
aKTUBHOCTBHIO, IIMPOKO MHPUMEHSIEMBIX B KayecTBE
JIEKApPCTBEHHBIX CPEICTB M arpOXUMUKATOB. M3 aTnx
GaKTepuii IMOJIyJ4aloT OKONIo 75% KOMMeEpUYecKUX U
TeparieBTUYECKM BaXXHBIX aHTUOMOTUKOB [1]. Ilpu
0TOOpE KYJIBTYp C aHTUMUKPOOHOM aKTUBHOCTBIO U3
00pa31IoB ITOYBbI, COOpPAHHBIX B IECHTPAJILHOM IITATE
Wunnn Yxattucrapx, ObUI BhIACICH IITaMM Strepto-
myces rimosus. DTOT IITaMM IIAPOKO U3BECTEH TEM,
YTO MMEHHO OH CEKPETUPYET OKCUTETPALUKIUH U
JIpyryue aHTUOMOTUKM, NIPOU3BOIHbBIC TETPALIMKIIMHA.
B 1950 . A.C. ®unneit u koprnopauus “Ildaiizep”
00BIBWIN 00 OTKPBITUM aHAJIOTUYHOIO aHTUOMOTH -
Ka, IOJyYeHHOTO TakKe U3 .S. rimosus, KOTOPBIN ObLI
Ha3BaH TeppaMUIUH (II€peMEHOBAaH B OKCHTETpa-
LUKJIMH mo3aHee) [2]. OKcuTeTpalluKIuH 1 eTro Mpo-
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WU3BOJHbIE SBJISIOTCS aHTUOMOTMKAMU IIMPOKOTO
CIIeKTpa ASeUCTBUSI, MHTMOUPYIOT CUHTE3 OeKa y 6aKk-
Tepuii myTeM cBsizbiBaHUs ¢ 30S-cyObenuHULICH pU-
0ocoMm. ITpousBoHbBIE OKCUTETPALIMKIMHA 00pa3yIoT-
CS1 C MOMOILLIBIO XOPOIIO PAa3BUTONM NEHETUYECKOM CU-
creMbl S. rimosus [3, 4]. KpomMe okcuTeTpanimKIIMHA
ObLJIM OOHAPYXKEHbI HOBbIE COEIMHEHUS] — CTPENTO-
MUPPOJIbI, TIOJydeHHBbIC U3 S. rimosus ¢ OETKOM TH-
CTUIMHKWHA30#, KOTOpble 00Jagalu aHTUMUKPOO-
HOM aKTUBHOCTHIO [5]. O BBIIEICHMHM 1 OYUCTKE ITPO-
TUBOTPUOKOBBIX COoeIMHEHUsT U3 S. rimosus MY02
coobmaigock B pabote [6]. MccrnenoBanue mpupom-
HbIX M30JISITOB MOXET JaTh OOJIbIIIOK MaTepuas st
OOHapYKEHUST U CUHTE3a HOBBIX XUMUYECKUX COEA~
HEHUIA, TTORTOMY HCCJIeA0BaTeIM HAIIPABJISIOT CBOE
BHMMaHME€ Ha U3yYEeHUE HEOOBIYHbBIX U pPaHEE HE UC-
CJIEIOBAaHHBIX 3KOCHUCTEM, IS BBISIBJEHUS HOBBIX
¢dapMmalieBTUUECKIX OOBEKTOB [7, 8].

Lleab paGOTHI — BBIIEJIEHUE U UCCICIOBAHUE XU~
MUWYECKUX CBOUCTB aHTMMHUKPOOHBIX COCTMHEHUIA,
OPOAYLUUPYEMBIX HOBBIMU M3OJATaMu S. rimosus
MTCC 10792.

RE
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METOOUNKA

Opranu3M-npoayneHT. bruojiormueck akTUBHBIH
M30JISIT, Ha3BaHBII Y8, ObLI BBHIAEJICH M3 00pa3lioB
MOYBHI B 3ammoBeAHHMKe mrTata Uxarrucrapx (MH-
nust). Kyabrypy BbIICIEHHOTO M30J51Ta MOAACPKM -
BaJii B MPOOMPKAX Ha CKOIIEHHOW arapu3oBaHHOM
cpene ISP-2, comepxaitieit (r/n): ApoxK>KeBOl 3KC-
TpakT — 4.0, conomoBwiii akcTpakT — 10.0, nmoko3a —
4.0, CaCO; — 2.0 u arap — 20.0. Mopdonoruueckue
1 (PU3UOJIOTMYECKME CBOMCTBA IITaMMa ObLIA U3Y-
YeHbl B paMKax MeEXIyHapOAHOIo MpoeKTa Strepto-
myces (ISP) [9]. Kynbsrypa TaKCOHOMMYECKM OMpeae-
JIeHa Ha ocHoBaHMM romoioruu 16S pPHK u cpaBHe-
HUS ¢ MMKPOOHOM KOJUIEKIIMEN TUIOBBIX KYIBTYP
(MTCC), Yanaurapx, MHnusi, u oTHeceHa K Strepfo-
myces rimosus subsp. rimosus MTCC 10792.

IIITaMMBI TECT-KYJIBTYP, HCIIOJIb30BAHHBIE IS OIIEH-
KM aHTUMHUKPOOHO#W AKTUBHOCTH. /17151 BBISIBJICHUS] aH-
TUMUKPOOHOM aKTUBHOCTU MCCIIETYeMOTO COCIIHE-
vust C. rimosus MTCC 10792 0bu1 MCIIOJIB30BaHbBI
clieqyle MUKpoopraHusmbl: Mycobacterium tuber-
culosis H37Rv, M. tuberculosis H37Ra, Bacillus subtilis
(MTCC 1789), Bacillus pumilus (MTCC 1607), Bacil-
lus megaterium (MTCC 1684), Bacillus cereus (MTCC
1305), B. cereus (ATCC 10876), Staphylococcus aureus
(MTCC 96), S. aureus (MTCC 737), Staphylococcus
epidermis (MTCC 435), Salmonella typhi (MTCC
531), Proteus vulgaris (MTCC 1771), Klebsiella pneu-
moniae (MTCC 2405), Escherichia coli (MTCC
1667), E. coli (MTCC 739), E. coli (MTCC 1687),
E. coli (ATCC 35218) Candida albicans (MTCC
1637), C. albicans (MTCC 184), C. albicans (MTCC
183), Candida tropicalisMTCC 3017), Aspergillus ni-
ger (MTCC 872), Aspergillus fumigatus (MTCC 2544),
Alterneria alternate (MTCC 1779), Penicillium citri-
num (MTCC 1751), Saccharomyces cereviseae
(MTCC 170), Tricophyton rubrum (MTCC 296). bak-
TepuaabHbIe KYIBTYphl BhIpamuBanu Ipu 37°C Ha
araprM3oBaHHOM cpefe, coaepxKaiiei (I/J1): IenToH —
5.0, mscHoii skcTpakT — 3.0, NaCl — 5.0, arap — 20.0.
Kynabrypbl 1puboB BbIpamuBaiu npu 28°C Ha
nekTpo3HoM arape Cabypo, comepxxaiiiem ( r/): merm-
ToH — 10.0, rmoko3a — 40.0, arap — 20.0 [8]. Bce
KYJABTYpbl XpaHwiv npu 4°C 1 noaaepKuBajiu, pery-
JISPHBIMU TIepeceBaMM.

Boipammsanmue S. rimosus MTCC 10792 nas nosyde-
HUSI AHTUMHUKPOOHBIX NMPENapaToB. AKTUBHBIN IITaMM
Y8 3aceBanu B 250 M1 KOIOBI DpiieHmMeriepa ¢ 50 Mt -
TaTeJIbHOM CpeAbl, COACPIKALLEH ITIOKO3Y, IPOXKEBON
M COJIONOBBIM 3KCTpakT. KyabTypy BBIpalliMBaJIM IIpU
28°C u 180 06./MUH Ha poTOpHOM Ieiikepe. Yepes
3aHg 2% WHOKYJIsATa MEePEeHOCWIN B KOHUYECKHUE
KoJOBI, 00beMoM 1.0 11, cogepxamue 200 M1 Timio-
KO3HO-COEBOM Cpenbl, CIeaylollero cocrana (I/m):
rmoko3a — 10.0, coeBniii a3kcTpakT — 10.0, NaCl —
10.0, CaCO; — 2.0. Kynbrypy MHKyOUpOBaiIu B TEX
XXe YCJIIOBUSX B TeUEHUE ellle 3 CYyT M Ha BTOPOM 2Tarle
MCITOJIb30BaJIM B KaUeCTBE MHOKYJISATA 111 (hepMeH-
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Taluu B 3 JI peakTope, coaepxkaiieM 1.5 J1 rIioKo3Ho-
coeBoii cpennl. pH cpensl noBoamin 1o 7.5, CKOpocTh
aspaluu cocraBuia 1 06./06. MuH. O6pa3zoBaHue Te-
HBI TIOJABJISIIM C TIOMOIIBIO CTEPUIBHON CUIMKOHO-
Boii mo6aBku (“Himedia”, Uuaus).

Boinesenne u ounctka. [TonyyeHHyI0 B peakTope
KUAKYIO KYJBTYpy (UIBTPOBAIM 4Yepe3 (UIBTPO-
BaJIbHYI0 Oymary (BatmaH Ne 1), 3ateM ¢uiabTpaT
ueHTpudyrupoasim npu 10000 g 20 muH. [Ipo3pau-
HbIiA QUIABTPAT UCCIeNOBAIM Ha HAIMYME aHTUMMK-
pOGHOIT aKTMBHOCTH C pa3IMYHBIMU IITAMMAMU MUK-
POOPraHU3MOB.

DKCTpaKIIO aHTUMUKPOOHBIX COSNMHEHUI TpO-
BOAWIN H-OyTaHOJIOM B cooTHoleHuu 1 : 1 (06./00.).
OpraHunyeckyto ¢asy BbIapuBaJId B BaKyyMe Ha po-
TOpHOM HucIaputese mpu temireparype 30°C. OunucTky
AHTUMUKPOOHBIX areHTOB IMPOBOIWIN C UCTIOIb30Ba-
HUEM KOJIOHKU ¢ cutnkaresaeM (3.2 x 62 cm). KomoHky
TIpeaBapUTEIGHO OCTABIISUTM HA HOYB TSI TOTO, YTOOBI
CUJTIKareJIb ObLT TIOJTHOCTHIO YPAaBHOBEIIIEH TeKCAaHOM.
st ancopO1My Ha TIOBEPXHOCTb KOJIOHKU € CUJIMKA-
rejieM HaHocuau 10 r puibTpaTa. DIIIOLKUI0 IPOBO-
IWIN TpaaueHTOM TekcaHa u atwianerata (10—
100%) ¢ yBeqIM4YeHHEM COIEp>KaHMsSI DTUJIALIETATa,
3aTeM cleloBajia BJIOIMs  STWIAIeTaToM |
metaHonoM (10—50%), mociae 4ero UCIoab30Bajcs
100% wmetanos. bbputo oTOOpaHO IIECTHAALATH
dpakumii (1o 2.5 M1 Kaxaasi), B KOTOPHIX ObLIa IIPO-
TECTUPOBaHA aHTUMUKPOOHAsT aKTUBHOCTh. AKTHUB-
Hble dpakuuu OO0bEAUHSIIN, KOHIUEHTPUPOBAIU U
noaBepraiu JajbHeiieit ourcTke (okoso 2.83 1) Ha
BTOPOM KPEMHHMEBOM KOJIOHKE C WCITOJIb30BAHUEM
CUCTEMBbI pacTBOpPUTENICH ITUIALleTaT: MeTaHo (2.5,
5.0,7.5,10.0, 15.0, 20.0, 25.0, 30.0, 40.0, 50.0 m 100%
MeTaHoJ ). YaCTUIHO OYMIIEHHBIN aKTUBHBIN MeTa-
6oauT (300 Mr) ObLT TOTOJHUTEILHO OYMIIEH C TT0-
moipio BOXKX, La Chrom, L-7400 (“Mepk”, Tep-
MaHMsI) B oOpalneHHO-(ha30BOM KOJIOHKE C TUOKCH-
noMm kpeMHus (C-18) ¢ MCHOIb30BaHUEM CUCTEMbI
Boga—aueToHuTpua (80 : 20), 3TOLUIO ITPOBOIVIN
co ckopocTbio 0.5 Mi1/MuH. BeIxo BemiecTB ¢ KOJIOH-
KM OLICHWBAJIN CITIEKTPOGOTOMETPUIECKY TIPU IJTTHE
BOJTHBI 254 HM.

DU3NKO-XMMHIECKHE CBOMCTBA AHTUMHMKPOOHBIX
coeaqunenmii. CriekTp B yabTpadUOJIETOBOM 001aCTU
(200—500 HM) TTOTyYaJIu B METAaHOJIE, PETUCTPUPOBA-
ym Ha crekrpodoromerpe PerkinElmer Lambda-25
UV (“PerkinElmer”, CIIIA), nundpaxkpacHsiit (MK)
cnekTp Ha cnekTpoMeTpe FT-IR-PerkinElmer RX-1
(CIIA) B o6mactu 200—4000 cm~! ¢ ncnonab30BaHu-
€M METOIUKHU c TpaHyaupoBaHHbIM KBr [15]. Macc-
CIIEKTp TOJy4Yaar Ha Macc-crekTpomerpe Micromass
Quattro II (CHIA). /1151 mOTHOTO ONpeaeaeHUS CTPYK-
Typbl ObUIM nosnydeHbl Takke 'H- u BC-crnexTpbl
SIIEPHOTO MarHuTHoOro pezoHaHca (IMP) coenuHe-
HUd B AelitepupoBaHHoii Bone (D,0), KoTopble peru-
CTpUpOBaJIM Ha criekrpomepe Varian Inova Instru-
ment (CIIA) ¢ yacroroit 300 MIi1. DieMeHTHBII
Ne 5
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aHaJM3 OBLI TIPOBEJECH C MCITOJb30BaHUEM MpHOopa
Carlo Erba 1106 CHNO /S (Benmuko6putanus). Tem-
repaTtypa IjaBjIeHus OblIa OpeaeieHa ¢ UCIIOIb30-
panreM WRS-1B nndpoBoro anmnapara 1iaBicHUS
(“Zhengzhou Boke Instrument EquipmentCo”, Ku-
Tait). AKTUBHbIE COeIMHEHUSI, MMOJyYeHHbIE MTPU BbI-
pamuBanuu S. rimosus MTCC 10792, 6bu1i onipene-
JIEHbI B COOTBETCTBUU C PEKOMEHIOBAHHBIMU MEXK-
JIYHapoJIHbIMU cTaHaapTamu [10—14].

XuMHYecKrue CBOMCTBA AHTUMHKPOOHBIX COeIMHe-
HUii. bbUTM TIpOBENECHBI CIIEIYIEe Ka4yeCTBEHHBIE pe-
akumu: Momma, ®@emara, Cakaryaun, Dpimnxa, Mu-
JioHa, Maliepa, peakiiysi C HAHTUIPUHOM, HUTPOIIpYC-
CUIOM, peakiysl C Cyab(haToM CBUHIA U XJIOPUIOM
xenesa [15].

BuoJjiornyeckas aKTMBHOCTb. MUHUMAIBHYIO MH-
rubupyroiyto KoHeHTpanuio (MWUK) ouniieHHOTO
AaHTUMUKPOOHOTO COEOWHEHUSI PACUMTHIBAJIM, WC-
MOJIb3YySl METOJ, CEpUMHBIX pa3BeAeHUIl B COOTBET-
CTBUU C peKOMeHAanusIMu HarimoHa1tbHOTO KOMUTE -
Ta MO KIMHWUYECKUM JabOpaTOPHBIM CTaHIapTaM
(2000 r.). AHTUMHMKPOOHYIO aKTUBHOCTDH OLICHMBAIU
C WCIIOJIb30BAaHUEM MUKPOIUIAHIIETOB C ajamMapo-
BbIM cuHuM (MABA) [23].

Cycniensuu M. tuberculosis H37Ra n M. tuberculo-
sis H37Rv roToBu/IM B KOHLIEHTpauuu ~10° Ki1./mi1,
nocie yero mo 100 MKJT BHOCWJIM B KaXIylO JIYHKY
IUTAHIIETa, TOe CMEIIMBAIN C UCCIIEIyeMBIM COSOU-
HEHUEM, TTOJy4YeHHBIM u3 S. rimosus MTCC 10792
(koHueHtpanusi 10 Mxr/mia cpenbl Munnopyk 7H9
[23]), yTOOBI KOHEeUHBI I 00beM ObLT paBeH 200 MKII.
ITocie 6 cyr MHKyOALIMK B JIYHKU IUTAHIIETa 100aB-
st 20 MKJT KpacuTesisl alaMapoBblil CUHUM, TTocie
Yero aHaJIM3UPOBAJIN pe3yJIbTaThl. I3MeHeHe 1IBeTa
OT TOJIyOOT0 IO PO30BOI0 OBLIO ITOKa3aTejeM pocTa
M. tuberculosis.

PE3VIJIBTATHI U UX OBCYXKIEHWE

Itamm-npoayuent. IlojlydeH HOBBI UW3OJST
S. rimosus Y8 13 TOYBBI 3aIloBeAHMKA YxaTTHcrapx
(Muanus). BeimeneHHBIN 1ITamMM oOjagal aHTUMUK-
pOGHOI aKTMBHOCTBIO B OTHOIIEHWM BCEX MCCIENO-
BaHHBIX IITAMMOB MUKPOOPTaHU3MOB C MHOKECTBEH-
HOM JIEKAPCTBEHHOM YCTOMYMBOCTBIO, I'PAMITOJIOXM-
TEJIbHBIX M I'PpaMOTPULIATEIbHBIX OAaKTEpHUii, a TaKxKe
rpu6oB. MccaenoBaHre aHTUMUKPOOHOM , aAKTUBHOCTH
M0KAa3aJIo CJeayIolIe pe3yIbTaThl: aHTUTPUOHAs aK-
TUBHOCTh cocTaBUIIa 35 MM ist Sachromyces cereviseae
(MTCC 170), 32 mm msa Tricophyton rubrum (MTCC
296), Penicillium citrinum (MTCC 1751), Candida albi-
cans (MTCC 184), 28 mm nns Candida tropicalis
(MTCC 3017), 27 mm C. albicans (MTCC 1637), 19 Mmm
s Alterneria alternate (MTCC 1779), 12 MM Aspergil-
lus fumigatus (MTCC 2544), Candida albicans (MTCC
183), 10 mMm Aspergillus niger (MTCC 872). AHTUOaKTE-
puanbHas aKTUBHOCTB cocTaBmia: 39 MM s Staphy-
lococcus aureus (MTCC 96), 30 mm s S. aureus
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(MTCC 737), 33 mm misa Salmonella typhi (MTCC
531), 31 mm mis Bacillus cereus (MTCC 1305), 26 MM
st B. cereus (ATCC 10876), 29 mm mist the Bacillus
subtilis (MTCC 1789), Bacillus megaterium (MTCC
1684), 24 mm mns Proteus vulgaris (MTCC 1771) n
Klebsiella pneumoniae (MTCC 2405), 23 mm mis Sta-
phylococcus epidermis (IMTCC 435) u Bacillus pumilus
(MTCC 1607), 28 mm mnst Escherichia coli (ATCC
35218), 20 mMm o E. coli (MTCC 739), 18 mm s
E. coli MTCC 1687), 13 Mm s E. coli (MTCC 1667).

Ha cpeme ISP-2 mramm Y8 xopomio poc, oOpasys
OTIeIbHBIE KOJIOHUU. LIBeT BereTaTUBHOTO MULICJIUST —
CBETJIO-KENIThI, 1IBET BO3MYILIHOIO MMULEIUS — Tpsi3-
HO-Oeblii. I3ydyeHue KyabpTrypaibHO-MOpPQOI0orude-
CKUX U (PU3NOJIOTUYSCKHME CBOMCTB ITaMMa Y8 I10-
Kas3ajgo, 4YTO MCCJeAyeMbId IITaMM OJIM30K K poay
Streptomyces. OCHOBBIBasiChb Ha JaHHBIX TOMOJIOTUU
16S pPHK, mrramm GbLT OTHECEH K Streptomyces ri-
mosus supsp. rimosus 1 eMmy ObLI TIprucBoeH Ne 10792
MTCC. IIpoBeneHo ucciaemoBaHne (PParMeHTOB I10-
caenoBarteabHoct 16S pPHK mramma S. rimosus,
0003HaYeHHOTro KakK Y8, MeTogoM aHanu3a Basic Lo-
cal Alignment Search (BLAST) ¢ ucnojb3oBaHueM
6a3bl JaHHbIX NCBI. CooTHeceHue nocienoBaTeb-
Hocteid JIHK nmo3Bonnio mocTpouTth prjioreHeTUYE -
CKOE JepEeBO METOAOM “00BbEeAMHEHUS COCeAei” ¢ uc-
nosib3oBaneM MEGA 4.0.2 — OMoIorn4ecKn-opu-
€HTUPOBAHHBIX MPOrpaMM JUISI 3BOJIOLIMOHHOTO
aHaim3a JJHK u 0enkoBbIX mociegoBaTeIbHOCTEH
[16]. PesynbraThl mOKa3aliv, 4TO INTaMM Y8 OBLI
UIeHTUYEeH Streptomyces rimosus Supsp. Frimosus
JCM4667 (Ne B renbanke AB045883/ 2799), Tak Kak
cxoIcTBO mociengoBaTenbHocTeii 16S pPHK atmx
IBYX 6akTepuit coctaBuiio 99.52%.

(I)epMeHTaum[, BblJICJICHUE U OYUCTKA. OnTumMu-
3allMI0 YCJIOBUI BbIpalllBaHWS MPOBOAWUIMN B J1a00-
paTopHOoM ¢epmMmeHTepe. 3a oOpa3oBaHMEM aHTH-
MUKpPOOHOTO COeTUHEHUS U POCTOM OMOMACCHI CJie-
IWIU B TeueHue 14 cyT (1aHHbIe He MpeICcTaBIeHBbI).
OO6pa3zoBaHMe aHTHMOMOTHKA OETEKTUPOBAJIOCh B
KYJIETypanbHOM KMIKOCTH nocie 12 4. KonmeHTpa-
U1 aHTUOMOTHUKA OblLJ1a MAaKCUMaJIbHOM (47 Mr/7) B
crarmoHapHoM (asze mocie 96 4 mHKyOamu. Maxk-
CUMaJIbHBIMA BBIXOJ aHTUMUKPOOHBIX META0OJUTOB
HaOJII01aJIv B ITO3AHEH JlorapudMuueckoii pase po-
CTa, T.. CUHTE3 U BblJIeJIeHUE B Cpedy IPOUCXOIMIIN
napasijie IbHO C POCTOM KyJbTyphl. BBLJIO OTMeUeHo,
YTO HAKOIUIEHUE APYTMX aHTMOMOTHUKOB, TAKUX KaK
cedanomuiivd C 1 KJIaByJlaHOBasi KUCJIOTa B OMpee-
JICHHBIX Cpeiax, TakkKe HaOJII0maaoch IMapajiebHO C
pPOCTOM MUKPOOOPTraHU3MOB [17].

ITocne okoHuyaHUsI TIpoliecca (pepMeHTALIMU KYJIb-
TYPATBHYIO XKUAKOCTb (DMIBTPOBAIU, LIEHTPUGYTUPO-
Baau mipu 10000—12000 g 15 muH. OcCBeTJICHHBIN
dunbTpart, conepxXkaliuii aKTUBHBIIA METa0OJIUT, TOBO-
auin 1o pH 7.0 u akcTparupoBajii aHTUMUKPOOHbBIE
BellleCcTBa H-OyTaHOI0M cooTHomIeHuu 1 : 1 (006./00.).
Oprannyeckyio a3y BbIIApUBAJIM TIPU KOMHATHOM
Ne 5
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Puc. 1. OuncTka CoOAMHEHUI ¢ aHTUMUKPOOHOI aKTMBHOCTBIO U3 KYJIbTypaibHOM Xuakoctu S. rimosus MTCC 10792 Ha Ko-
JIoHKe ¢ cunukareneMm. I — B. subtilis; 2 — C. albicans; 3 — BoinenenHoe coequHenue (Mr). COOTHOIIIEHWE paCTBOPUTENEH TTpU
smonun (Ne dpakuum): 1 — 100% rekcana, 2 — 10% sTuiateTar : rekcaH, 3 — 20% sTunanerar : rekcaH, 4 — 30% sTunanerar : rek-
caH, 5 — 40% stuanerar : rekcaH, 6 — 50% sTuianerar : rekcaH, 7 — 60% stunarierar : rekcaH, 8 — 70% sTuianierar : rekcaH, 9 —
80% stunarierat : rekcaH, 10 — 90% stunanerar : rekcat, 11 — 100% stunauerata, 12 — 10% MetaHo:n : atunaueTar, 13 — 20% me-
TaHouI : aTuanerart, 14 — 30% meraHou : atuianerar, 15 — 40% meranon : atuianerart, 16 — 50% meranon : atuianerar, 17 — 100%

ME€TaHoJIa.
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Puc. 2. [ToBropHas xpomarorpagus aktuBHoro metadonuta S. rimosus MTCC 10792 Ha kosioHKe ¢ cuivkarenem. I — B. sub-
tilis; 2 — C. albicans; 3 — BbiaeneHHoe coenrHeHne (Mr). CooTHoLIeHHe pacTBopuTestei mpu amouuu (Ne dpakumu: 1 — 100%
sTiaueTara, 2 — 2.5% mMeTtaHoul : aTwianerat, 3 — 5% mMertaHon : aTwianerat, 4 — 7.5% meraHon : atmianerar, 5 — 10% meraHoon :
: oTwtauerar, 6 — 15% meranon : atwianeraranerar, 7 — 20% MeTaHoJI : aTUIaLeTar, 8 — 25% MmeraHod : atuiauerar, 9 — 30%
MeTraHoJ : atuiauerat; 10 — 40% meranon : atvnanerar; 11 — 50% meraHo:n : stunanerar, 12 — 100% meraHosna).

Temreparype v MOHMKEHHOM JaBJICHUU Ha POTOPHOM
nchaputene. B pe3ymbrate ObLT TOJIyYeH ITOPOIITIOK
TeMHO-XeJIToro 1iBeTa. ®pakiinu, coopaHHbIE TTOCIIe
xpoMmaTorpaduy Ha CHJIMKareJie B IpaIleHTe paCTBO-
putens 10, 20, 30, 40, 50 MeTaHoJI: aTUIALETAT U
100%-1oro MetaHoma (06./00.) obamany aHTHOAKTe-
pUaabHONM aKTMBHOCTBIO B OTHOIIEHUU B. subtilis ¢
30HOM UTNOUPOBaHUSI OT 45 10 48 MM. DTH DpakIn
TakXKe MoKa3ajayd MPOTUBOTPUOKOBYIO aKTUBHOCTH B
otHowmienuu C. albicans ¢ 30HOM MHI'MOMPOBAHUS OT
24 no 37 mm (puc. 1). Haubonee akTuBHbIC (hpaKIIIn

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

OBLTM HAHECEHBI Ha BTOPYIO KOJIOHKY C CUJTUKarejaeMm.
B xone oyncTKM OBUIO YCTAaHOBJIEHO, YTO Haubosee
aKTUBHBIC (pakiuu, objamarolide 3HAYUTEJIbHOMN
AHTUOAKTEpUAJIbHOM aKTUBHOCTBIO, 3TO0 3—12,
¢dpakumu ¢ NPOTUBOIPUOKOBOIM aKTUBHOCTBIO — 3TO
dpakuum ¢ 8 mo 12 (puc. 2). IlonydyeHHBIE ITOCTE
IIOBTOPHOI OYMCTKU Ha CUJIMKareje ppakiuu, uMme-
IOIlIie CaMble BBICOKME ITOKa3aTesIM aHTHMOAKTEpH-
aJIbHOW U MPOTUBOIPUOHON aKTUBHOCTU OOBEANHSI -
i (~2.83 T) 1 moaBeprajayu AOIMOJHUTEIbHON OYUCT-
K€ C UCIOJIb30BaHMEM IToayTIpenapaTuBHoit BOKX B
Ne 5
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Puc. 3. BO2XKX yacTM4HO OUMIIIEHHOTO aKTUBHOTO METa-
0oMTa U3 KYJIbTypaibHOM Xunkoctu S. rimosus MTCC
10792 nociie MOBTOpHO# XpomaTorpacdun Ha KOJIOHKE C
cunukaresneMm (a) u ¢pakuuu 4.229 (6).

cucTeMe pacTBopurteseit Boga—ateroHuTpua (80 :
20) ¢ ucrnonapzoBaHueM C-18 KOJIOHKM ¢ oOpallleH-
HoM1 (pa3oii. Bo (ppakiiusix omnpenensiy noriolieHue
nipu 254 um. I1o pesynasratam ourctku BOXKX Obun
coOpaHbl TPY OCHOBHbBIE MUKa C BpeMeHaMU YAepXKu-
Banus 4.229, 7.823 u 14.060 (puc. 3). ®pakunu co-
Oupasv U TeCTUPOBAIU Ha aHTUMUKPOOHYIO aKTUB-
HocTb. [luk, MokaszaBIIUI Bpems yaep>XKUBaeHUs
4.229, obnaman aHTUOAKTEpUATIbHOW aKTUBHOCTBIO,
YK ¢ BpeMeHeM yaep>kuBaHus 14.060 obagai rmpo-
TUBOTPUOKOBBIM AeHicTBUEM. Tpr TTMKa ObLUIN JOTIOJI-
HHUTEJIFHO OYMIIEHBI ¢ TToMoIpio BOXKX, oxkonua-
TEJIbHO OYUILIEHBIM MPOAYKT C aHTUOAKTEepUAIbHOM
aKTUBHOCTBIO UMeJ BpeMs yep>KuBaHus 4.7 MUH NIpy
HUCIIOJb30BAHUU CUCTEMbI PACTBOpPUTEJIEU BoJa—alle-
ToHUTpUA (80 : 20) mpu 254 HM, C UCIOJIL30BAHUEM
C-18 kosioHKM ¢ obOpailiieHHo (a3zoii (puc. 3).

Y®-cnekrpockonusa. YD-CIieKTp COSAUHEHUST C
AHTUMHUKPOOHOM aKTUBHOCTHIO, BBIACICHHOTO W3
KynbTypanbHOU xuakoctu S. rimosus MTCC 10792
(puc. 4), yKka3pIBaeT Ha HaJIM4Ire B HeM KapOOHMIIb-
HBIX TPYIIT ¥ apOMaTUIECKHUX KOJIEIl C MAKCUMYMOM
MOTJIOIIEHUS TIPU €, (MeOH) 363 u 266 M, uTO
COIIACYeTCsT C pe3ybraTaMy MOJTYICHHBIMH JIPYTH-
mu aBTopamu [18—20].
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Puc. 4. YO-cnekTp BblaeaeHHOro aHTubunoTuka. I[ukm 1
1 2 ¢ MAaKCUMyMOM NOIIOWEHUS (Ayayc) TIPU 363 HM 1
266 HM COOTBETCTBYIOT KapOOHMJILHOM TPYIIIE U apoMa-
TUUYECKOMY KOJIbILY, MUK 3 BOIMU3U 220 HM — MEeNTUIHOMN
rpymnre, 1K 4 ¢ (Ayac) 293 HM — KapOOHUIIBHOIA IPYTIIIE;
MUK 5 1 6 (Ayaie) 230 HM 1 208 HM — aMUIHOl rpymre.

Macc-cnekrpockonusa. Macc-CcrieKTp coenuHe-
HUS C aHTUMUKPOOHOI aKTUBHOCTHBIO, BBIACIIEHHOTO
u3 S. rimosus MTCC 10792, mo3BoauI onpeaeinTh
MOJIEKYJISIPHYIO MAacCy OYMILEHHOTO COCAMHEHMUS,
Kortopas coctabiisia 461.00 (puc. 5a). Dro 3HayeHUE
OYeHb OJIM3KO K MOJICKY/ISIPHOM Macce OKCUTeTpa-
nukirHa (460.43) u yKa3bIBaeT Ha TO, YTO BBIIEICH-
HOE COeIMHEeHUE MPUHAJIEKUT K TPYIIIe OKCUTETpa-
nukimHa [20].

DjieMeHTHbI aHaau3. B pe3yibrare 3J1eMEHTHOTO
aHajaW3a COCAVHCHUSI C AaHTMMKPOOHOI aKTHMHO-
CTBIO, BBIIEJICHHOI'O M3 KYJIBTYpPaJIbHOM cpeabl S. ri-
mosus MTCC 10792, ObUIN TTOJIYYE€HBI CISAYIOIINE
sHavenus g C = 57.39; H=4.98 u N = 6.15, uto
onu3ko Kk 3HaueHusM C = 57.20; H = 5.21 u N =
= 6.08 (Tabi. 1) COOTBETCTBYIOITUM SMITUPUICCKOMN
dbopmyne C,,H,,N,Oqy oKCUTETpALIMKIIMHA.

HNudpaxkpacnas cnekrpockomusi. UK -cnekTp yucro-
ro COeIVHEHUsI OBbLT MOJIyYeH C MCTIOb30BaHUEM Ipa-
Hy1 KBr [5]. B cnekTpe npucyTcTBOBaIN CIICAYIOIINE
riku (eM~1): 3351 (NH nosioca, COOTBETCTBYIOLIASA KO-
JleGaHMsIM TiepBUYHOTO amuHa), 3806 (OH monoca, co-
OTBeTCTBYIOIIAs LMKJIorekcany), 3780 (CO—NH mo-
Jioca — KojebaHUsIM aMWIa WIM aMUITHOM KapOOHWITh-
Hoit rpymmel), 1627 (C=0), 1454 (C=C monoca
cooTBeTCcTBOBaa KojiebaHusiM Ar—H), 1358 (C—N mo-
Jloca — KoJIeOaHWsI TPETUIHOTO aMUHA WIN JTUMETIII-
amuH), 1235 (C—O nmonoca, COOTBETCTBOBAJIa KOJe-
0aHusIM BTOpuyHOro crnupra), 1175 (C—O nooca,
KonebaHusM Beiciiero cnupra), 945 (C=C mnonoca,
konebanusaMm ankeHa/C—H ankenon), 771 (apoma-
tuyeckue C—H uniauM HeHachlllEeHHBIM apoMaTuye-
ckue C—H) coorBeTrcTBeHHO (puc. 50) [21, 22].
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Taomuma 1. CpaBHeHUE COCTUHEHUS C aHTUMUKPOOHOI aKTUBHOCTBIO, BBIICJICHHOTO U3 KYJIBTYPaJIbHOM CPenbl S. Fimo-

sus MTCC 10792, ¢ aHTUOMOTUKOM OKCUTETPALIMKINHOM

CaoiicTBa BbiaesnieHHOE aHTUMUKPOOHOE COEAUHEHUE OKcuTeTpaLMKIMH
Temnepatypa miaBiaeHUs 185 183—185
MonekynsipHas Macca 461 460.4

XUMWYECKUIA aHATU3:
C 57.2 57.39
H 5.21 4.98
N 6.08 6.15
®opmyia CyHyN, Oy CH4N, 0,
AKTHUBEH IO OTHOILIEHUIO Ipam + u Ipam-6akTepun Ipam + u Ipam-6akTepun

Taomuma 2. XuMU4ecKue TeCThl, TPOBEAeHHBIE TSI aHTUMUKPOOHOTO COSIMHEHMST U3 KYJBTYPATbHOM KUIKOCTH S. 7i-

mosus MTCC 10792

XUMUYECKUI TECT Pesynbrar KommenTapun
Peaxist Monumiia Ipam + Hammuwne caxapa
Peakiiusi ¢ HUTpoTpyccuaom Ipam + [MpucyrcTBue aMMHOB
Peaxiiuu ¢ xmopuaoM xenesa Ipam — OTCyTCTBUE IM-KETOHOB WJIU €HOJIbHOU I'PYIIIIbI
Peakumsa denmHra Tpam + ITpucyrcTBUe CBOOOIHBIX AJIBAETUIOB U/MJIM KETOHOB caXxapoB
Peakuusa Cakaryuu Ipam — OrcyrcTBUEe Arg
Peaxiius ¢ cynbgaToM cBUHIIA Ipam — OTCyTCTBME€ aMUHOKMCJIOT, COAEPKAIINX CePY
Meiiep peakium Ipam + I1pucyrcTBHe HUTPO-TPYIIIEL
Peakuusa Dpanxa Ipam — OTcyTcTBYE UHIOIBHOM IPYIIIbBI
Peaxiiust Munona Ipam — OTCyTCTBHE TUPO3UHA
Peaxiiust ¢ HUHrnapmuHOM Ipam + ITpucyrcrBue csobonHoi-NH, rpynibl
Peakuusa TonneHa Ipam + OTCcyTCTBUE apOMATUYECKOTO aMUHA

H-AIMP (D,O o6men) 6. 'H-SIMP-criekTp aHTH-
MUKPOOHOTO COECIMHEHUSI, BBIIEICHHOTO U3 KYJBTY-
panbHOM xuakoctu S. rimosus MTCC 10792, mokazaH
Ha puc. 58. Ha nonyyennom cniektpe 'H-AMP moxHO
BUIETH Ceayoliure pa3inyHabie nuku; 7.009—7.58 (m,
3H, CH ot Ar—H), 2.25—5.00 (m, 4H, CH anudaru-
geckoro konbiia) u 1.60—3.06 (s, 9H, CH ot CH,).

3C-IMP (D,O o6men) 8. '3C IMP-criekTp npej-
cTaBJieH Ha puc. ST. Ha crexkTpe mipeacTaBiieHBI pa3-
JuuHble TUKU: 195.5—196.9 (>C=0 uau KkapOGOHUI
anmudarnyeckoro koabua); 175.15 (H,N > C=0 wiu
Kapoonwn amun); 163.9—189 (C=C unu 1-31HjIEH);
75.8-99.0 (1->tuneH) uau 75.8—189 (atuneH wim
C=C amudatnueckue coenuHenmii), 107—149 (Ar—H
win ¢eHwn); 44.5—73.3 (UUKIOTEKCaH KOJbLIO),
26.1—69.23 (—CH,).

DuU3NKO-XUMHIECKHE CBOMCTBA AHTUMHKPOOHOIrO
coeHeHMsl. AHTUMMKPOOHOE COE€IMHEHUE U3 KYJb-
TypaJibHOM kuakoctu S. rimosus MTCC 10792 6bu10
BBIZICJICHO B BUIIE OJICITHO-3KEJITOTO TTOPOIITKA C TEMTIE-
parypoii 1aBiieHust 185°C ¢ aM@oOTepHBIMU CBOM-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

ctBamu. CoelMHEHWE JIETKO paCTBOPSIJIOCh B METAHO-
Jie, COJISTHOU KWUCJIOTe, 3TaHoJjie, Bojae, H-OyTaHOJIE,
alieToHe, 3TUJIOBOM CITUPTE, OEH30JIe U U3OITPOITUIIO-
BOM CIIMPTE, HO HE PacTBOPSJIOCH B IE€TPOJIEHHOM
acdupe, rekcaHe 1 xjaopodopme.

XUMHYECKHEe CBOMCTBA AHTUMHUKPOOHOTO COeINHe-
HUd. BoineneHoe coequHeHUE Aal0 MOJOXUTEbHbIE
pe3yJabTaThl B CJIEAYIIUX TECTOBBIX peakuusx: Mou-
1I1a, B peaKIIN¥ ¢ HUTPOIIPYCCHUIIOM, C pacTBopoM PDe-
JIMHTA, peakliuu Maiisipa, B TeCT€ C HUHTUJIPUHOM, B
peakiMu cepeOpsiHOrO 3epkajia. Pe3ynbrarhl TeCTO-
BBIX peaKlIuii ¢ XJIOpUAOM XKejesa, TectoM Cakaryum,
peaknn ¢ cyab¢paTOM CBUHIIA, peaKIUW Djprxa u
peakist MutoHa ObUTH OTpULIATEIbHBIMU (Ta0JI. 2).

Buonornyeckass aKkTUBHOCTDb BBIIEJIEHHOTO CO€IM-
HeHHs. BrimeneHHoOe U3 KYJBTYpaJbHOU XUAKOCTU
S. rimosus MTCC 10792 coenunHeHne o0JIagaao ak-
TUBHOCTBIO TIPOTUB LLIUPOKOTO CEKTPa MUKPOOpra-
HU3MOB, 00JIaJaI0IINX MHOXECTBEHHON PEe3MCTECHT-
HOCTBIO K JIEKAPCTBEHHBIM CpEACTBaM, ILTaMMOB
TPaMIOJIOXUTEILHBIX M TPaMOTPULIATEIbHBIX OaKTe-
puii, a TaKKe ITPOTUBOTYOEPKYJI€3HO aKTUBHOCTBIO.
Ne 5
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Tadamna 3. MuHUMaabHAs MHTMOMPYIOLLAS KOHIEHTPpALUs aHTUMUKPOOHOTO COeIUHEHMSI, BBIACICHHOTO U3 KYJIBTY-
panbHOM Xuakoctu S. rimosus MTCC 10792, 1 okcuTeTpallMKINHA

Uccnenyemblii opraHu3M

Mpycobacterium tuberculosis H37Rv
Mpycobacterium tuberculosis H37Ra
Bacillus subtilis (MTCC 1789)
Bacillus pumilus (MTCC 1607)
Bacillus megaterium (MTCC 1684)
Bacillus cereus (MTCC 1305)
Bacillus cereus (ATCC 10876)
Staphylococcus aureus (MTCC 96)
Staphylococcus aureus (MTCC 737)
Staphylococcus epidermis ((IMTCC 435)
Salmonella typhi (MTCC 531)
Proteus vulgaris MTCC 1771)
Klebsiella pneumoniae (MTCC 2405)
Escherichia coli (MTCC 1667)
Escherichia coli (ATCC 35218)

BhiieieHHOE coeMHeHNUE, MKT/MJT OKCUTETPpALMKINH, MKT/MJT
25.00 —
25.00 -

6.25 6.25
6.25 6.25
12.50 6.25
12.50 6.25
12.50 12.5
6.25 6.25
6.25 6.25
6.25 6.25
6.25 6.25
12.50—25.00 6.25
12.50—25.00 12.50
6.25—12.50 12.50
6.25—-12.5 12.5

BrieneHHOe coeMHEeHWe B KOHLIEHTpAIMU 25 MKT/MJT
UHTUOUpoBaio pocT M. tuberculosis H37Rv u M. tuber-
culosis H37Ra, 94TO CBUIETEIBCTBOBAJIIO O TOM, UTO
BBIIEJIEHO HOBOE COEJUHEHME, HE BBISIBJIEHHOE pa-
Hee y ITamMMoB S. rimosus (Tadi1. 3).

HeobxommMocTh pa3paboTKT HOBBIX aHTHOMOTH -
KOB JJIsI OOpBHOBI ¢ OAKTEpUSIMU, KOTOPBIE 00/1a1al0T
MHOXKECTBEHHOM JI€KAPCTBEHHOM PE3MCTEHTHOCTHIO,
MpEeACTaBIsIET 3HAYUTEIbHbIE TPYJIHOCTA U CTaBUT
HOBBIC 3a1a4M nepea OMoTexHoaoruei u papmanen-
TUYECKOI IPOMBIIIUICHHOCTBIO. .S. Fimosus NCTIOb3Y-
€TCsI B IPOMBINIUICHHOCTH IJISI TIPOM3BOACTBA OKCHU-
teTrpanukiauHa. llltamm S. rimosus 1iepBoHaYaIbHO
OBbLI BbIAEJeH U3 IOoYBbl. HOBBINM aKTUBHBIN MPOIY-
LCHT, UACHTU(MULIMPOBAHHBIN KakK S. rimosus subsp.
rimosus MTCC 10792 taxske BblIeIeH U3 ITOYBHI B 3a-
noBegHuke Uxarrucrapx (Mumoust) mig wccienosa-
HUSI €0 aHTUMHUKPOOHON aKTUBHOCTU. AHAJIN3 BbI-
JIEJICHHOTO M3 KYJIBTyPaIbHOM XUIKOCTH 3TOTO MUK~
poopraHm3Ma COeAMHEHUS II0Kasajl, 4YTO OHO
MPUHAIIEKUT K IpyIine okcuteTpauukinHa. Coenu-
HeHUe 00J1aaJI0 IUPOKUM CIEKTPOM aHTUOAKTEpH-
aJIbHOI aKTUBHOCTH KaK 110 OTHOILICHUIO K TPaMITOJIO-
XUTEJIbHBIM, TaK ¥ TPAMOTPULIATEIbHBIM OaKTEPUSIM C
MHOXECTBEHHOI JI€KapCTBEHHOM pPEe3MCTEHTHOCTHIO,
a TaKKe IPOTUBOTYOEPKYJIe3HOM aKTUBHOCThIO. CHH-
Te3UPYEMOE 3TUM ILITAMMOM JIPYTO€ BEIIIECTBO, KOTO-
poe He ObLIO A0 KOHIIA OYMIIEHO, TTOKa3bIBaIO BHICO-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

KYI0O aKTUBHOCTDH ITO OTHOLLIEHHNIO K rp1/16aM. B Hacro-
AEC BPpEMA €0 XUMHUYCCKOE CTPOCHUE N3Yy4acTCA.
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Purification and Chemical Characterization of Antimicrobial

Compounds from a New Soil Isolate Streptomyces rimosus
MTCC 10792!
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Abstract—A new isolate of Streptomyces sp. from soil of state Chhattisgarh (India) having broad spectrum
antibacterial and antifungal activity was obtained. The active strain was identified as Streptomyces rimosus
subsp. rimosus with accession number MTCC 10792 based on physiological, biochemical characteristics and
16S rRNA sequence homology studies. Antimicrobial compound produced by S. rimosus was tested against
the drug resistance pathogens by the Bauer and Kirby method. The crude active metabolite was extracted
using solvent n-butanol and purified by silica column chromatography and HPLC method. The physico-
chemical characteristics of the one purified compound viz. color, melting point, solubility, elemental analy-
sis, ESIMS, IR, UV, IHNMR, 3CNMR and chemical reactions have been investigated. Purified antimicro-
bial compound produced by S. rimosus MTCC 10792 at concentration 25 pg/ml showed antitubercular activ-
ity against Mycobacterium tuberculosis H37Rv, Mycobacterium tuberculosis H37Ra as well as broad activity
against all tested bacterial and fungal pathogens.
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JTEUCTBUE MACEJI KOPUIIBI 1 JIABAHIBI HA DKCIIPECCHUIO I'EHA
FisZ Staphylococcus aureus ATCC 29213
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IMokaszaHo BaMsSIHME MaceJ JIaBaHAbl M KOPULIBI Ha KCIIpeccuto reHa FisZ y mramma Staphylococcus aureus
ATCC 29213. DTu Maciaa 4aCTUYHO UHTUOMPOBAIM TpacKpuUMiuuo FisZ, 4To IPUBOAWIIO K HAPYLIEHUIO
KJIETOYHOTO JIeJIeHUSI Ha ypoBHE (hOPMUPOBAHUSI CETThl. MeXaHU3M JeMCTBUS Macesl aHAJIOTUYeH MeXa-
HU3MY JeWCTBUSI JIEKAPCTBEHHBIX MPENapaToB, MPUMEHSIEMbBIX B Tepanuu cTa(prUIOKOKKOBBIX MHMEKIINIA.
[MpencraBieHHbIE pe3yabTaThl MOTYT OBITh OCHOBOM NaJIbHEHIIINX OoJiee AeTaTbHbIX UCCIEI0BAHUMN BIIMSI-
HUS 2PUPHBIX MaceJ KOPUIIbI U JlJaBaHIbl Ha CMHTe3 0elKoB FtsZ Ha moCTTpaHCKPUIIILIMOHHOM yPOBHE U1
NPYTUX CTAAUSIX KJIETOYHOTO JIeJIeHUS KakK y S. aureus, TaK V IPYTUX IMTaTOTEHHBIX OAKTEPUIiA.

DOI: 10.7868/50555109913050048

Poct ycTroitunBocTH O0aKkTepUuii K 1eHCTBUIO aHTH-
OMOTHMKOB JiejIaeT YPE3BbIYAiHO aKTyaJIbHbIM MOMCK
JIPYTUX BEIIECTB IJISI aHTUOAKTepHUaIbHON TepaITvim.
ITIpoTMBOMUKPOOHBIE CPEICTBA CUHTETUYECKOTO TN
MIPUPOTHOIO IIPOUCXOXACHUSI, THTUOUPYIOIINE POCT
OakTepuii, — ajJbTepPHATUBHBIA METOI aHTUMUKPOO-
HOW XMMHUOTEpanmMu. AHTUMHMKPOOHAsE aKTUBHOCTH
3(pUPHBIX Macesl U MX KOMIIOHEHTOB, B TOM YMCJIC X
CITIOCOOHOCTh MOHABIISITH POCT OAaKTEpHii, XOPOIIO
n3yueHa [ 1]. Buonornueckume cBoiicTBa 3(pUpHEIX Ma-
CEJI U UX aHTl/IMI/IKpOGHy}O AKTHUBHOCTD ITPUITHUCHIBAJIN
pa3IMYHBLIM COEIVMHEHUSIM, BXOASIIUM B €r0 COCTaB,
TaKUM Kak (PrIaBOHOMIBI, TEPIICHOMIBI 1 (PEHMIITTPO-
naHouasl [2]. JleicTBUEe 3THUX BEIIECTB OCHOBAHO Ha
JIeHaTypaluy OeJIKOB MeMOpaH, BHI3BIBAIOIICH pa3-
pyllleHHe BHEIIHMX MeMOpaHHBIX CTpyKTyp. Kak
CJIEICTBHE MHAKTUBUPYIOTCS (DEPMEHTHI, Y4aCTBYIO-
1Y€ B CUHTE3€ CTPYKTYPHBIX KOMIIOHCHTOB OaKTe-
PUAIbHBIX KIETOK, IPOUCXOOUT AECTAOMIN3AIINS CY-
CcTeM MepeHoca MTPOTOHOB U 3JIEKTPOHOB, a TAKXKe Ha-
pyllleHMe aKTUBHOIO TpaHcHopTra. B manbHeiimem
MIPOMCXOAUT KOAryJISIIMs COAePKUMOTO KJISTKM, Ha-
pylieHue 0apbepa, nHruonponsanme cuHresa JHK,
PHK, GenkoB u mnoaucaxapuaoB OaKkTepuadbHON
KJIETKM, YTO IIPUBOOUT K HapylIIeHHWIO OOMEHa Be-
IIeCTB 1 aeneHus [3].

benoxk FtsZ, ¢dopmupyromnimii Z-KoJblio, SIBISIET-
Cs1 KOHCEPBAaTUBHBIM OaKTepPUATBbHBIM ILIMTOCKEJIET-
HbIM O€JIKOM, KOTOPBIil UTpaeT BaXXHYIO pOJib B UHU-
LMalMy Tpoliecca eJIeHUs KJIETOK U TO3TOMY MO-
JKET CIYXXKWUTbh XOpOIllell MUIIEHbIO MPU pa3padoTKe
aHTuOakTepuaabHbiXx cpeacts [4]. FtsZ — GakTtepu-
anmpHast ['Td-3aBucuMas TyaHO3HMHTpHUGOCTdaTasa.
Ilpu nenenun FtsZ BkimodaeT u apyrue O€JIKu Kiie-

TOYHOTO AeJIeHUs B IPOLIECC CUHTE3a IEePEeTOPOIIKH,
HEeOoOXOOUMOM IJIsT OTASICHUSI JOYepHEe KIeTKU [5].
Ilotepst um nuarnoupoBanme ¢pyukuumn FtsZ npuBo-
JUT K HapylUIEeHWIO CUHTE3a KJIECTOYHOM CTEHKM, K
(OpPMUPOBAHMIO BHITSIHYTBIX LIETICH KJIIETOK, AeIaeT UX
MEXaHWYEeCKN HeCTaOMIbHBIMU 1 IPUBOIUT K MX pa3-
pyireHuio [4]. AHTUMUKPOOHBIE areHTHI, MMEIOIINE
cpoacTBo K FtsZ, moaaBiisitoT 3KCIIPECCUIO 3TOro 0eika
M IEPCIEKTUBHBI U151 pa3pabOTKI HOBBIX JIEKAPCTBEH-
HBIX CPEJICTB.

Ilenb paboOThl — BBISICHEHHE IEWMCTBUSI Macesl Jia-
BaHIbl M KOPULIBI, IBYX aHTMMUKDPOOHBIX arcHTOB
€CTEeCTBEHHOTO TTPOUCXOXKICHNS, HAa SKCITPECCHIO TeHa
FtsZy muramma Staphylococcus aureus ATCC 29213.

METOAMKA

ITon0op KoHIeHTpaMM Mace JIABAHIbI U KOPHIIBI 1
BpeMeHU MHKYOAIMM [IJI MCCJIEI0BAHMS IKCIIPECCHH Ie-
HoB. IlItamm S. aureus ATCC 29213 akTUBUPOBAIU C
TIOMOIIILIO ABYKPATHOTO TIepeceBa M BhIpaIIMBaHWsI HA
TpuntukazHo-coeBoMm arape (TCA, “BioMerieux”,
®dpannus) npu 37°C 48 4. HecKoabKO KOJIOHWI HOY-
HOM KyJIBTYpBI cycrieHaupoBaiu B LB cpene (“Sigma”,
CIIIA) ¢ TakKMM pacyeToM, YTOOBI IJIOTHOCTh TTOJTy-
YeHHOI CYCITEeH3UM KJIeTOK aocturana 4.0 mo mkae
npospau”octy Mak®apnanga (~1.2 x 10° KOE/mn).

IIpobupku ¢ KyabTypoil AeJWJIM Ha 7 3KCHepu-
MEHTATBHBIX TPYMIT: KOHTPOJIbHAs (HEOOpaboTaHHAas
Kynbrypa), Kyasrypsel ¢ 2.5, 0.25 u 0.025%-HbIMU
(06./006.) KoHLIeHTpauuaMu Macell Cinnamomum zey-
lanicum i Lavandula officinalis, moiy4eHHbIMU U3
(“Avicenna-Qil”, ITonpma), B Kaxmoit 1o 3 moBTOp-
HocTu. 11 aHaIM3a KOJIMYeCTBA KM3HECITOCOOHBIX
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s Gell\ﬁ?uank Ten aMHJIII)/lai(S(l;/Il-(:BI.), o [Tpsimoii/o6paTHbBII [TocnenoBarenbHOCTh 5" — 3'
EU914258.1 | FisZ, Temmnepatyposa- 120 npsimoii AAAGCTGCAGAGGAATCTCG
BZ“(%‘;“Z)HH MYTaHT OBpATHEI TTTAGCAACGACTGGTGCTG
D83357.1 16S rPHK 136 MpSAMOit GGGTCATTGGAAACTGGAAA
165 puGocomanyuasn PHK 06paTHBLl CGCACATCAGCGTCAGTTAC
NC_002952.2| gyr A, cyGremmtuua 126 npsimMoi CGTGAAGCGGTTGTAAATGA
AHK-rupasst oBpaTHE TTCTTCAACACGGTCCATGA
NC _002952.2| gyr B, cyobenuHuia 138 MpsIMO GGTGGCGACTTTGATCTAGC
AHK-rupaset 0GpATHBIIA GGTGGCGACTTTGATCTAGC
EF680394 tfu, hakTop JOHTAIIUU 138 pAMON CTGTAATCGCTGGTTCAGCA
TPAHCIAIIH oGpaTHbiii CTGGCATCATGAATGGTTTG
JQ740586 | tip, Tpuosodocdar- 125 npsivMoii ACGAAGAGCGTGAAAGTGGT
nsomepasa 0GpaTHBbII GATTGCCCAGATTGGTTCAT

KJIETOK 0ToOMpanu rmpoonl 1o 0.1 mayepe3 0, 1,3 n 64
rocjie Havajla MHKyOalluu, ¢ MOMEHTa J100aBJICHUS
MacJjia JJaBaHIbl WX KOPULIbI K UCCIICAYeMOI KYJIBTY-
pe. Pa3sBemeHHBIE aTMKBOTHI HAHOCWIIM Ha TIOBEPX-
HOCTh CTEPMJIBHBIX YallleK C arapu30BaHHON cpemnoit
LB u unkyoupoBanu 24 4 nmpu 37°C. Kpuble pocta
0GaKTepuii MOCTPOSHBI HA OCHOBAHUM MOACYETA CPE/I-
Hero 3HauyeHuss KOE/Mn mis1 Tpex moBTOPHOCTEN U
CTaHIAPTHOTO OTKJIIOHeHMs. CTaHIapTHOE OTKIIOHE-
HUE MPU pacyeTe KU3HECTTOCOOHOCTU OaKTEepUil He
npesbiinano 0.3 KOE.

OnpenesieHne OTHOCHTEJbHOH 3KCIPEeCCHH TeHa
FisZ. B Kyawrype S. aureus. JInsa vccienoBaHus Oeii-
CTBUSI MaceJi JlaBaH bl 1 KOPUIIbI Oblia BbIOpaHa KOH-
uenTtparnus 0.025% (06./00.) M IIUTEIbHOCTDh MHKY-
Oaiuu 3 4, MOCKOJIBKY B TAKMX YCJIOBUSIX POCT S. au-
reus 3(PEeKTUBHO TTOAABIISIIICS 0e3 OBICTPON THOETN
kieTok. Yepe3 3 4 orOmpanm aaukKBOTHI Imo 1.0 M
KYJIBTYpHI, cofepxkalieil acupHbie Maciia/ GU3noao-
TMYECKUIA pacTBOP (B 5 TIOBTOPHOCTSIX) U LIECHTpUDY-
rupoBanu 1ipu 6000 g 3 MuH. bakTepuaabHbIil 0CagoK
pecycrienaupoBaiim B 100 mxn TE-6ydepa (10 MM
tpuc-HCI, 1 MM BATA, pH 8.0; “Sigma”, CIILA),
coaepxaiero 2 Mr/mi auzonuma (“Sigma”, CIIIA),
MOCJIE YETO TMOJIYYEHHYI0 CMECh UHKYOMPOBAIU MpHU
37°C 5 muH. 3areMm Bouiaensin PHK B cooTrBeTcTBUM
CO CTaHIApPTHBIM MPOTOKOJOM MpPOU3BOAUTEST Nu-
cleoSpin® RNA II (“Macherey-Nagel GmbH and
Co”, [epmaHus) ¢ ipuMeHeHneM (pepMEHTATUBHOTO
pacuieruieHus: reHomHoit JIHK. KonuuectBo u uu-
croty nnojiyueHHoii PHK onieHMBasiM KOJIMYECTBEHHO
0 ONTUYECKOM IUIOTHOCTU mpu 260 m 280 HM Ha
crekrpodoroMeTpe NanoDrop 1000 (Thermo Fisher
Scientific Inc., CIIA). LlenoctHocTh PHK npoBepsi-
JIM METOIOM Trefib-3JIeKTpodopesa B 1 %-Hoii arapo3e.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Cunte3 k/IHK mpoBonuim ¢ ncmojib30BaHIEM KOM-
nonentoB DyNAmo™ SYBR® Green 2-Step qRT-
PCR kit (“Finnzymes”, ®uHIIHIUSI) B COOTBET-
CTBUM C UHCTPYKIIMEN U3TOTOBUTEIS.

TP mpoBoaniM B pexXxuMe peabHOTO BpEeMEHU
(PT-IILP) ¢ ucronb3oBaHWEM KOMIIOHEHTOB TOTO
K€ KOMIUIEKTa OJIMTOHYKJIEOTUIHBIX MpaliMepOB
XpoMaTorpauiyeckoil YMCTOTbl, CUHTE3UPOBAHHBIX
B “Genomed” (ITonpma). [Ipaiimepsl Ob11H pa3pado-
TaHbI C UCITOJIb30BAHUEM MPOrPAaMMHOTO obecreye-
Hust Primer 3 Whitehead Institute for Biomedical Re-
search (CIIIA). B tex ciygasix, Korga MccieayeMble
MOCeA0BaTeIbHOCTU FT€HOB HE ObUIY Hali/ieHbl B Oa-
3e gaHHbIX GenBank, mpaiiMepbl co3maBaiu s
KOHCEpPBAaTUBHBIX Y4YaCTKOB T€Ha, KOTOpble ObLIU
CKOHCTPYMPOBaHbl HA OCHOBAHUM MHOXECTBEHHOTO
BbIpaBHUBAHUsI MOCIEA0BATEIbHOCTEN IIsI NPYyrUX
LITaMMOB S. aureus C UCMOJb30BaHUEM IPOTpaMM-
Horo obOecrnieueHusi BLAST. TlocnemoBarenbHOCTH
npaiiMepoB MPUBEICHBI B Ta0. 1.

Peakuum mnposogunu Ha Rotor-Gene 6000
(“Qiagen”, IepMaHMsI) C UCIIOJIL30BAHUEM CJICIYIO-
miero mmporokoia: 95°C B reueHue 15 MUH IS UHU -
nuauuu ropsyero crapra JJHK-monumMepassl, 3atem
30 umkinoB nipu 94°C 5 ¢ mis meHaTypamuu, 3aTeM
56°C 20 ¢ mst orxkura u 72°C 15 ¢ 11t HapalBaHus.
ITocne mpoBemeHMsT LUKIOB IS IIOATBEPXKICHUS
CITeHM(PUIHOCTH aMIUIN(pUKAINA TPOBOMNMINA aHa-
JIN3 KPUBBIX MJIABJICHUSI C HEMTPEPBIBHBIM U3MEPEHM -
eM daryopeceHIMU. Bece maHHbBIE OBLIN ITpOAHAI3W -
POBaHBI C UCIIOJIb30BaHMEM IIPOrPAMMHOIO O0ecIIede-
Hust Rotor Gene 6000 v.1.7 (“Qiagen”, Iepmanus).
OTHOCUTEIbHYIO KCIIPECCUIO TE€HOB OIPEAeIsUIn C
noMoIibio mporpammHoro obecrieueHust 2008 Corbett
Research, Australia and M. Pfaffl, Technical University
Ne 5
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KOE, mn
3%10°

2x10°

Wuarnduposanue pocra S. aureus ATCC 29213 B IpUCYTCTBUYM pa3IMIHBIX KOHLIeHTpauuii Macen L. officinalis (1—-3) u C. zey-
lanicum (4—6). 2.5 (1), 0.25 (2), 0.025% (3) — xoHLIeHTpalK Macet JaBaHabl; 2.5 (4), 0.25 (5), 0.025% (6) — KOHUEHTpaUUu
Maciia Kopunbl. KoHTponbs — HeoOpaboTanHas Kyaerypa (7). [IpuBeneHsl cpenHre 3HAaYeHUS, TTOJyYeHHBIE B 3 9KCIIEpUMEH-

Tax, U CTaHAAPTHOC OTKJIOHCHUCE.

Munich, Germany (ABctpanusi, [epmaHus), UCHOJb-
3ys1 aJIroput™ Koppekunu 3 dexkrtuBHoctu [11P, pas-
pa6oranusiil Ildadur ¢ coast. [6]. YTOOB KOMIIEHCH-
poBaTh KojiebaHus B KoHUeHTpalussx KIITHK 1 achdex-
TuBHOCTH IIIIP B pasHbIX MpoOMpKax MPOBOIWIN
ammmmdukanuio 16S pPHK mimm sHIOreHHBIX TEHOB
KOHTpPOJISL, T.€. gyrA, tuf, tpi, B KaxXooM obOpaslie, pe-
3yJIBTaTbl KOTOPOW UCIOJb30BAIUCH Il HOpMaIn3a-
uuu. PesynbraThl ObLIM TPEACTABICHBI B BUIE OTHO-
LLIEHUS 9KCITPECCUU UCCIIeTyeMOTO I'eHa K 3KCIIPECCU N
reHa cpaBHeHUs1. CraTucTuUyecKass JOCTOBEPHOCTb
pa3IYUii MeXIy pe3yjbraTaMUu OLIEHKU DKCIPEeCCUU
T€HOB B KOHTpOJIE U B Ipo0axX, MHKYOMPOBAHHBIX C
3(UPHBIMU MacIaMU, OTIPEACIISUIN C UCTIOJIb30BaHUEM
U-tecta Manu-Butau (STATISTICA™,  StatSoft,
Tlonsia). PesynsraTel ¢ P< 0.1 curTany 3Ha4YMMBIMU.

PE3VIJIBTATBI 1 UX OBCYX/IEHUE

ITonGop KOHIEHTpAaMu Macesl JaBaHbl, KOPUIIbI 1
BpeMeH! MHKYOAIMH /I UCCIIeI0BAHUS SKCIIPECCHUH re-
HOB. Macjia KOpHIIbI M JIaBaHIIbl B KOHIIEHTpAIMu 2.5,
0.2510.025% (06./06.) THTUOMPOBAII POCT S. aureus
ATCC 29213 B 3aBUCUMOCTU OT BPEMEHU MHKYOAllUU
(pucyHoK). bbl1o mokaszaHo, YTO MPUCYTCTBUE Macjia B
KOHIIEHTpaluy 2.5% TOMHOCTbIO YOWBAJIO KIIETKU
MUKPOOPTraHU3MOB Tiocsie 1 4 mHkyOanuu. [Tpu wc-
TIOJIb30BAHUY Macesl KOPULILI U JIaBAHILI B MHTEPBAJIe
KoHueHTpaLuii ot 0.25 10 0.025% HabJr0aaJIU MHTU-
OupoBaHME pOoCcTa MUKPOOPTaHU3MOB, HaYMHas ¢ 1 4
nHkyboanuu. [Ipucyrctere 0.025%-Horo Maciia oka-
3bIBAJIO CKOpee O0aKTepMOCTaTUYECKUii, yeM OakTte-
punuaHbi 3 dekT. biaromaps Msarkomy, Ho 3¢ dek-
TUBHOMY BO3JIEUCTBUIO 2(DbUPHBIX Maces Ha S. aureus
ATCC 29213 B oT0Ii KOHLIEHTpAlIMM, 3Ta J03a ObLia

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

BBIOpaHa KaK OINTUMaJibHasl I UCCIIENOBaHUS DKC-
npeccuu reHa FisZ.

AHTUMUKPOOHOE IeCTBUE Macesl JIaBaHIbl U KO-
PULIBI U UX OCHOBHBIX KOMITOHEHTOB XOPOIIIO ONKca-
HO U UCToJib3yeTcs B (putotepanuu [7, 8]. MHOY ¢ co-
aBT. [9] moaTBepAMJIM, YTO OCHOBHOI KOMIIOHEHT
Macjia KOpUILIbI — KOpUYHBIA anbaerus (63.1%) — 06-
JlagaeT 6oJiee BHICOKOM aHTUMUKPOOHOM aKTUBHO-
CTBbIO MO oTHowIeHUIO K S. aureus FDA 209P, yem
Macjio JaBaHObl, comepxaiee jguHamoon (30.1%).
BbbU10 TTOKa3aHO TakKe, YTO aHTUMUKPOOHAST aKTHUB-
HOCTh MaceJl KOPUILI Y JIaBaHIbl UACHTUYHA aHTU-
MUKPOOHOM aKTMBHOCTU MX OCHOBHBIX COCTaBJISIIO-
IIUX — KOPUYHOTO aJIbAeTUaa 1 JIMHAI00a, 151 KO-
TOPBIX MUHUMAJIbHBIE WHTUOUPYIOIIE T03bl ObLIU
ornpeneneHbl Kak 6.25 u 50 Mr/JI COOTBETCTBEHHO.
Macno kopuisl B KoHeHTpaunu 0.125% o6iamano
BBICOKOI aHTHOAKTepHaIbHOM aKTUBHOCTHIO ITO OT-
HoteHuu S. aureus ATCC 29213. Yepes 60 MuH mocire
Hayajla MHKyOalluu B TIPUCYTCTBUU Macja KOPUIIBI B
koHueHTparmu  0.125% (06./06.) mpoucxomuio
YMEHbIIIEHHE KU3HECIIOCOOHOCTH KJIeTOK Ha 42.86%,
YTO COTJIACOBBIBAJIOCH C HAIIUMU pe3yJIbTaTaMu, Io-
JiyaeHHbIMU paHee [10].

OnpeneneHne OTHOCHTEIBHOH JKCHpeCCHMM TeHa
FisZ B Kyasrype S. aureus. bblio oOHapyXkXeHO, 4TO
Macia M KOPHWIIBI W JIaBaHIBl B KOHIICHTpaIlMU
0.025% cHuxxanm 3Kcrpeccuio reHa FisZ B KyabType
S. aureus ATCC 29213 o otHomeHwmto K 16S pPHK
W BCEM MCCIIEIOBAaHHBIM 3HIOTeHHBIM TeHaM: 16S
pPHK, gyrA, gyrB, tuf v tpi (Tab. 2). bblio mokazaHo
BIIEpBbIC, UTO Macja JiaBaHIbl U KOPHUIIbI CITTIOCOOHBI
IMOIABJIATHL AKTUBHOCTD FIsZ.

MexaHn3M BO3IEHCTBUS Maceal KOPUIIbI 1 JJaBaH-
JIbl Ha S. aureus B HacTos11ee BpeMsl He siceH. B pabo-
Ne 5
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Te [10] OBUIO TIOKa3aHO, YTO MEXaHU3M JEUCTBUS
MacJia kopulibl Ha S. aureus ATCC 29213 ocHOBaH Ha
pa3pyuieHu MeMOpaHHOM 00O0JI0YKM, OTHAKO OKa-
3aJI0Ch, YTO MeMOpaHa He SIBJISIETCS TIEPBOI MUIIIEHBIO
aHTUOaKTepuaibHOro JeictBus. IlepBoHavyaabHO
KJIeTKH S. aureus, oO6pabOTaHHbIE MAacjOM KOPWUIIBI,
OCTaBaJIACh KM3HECIIOCOOHBIMI, HO HEKYIBTUBHUpPYE-
MBIMM, YTO COITPOBOXIANIOCH 3HAUUTEIbHBIM CHIIKE-
HUEM MeTa00JINYeCKO aKTMBHOCTH, COKpallleHHUEM
TpaHCIOPTa ITMTATeIbHBIX BEIIECTB, MHTEHCUBHOCTHU
IBIXaHUS U CIIOCOOHOCTHM K perutMKaumu. Hekynsru-
BUPYEMOE COCTOSIHUE SBJISIETCH ONHOUW U3 CTpaTeruii
BBDKMBaHUS OaKTepUii B OTBET HA CTPECC WJIM OTHOM
13 GU3NOTOTUYECKMX CTAIMI Ha 3Tare ruoen Kie-
TOK. B manbHeiillieM Maciao KOpULbl MPUBOAUIIO K
pa3pyuieHnIo MeMOpaH u rudenu S. aureus. OmHaKoO,
5TO HE€ €OUHCTBEHHBIM MEXaHWU3M BO3ICHCTBUS
3(pUpHBIX MaceJl Ha pocT S. aureus. ABTopaMu padbo-
ThI [11] GBLTO MOKa3aHO, YTO KOPUYHASI KUCIOTA UH-
rnoupyeT (pepMEHTHI, YIACTBYIOIINE B ITOIJIOIICHUN
NTIOKO3bI U cuHTe3e AT®D y S. aureus. Jlomanua ¢ co-
aBT. [12] oOHapYXWIU, UYTO KOPUIHBIN aTbIeTHI UH-
rubupyetr ['T@-3aBucumMyto nonumepusauuio FtsZ,
CBSI3BIBACTCS C O3TUM OEJIKOM, UYTO IIPEMHsSTCTBYET
dopMUPOBaHUIO Z-IIUKJIa, YMEHBIIAET 4acToTy Z-
KOJIell Ha eIMHUILY JIMHBI KJeTku E.coli. KpoMe To-
ro, KBoH c coaBrt. [13] mokazaiu, YTO KOpUIHEIH aJlb-
nernn 3pGeKTUBHO MHAKTUBUPOBAJ KJIETKU Bacillus
cereus, a TaKXXe U MHTMOMPOBAJ JieJiIeHUe KJIETOK 0e3
CYILIECTBEHHOTIO CHIMZKEHUS UX IUIOTHOCTHU, UTO IIPO-
MCXOIMT, Korna 6enok FtsZ mnakrtusupoBaH. Mcce-
JIOBAHO BJIMSIHUE PA3JIMYHBIX (PeHOIbHBIX COeIUHE-
HUIA TPaBSIHUCTBIX PAacTEHUI, TaKMX KaK B3BIEHOJ,
TpaHC-KOPUYHAs KuCJIOTa, 4-(hopMUI-KOPUIHON
KUCJIOThI, HAPMHTEHMHA U KOPEMHOBOI KMCIOTHI Ha
E. coli [5]. CambIM 3 DEKTUBHBIM UHTUOUTOPOM T10-
muMmepusaunu  FtsZ okasaiach TpaHC-KOpHYHast
KHCIoTa, Torgja Kak 4-gopMuy KopuuHasl KUCJIoTa
Obl1a HaMMmeHee 3(h(GEKTUBHBIM WHTUOUTOPOM U3
BCEX MCCJICIOBAHHBIX COeINHEHNIA.

Jpyrue npumepbl IPUPOIHBIX COETUHEHUI, MO-
JaBiasammx GpyHKIW FtsZ, MOTyT CIIyXUTb KypKy-
MWH, BAPUIAUTOKCUH, TUXaMEHTUH, TOTApOJI, CAaHT-
BUHapWH, 0epOepuH, XpU30(hacHTUHBI, a U3 CUHTE-
TUYECKUX UHTMOUTOPOB, Takre Kak 3-[(6-xmop [1,3]
THa3oJ0 [5,4-b] nupuauH-2-ui) MeToKcu]-2,6-11-
dropobenzamun (PC190723), 5-1,3-2- PC190723
(PC190723 anaior 8j), atumn-(8-((4-(muaTuiamu-
HO)- 1-MeTuI0y T )aMuHO)-2, 3-mudeHmamaprao(2,3-b)
nmpas3uH-6-w1) kapoamar (SRI-3072), stun (6-amuHO-
2,3-nuruapo-4-penwi-1H-mupumo (4,3-b) (1,4) ou-
azenuH-8-ui)kapo6amat (SRI-7614) u 3-{5-[4-0k-
C0-2-THoKCcOo-3-(3-TpudTopMeTUIHEHIIT)-TUAZ0TH -
JIUH-S5-unuaeHMeTw |pypaH-2-mi} 6eH30iHast KUCIO-
ta (OTBA) [4, 14]. DT coemuHeHMsI OKAa3bIBAIA
neuictBue myreM MHTHOMpoBaHus ['Tda3HOI aKTUB-
Hoctu FtsZ. OHM Bo3neicTBOBaIM TakKe U Ha TIOJIM-
Mmepmz3auuio FtsZ, Hapymias oOpa3oBaHue Z-KOJbIIA,
YTO B CBOIO O4Yepedb MPUBOAUIO K MHTMOMPOBAHUIO
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Taomuma 2. Dddexr apupHbIx Macen L. officinalis u C. zey-
lanicum Ha skcrnipeccuio reHa FisZ B xynwrype S. aureus
ATCC 29213

Okcnpeccus rena FrsZ, %
IeHbI cpaBHEHUST OT KOHTPOJIS
nnu rPHK
MacJIio JJaBaHIbl | MacJio KOPHUIIbI

gyrA 69 + 3* 73+ 2%
grB 65+ 12* 70 £ 13*
tuf 51+13* 67 + 16*
i 54+ 10* 52 + 8%
16S pRHK 44 + 4% 62+ 12*

*P < 0.01 — 3HayeHUsI, KOTOpPble CTATUCTUUYECKU TOCTOBEPHO
OTJINYAIOTCS OT KOHTPOJISI, OLIEHMBAEMOTO B paMKax MaH-Yur-
Hu U TecTa.

KJleToyHoro neyieHus [4, 14]. Tlapagu3-bie ¢ coaBsT.
[15] moka3amu, uyto aHajmoru I'TA — 1Mo OCHOBHOI
CTPYKTYype, COCTOSIIIIME U3 OCTATKOB I'yaHWHA, CBSI3aH-
HbIX ¢ Ajia 6okoBoii 1enbio (IAJI) ¢ paznuyHbiMu N- 1
C-3aMecTUTeNISIMM Ha KOHIIaX, HWMUTUPYIOT ecTe-
cTtBeHHbII cyocTpaT ['TD, uTo gemaeT ux nepcreKTUB-
HbiIMU uHTHUOUpamMu ['Tdas3Hoii akTMBHOCTU FtsZ.
Iyanunm — uz ctpyktypsl TAJl cBA3bIBaeTCS C aKTUB-
HBIM 1LIeHTpoM FtsZ u 6rmokupyet noctyn I'TdD, Ta-
KM o0pa3oM BbICTyIast B poju mHruouropa FtsZ.
Bbbei1o 1moKazaHoO, YTO cpead 9 CUHTE3MPOBAHHBIX
anajoroB I'T®, 5 wHrmbupoBanu poct S. aureus
ATCC 25923, npu 3ToM 2 u3 HUX ObUIM HauboJjiee
MepCHeKTUBHBIMY aHTUOAKTEpUAIbHBIMU areHTaMu.
Takum oOpazoM, Oenok FtsZ sBnsieTcst XOpoIinnMm
OOBEKTOM UIST pa3pabOTKM M MOMCKA IMOTECHIINAIb-
HBIX aHTUOMOTUKOB U MPUPOIHBIX COCIMHEHUI pa3-
JIMYHOW XUMHWUYECKON CTPYKTYpbl (aKajiouabl, de-
HOJIBI U TTotdeHonsl) [14].

PesynbraThl vccienoBaHUsI MOKa3aiu, YTO OMHUM
13 MEXaHU3MOB, C IOMOII[bIO KOTOPOT'O MacJja JaBaH-
JIbl 1 KOPHUIbI MOTYT MHTMOMPOBATh POCT S. aureus
ATCC 29213, aBnsiercs 1ojaaBieHe 9KCIIPECCUH Te-
Ha Ffs/ v Kak CJeICTBUE MHTMOMpPOBaHUE AETCHUS
o6akTtepuii. [IpeacraBieHHbIe pe3yJbTaTbl MOTYT CIY-
JKUTh OCHOBOW JJIs1 NaJIbHEHIIIMX JeTaIbHbIX UCCIe-
JIOBaHUU, KOTOpble HEOOXOAWMBI JISl BbISICHEHUS
JneicTBUsS 2(pUpHBIX Maces Ha cuHTe3 FtsZ Ha mocT-
TPAHCKPUMILIMOHHOM YPOBHE M Ha APYTMX CTagusixX
KJIETOUHOTO JEJIEHUS.
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Effect of Cinnamon and Lavender Oils on FrsZ Gene Expression
in the Staphylococcus aureus ATCC 29213!
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Abstract—This study was designed to determine the effect of lavender and cinnamon oils on FzsZ gene
expression in Staphylococcus aureus ATCC 29213. The cinnamon and lavender oils at least partially results
from the inhibition of FtsZ transcription and disruption of cell division process at the level of the septum syn-
thesis, what is similar to mechanisms of drug action used in anti-staphylococcal therapies. The presented
results could be an important background for the further detailed research, which is needed to clarify the
effect of essential oils on FzsZ synthesis at the posttranscriptional level and other stages of cell division process
of S. aureus and other pathogenic bacteria.
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JUIMUAHBIA COCTAB AKTUBHOI'O WUJIA ITMJIOTHON YCTAHOBKHU
AHADPOBHOI'O OKNCJIEHUA AMMOHUA

© 2013r. M. H. Ko3nos, M. B. Kesopuna, A. I'. lopocees, E. A. Kazakosa, B. A. Ipaués,
M. 1O. IToaskos, B. I'. Aceena, 10. A. Hukonaen

0OAO “Moceodoxanan”, Mockea
[Moctynuina B pegakuuio 12.02.2013 .

HccnenoBaH JTUMUOHBINA COCTaB MUKPOOHOTO COOOIIECTBA aKTUBHOTO WMJIa MUJOTHOTO peakTopa, OCy-
LLIECTBJISIIONIETO aHa9pPOOHOE OKUCIEHUE aMMOHMS (TTpoliecc aHaMMOKC) Ha KypbsTHOBCKMX OUMCTHBIX CO-
opyxkeHUsix (. MockBa). OCHOBHasI 4acThb KUPHOKHMCJIOTHOTO cocTaBa (95%) mpencraBiieHa TpaaulIMOH -
HBIMU XKUPHBIMU KHcs1oTaMU Ci4—C g KaK HOpMAJIBHOT'O, TaK Y U30CTPOEHUs1. B Ouomacce akTMUBHOTO Wia
YCTaHOBJICHO HaJIMYME JIMITUIOB, COMEPXKAIIX T.H. JaJaepaHOBbIe BelllecTBa (“JIeCTHUYHBIE” CHOUPTHI U
>KMPHBIE KUCJIOTbI), XapaKTepHbIe 11 aHaMMOKc-0akTepuii: Cyy-[3]-nannepanoBelii u Cyy-[S]-nannepa-
HOBbIN crupThl, Cig- U Cyy-[3]-mapnepanosas u Cg- u Cyy-[5]-nannepanossie kuciaotsl. Kpome toro, B
HaTUBHOM (HETUIPOJM30BaHHOM) 3KCTpaKTe OOHAPYKEHBI IPOCThIE U CJIOXKHBIE 3(DUPHI ITUX BEIIECTB C
ocrarkamu ¢ochoxosimHa, hocdosraHoramuHa, pochornuiepuna. s HEKOTOPbIX COeAUHEHUN TOTy-
YEeHBI 1 ITyOJIMKYIOTCS BIIEPBbIE CIIEKTPBI 3JIEKTPOHHOTO yaapa Y TAHIAEMHOM MacC-CIIEKTPOMETPUH.

DOI: 10.7868/S0555109913050061

bakTepuu — OCHOBHBIE YYaCTHUKM CaMOW Mac-
IMTaOHON OMOTEXHOJIOTMM — OYMCTKM CTOYHBIX BOI,
KOTOpasi B €€ COBPEMEHHOM BU/IE, C UCITOJIb30BaHUEM
akTWBHOTO Maa, co3gana 100 et Hazaz [1]. PazBurtne
9TOI OMOTEXHOJIOTUU CBSI3aHO C YCIIeXaMU MUKPO-
ouosorud U 6voxuMun. OTHON U3 HEJaBHO OTKPHI-
TBIX Y TOJIbKO BHEJPSIEMBIX B HACTOSIIIIEE BpeMs O1O-
TEXHOJIOTUI YIaJIeHUsI a30Ta U3 BOJbBI SBJSIETCS TIPO-
11eCC aHa’POOHOTO OKUCIEHUSI aMMOHMUSI — aHAMMOKC
(anaerobic ammonia oxidation), oTKpbIThIi B 90-X TO-
JIax IIponuioro Beka [2]. B aTom mpouecce aMmmoHMit
OKUCJISIETCSI HUTPUTOM MUKPOOpPraHU3MaMM, BXOIsI-
muMu B pymniy Planctomycetes u oGi1amatommx psi-
JIOM YHUKaJIbHbIX (DU3UOJOTUYECKUX U MOPPOJIOTH-
yeckux MpusHakoB. [Iporiecc aHaMMokc oOHapykeH
BO MHOTMX 9KOTOMAax — B OUMCTHBIX COOPYKEHUSIX, B
3a00JIOYEHHBIX MOYBaX, B MOpSX W OKeaHax, B TOM
yucie — B apkTudeckux [2—4]. TexHosorust Ha OCHO-
BE aBTOTPOMHOTO yaajieHUsl a30Ta MPeICTaBsIET CO-
00¥i KOMOMHALIMIO IBYX MPOLIECCOB: YACTUYHOW HUT-
pudukalum, B Xoae KOTOpPOil MOJOBUHA aMMOHUS
OKMCJISIETCS 10 HUTPUTA, U aHA?POOHOTO OKUCIIEHUS
aMMOHUSI HUTPUTOM (COOCTBEHHO Tipoliecc Anam-
mox). TexHoJiorusi aHaMMOKC peajrM30BaHa Ha He-
MHOTUX OYMCTHBIX COOpYkeHUsix EBpornbl, A3uu u
CIIIA. OAO MocBogokaHala B HACTOSIIEe BpeMsI
MPOBOAUT TiepBble B Poccuu TOMynmpOMBIIIICHHBIE
WUCITBITAaHUS 3TOM TeXHOJoruu. McribiTaHUsI TIPOILTH
CTaIuU TOJyYeHUS] HAKOMUTEJIbHOU KYJIBTYpbl aHAM-
MOKcC-0akTepuii u jjabopaTopHoro peakropa [5.] B
Hacrosiiee BpeMsi byHKIIMOHUPYET NMUJIOTHAsl ycTa-
HOBKa MPOU3BOAUTEIbHOCTBIO 900 J1/CyT, oumIiaio-

4 TIPUKIIAAHAA BUOXUMUA 1 MUKPOBUOJIOTUA

iast pUIBTpaT, MOJayYaeMblil OT CIYILIEHUSI COPOXKEH-
HOTO ocanka [6].

Baxnoif xapakTepuCTUKOI TIOOBIX MUKpPOOpPra-
HU3MOB SIBJISICTCS UX JIUIIUIHBIN COCTaB. Y aHAMMOKC-
OakTepuii 0OHapy>KeHbl YHUKAJbHbIC JUMUABI — T.H.
JIajiepaHoBbIe (JISCTHUYHbBIC) JTUMUABI (OT aHTII. lad-
der — 1eCTHUIIA), B COCTaBe KOTOPBIX UMEIOTCS CKOH-
JIIEHCUPOBaHHbBIE [INKJIOOYTaHOBBIE CTPYKTYPHI [7].

Ienap paboOThI — MCCIEAOBAHME JIMTTUIHOTO COCTA-
Ba aKTMBHOTO 1JIa OMOPEaKTOpa, OCYIIECTBISIONIETO
aHad’POOHOE OKMCIICHE aMMOHMSI.

METOANKA

AXTUBHBII W1 MMIMJIOTHOTO peakTopa, OCYIIECTBIIS-
IOIIIETO aHA’POOHOE OKUCIEHUE AMMOHUS B (pUIIBTpa-
Te COPOXXEHHOTO 0CajiKa CTOYHBIX Boa KyphsHOBCKMX
OYMCTHBIX COOPYXeHMIT I. MOCKBHI [6], 00Iagaromuiz
BBICOKOM aHAMMOKC-aKTUBHOCTbIO, COOMpaIn OTCTar-
BaHMeM B TeueHue 1 4, meHrpudyruposaau (1000 g,
5 MUH) Ij1s1 OTAEICHUSI U30BITOYHOIO KOJIMYeCTBa BO-
JIBI I ICTIOJIB30BAJIM JIJII UCCIICAOBAHMS JIMTIUIOB.

IloaroroBka oOpa3moB maA aHaam3a. Jlunuabl
9KCTparupoBayin AByMs1 crocodbamu. Crioco6 1. K
ocanKy mocje leHTpudyrupoBaHus (5 M) nodas-
JISLIU 5 MJI CMECH IMXJIOpMETaHa U METaHOJIa B COOT-
HomeHuM 1 : 1 [8], BcTpsaxuBanu 2 MUH B 3aKPBITOMN
NpoOUpKe U TEPEHOCUJIM B CTEKJITHHBIN 1LIEHTpU-
(byxHbBI cTakaHYMK. HUXKHUI ciloi TTocie HeHTpu-
¢dyrupoBanus (1000 g, 5 MuH) cobupaan B YUCTYIO
eMKOoCTb. [Ipolieaypy 3KCTpakliMu TOW Xe MOpLUU
Ne 5
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Puc. 1. XpomaTorpamMmma MeTUIIOBBIX 3(UPOB KUPHBIX KUCJIOT aKTUBHOTO MJIA.

ocaliKa MOBTOPSIIN M OOBEAVHSIIN ABE TTOPLIMU HIXK-
HUX CJI0€B XXUAKOCTHU, TTOCJIE YETO NX YIApUBAJIA 10-
cyxa IIoJa a30TOM TP KOMHATHOM TeMIlepaType.
Crioco6 2. K ocanky mocie ueHTpu(hyrupoBaHUs
(5 Mu1) MOOABISIM 5 MJI METAaHOJIA, BCTPSIXUBAIUA 2 MUAH
B 3aKpBITOI mpoOupke 1 neHTpudyruposaiu (1000 g,
5 muH). CymnepHaTaHT OTOpachlBaiM, OCAadOK 3KCTpa-
TUPOBAI OBAXIBl 5 MJI METUI-mpem-0yTUIIOBOTO
acdpupa (MTBD) npu 00pabOTKe YIBETPa3ByKOM B Yilb-
Tpa3BykoBoii 6aHe Bransonic 1510 (“Branson” CIIIA)
B TeYeHWE 5 MUH, MOCJIe Yero ynapuBail 3KCTPAKT
Jlocyxa Moj1 a30TOM MPpU KOMHATHOM TeMIlepaType.

ITosryyenne MeTHIIOBBIX 3(PHPOB KUPHBIX KHCJIOT. K
yIlapeHHOMY 3KCTpakTy (mosydyeHHoMy | uiau 2 cro-
cobom), comepxkailieMy 1 Mr BellecTBa, H0OABIISIU
400 MxJ1 pacTBOpa TpudTopraa 6opa B MetaHose (“Al-
drich”, CIIIA), HarpeBaJiu B 3aKPbITOM €MKOCTHU TIpU
80°C B TeyeHue 1 4. K oxnaxxneHHOI peaKLIMOHHOM
Macce 100aBisiu nocienonarebHo mo 400 MKJI BO-
IIbl U TeKCcaHa, BCTPSIXMBAJIM B 3aKPbITON MPOOUpPKeE
2 MMH, OTCTauBaJIu B TeYEHHE 5 MUH, COOMPATU BEPX-
HIOIO TeKCaHOBYIO BBITSDKKY. [Tpouieaypy MmoBTOpSIIu.
JIBe reKcaHOBBIC BBITSIKKU OObEIUHSIIN.

IToxygenne cumnoBbix 3¢upoB. K yrmapeHHOMY 9KC-
TpakTy (TosydeHHoMy 1 uiau 2 crmocobom), coaepka-
memy 1 Mmr BemiectBa, gobapmsim 150 mxin N,O-
ouc(tpumetrcwmun)tpudropaneramuaa (BTMCPA)
(“Supelco”, CIIIA), HarpeBaiu B 3aKpPbITO €MKOCTHU
npu 80°C B TeueHue 30 MmuH. K oxnaxkneHHOIT peakiiy-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

oHHoI Macce no6asisuin 400 mxs1 MTB3, pactBop uc-
MOJIb30BAJIU JIJISI aHAIM3A.

IazoBas xpomaro-macc-cnekrpomerpusi (I'X-MC).
HccremoBaHre TIpOBOOMIM Ha XpOMaTO-Macc-
crektpoMeTpe Momenn 6890/5975N dupmber “Agi-
lent Technologies” (CIIA). Xpomartorpaduyeckas
kojioHka: DB-5ms ¢upmbr “Agilent Technologies”
(CIA) auametrpom 0.25 MM, C TOJIIMHOMN CJIOSI HE-
noaBIkHOM da3sl 0.25 MxMm 1 mmnHOM 30 M. Temrre-
patypa umxekTopa 280°C. PexuMm MHXeKTOpa —
“0e3 pmeneHus Ioroka”. las-HocuTellb — renui,
cKopocTh noToka 40 cm/c. TemrnepatypHbIi pexXum
nporpaMMmupoBain: uszorepma 70°C B TedyeHUe
1 MmuH, HarpeB co ckopocThio 15°C/Mun 1o 320°C u
BBIIEPKKA IIpY JaHHOU Temnepartype 15 muH. Tem-
nepatypa kBaapynossi 150°C, MIOHHOTO MCTOUHMKA
230°C, unteppeiica 280°C. O6beM BBOAUMOI TPO-
ObI 1 MKJI. Macc-crieKTphl pa3aesieHHBIX BEIIECTB pe-
TUCTPUPOBAIH B peKMMeE JIEKTPOHHOTO yaapa B 1vua-
na3oHe MaccoBbIX uncel 34—900 a.e.M.

BoicokoadekTHBHASL KHAKOCTHAS XPOMATOrpa-
tbua (BOXKX). McciaengoBaHue MpoOBOAUIN Ha KUJI-
KOCTHOM XpOMaTO-Macc-CIIeKTpoMeTpe Moaeaun Ac-
cella/LTQ Velos pupmbl “Thermo Fisher Scientific”
(CIIIA). Xpomartorpacpuyeckass kKoyioHka: Hypersil
Gold C18 50 x 2 MM ¢ pa3MepoM YJacTHIl cOpOeHTa
3 MM ¢upmbel “Thermo Fisher Scientific” (CILIA).
PazneneHue mpoBoauIv B TpaiIMEHTHOM peXUMe MO0-
BBIIIIEHUST KOHIIEHTpAllMU MeTaHoJ1a (C 1obaBieHUEM
0.01% MypaBBMHOM KHCJIOTHI) B BOAHOM pPacTBOpE
Ne 5
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Puc. 2. Macc-CIIeKTphl BELIECTB CO BpeMECHaMHU YACPXUBAHUS (fy,) 15.6 MuH (cooTBeTCTBYET MeTHI0BOMY 3bupy Cyg-[3]-nan-

AepaHoBoOii KUenoTsl [9]) (a) u ¢ fy; = 14.9 MUH (CoOTBETCTBYET
DopmyITbl IIpecTaBIeHBl Ha BPE3Ke K PUCYHKAM.

¢dopmuara ammonus (0.005 M) u MmypaBbMHOM KHC-
notel 0.05% ¢ 40 no 100% 3a 10 MUH M BBIACPKKU
100%-Hoit KOHLIEHTpauuyu MeTaHona a0 20 MUH.
CkopocTtb notoka 0.25 Mji/MuH. UCTOUHUK MOHU3A-
oM — HarpeBaemblil anekTpocnpeit (H-ESI). Pac-
X0 06ayBaroliero raza — 50 yci. ell., BCHOMOTaTeb-
Horo rasa — 5 yci. en. [loteHuan pacnbeiieHus 5 KB.
Temmepatypa xanuiasgpa 275°C, Harpesaresst —

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

MeTiioBomy 3dupy Cyo-[5]-nannepanosoit kucnotsl [9]) (6).

300°C. PexuMm Macc-CeJIEKTMBHOIO IEeTEKTUPOBa-
Hust — “Data Dependent Scan” B quana3oHe Macco-
BbIX gyncen oT 150 mo 1000 a.e.m. Hopmanm3oBaHHast
sHeprus coymapeHnii B pexxume MC/MC (taHmemHast
Macc-CneKTpoMeTpusi) paBHa 35%, OKHO M30JISLIMU
noHOB 2.0 a.e.M., KoaduimeHT aktuBauuu Q = 0.25,
Bpems aktuBauuu 10 mc.

ToMm49 Ne5 2013 4*



484

67

6000 [-

5000 - o

79

N

=l

=3

(=}
T

41

Intensity

W

=l

(=3

(=}
T

119

105

2000 133

55

1000

145

40 60 80 100 120 140

132

8000 - ol

7000 -

6000 -

104

117

Intensity

B W

o (=

(=2 (=3

(=} S
T

3000

35 79

143

2000 41

1000 - 6

40 60 80 100 120 140

160

KO3JIOB u nap.

(a)

161

H;C

~
161

290

175 192

262
201 211 29 282

M 270, .

260 280

236
Boulios

240

bl 1s g

300
m/z

180 200 220

©)

i TTTT]
e A~
o

132

208
163

155 236

227

220

176

185 259 269 278 288

160 180 200 240 260 280

m/z

Puc. 3. Macc-crieKTphl BEIIeCTB € tyn= 14.4 muH, MmetunoBblil adup C,g-[3]-1annepaHoBoit KUCIOTHI, () ¥ C by = 13.68 MuH,
MeTuoBbIi 3pup Cig-[S]-1annepaHoBoit kucaotsl (6). JJaHHbIE CIEKTPHI MOIYYEHBI BIIEPBBIE.

WneHtuduxkainio BeecTB NpoOBOAWIN C UCHOIb-
30BaHMEM Macc-cneKTpaabHbIx 0noanorek NISTOS,
Wiley8n.

PE3VJIBTATBI 1 UX OBCYXIEHHUE

XpoMaTorpaMMa METWJIMPOBAHHOI'O 3KCTPAaKTa,
3arycaHHasl 1o MOJHOMY MOHHOMY TOKY U ITOTOMY

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

oTpaxaroniass COOTHOIICHUE TpaAULIMOHHBIX U1 JIad-
JIepaHOBBIX JUMNAOB, IIpuBeaeHa Ha puc. 1. OcHOB-
Hasl 9aCTh XXUPHOKUCIOTHOIO COCTaBa IIpeICcTaBIeHa
TPaAULMOHHBIMU KUPHbIMU Kuciaotamu C,—Cig
KaK HOpMaJIbHOTO, TaK 1 n3octpoeHus. Ha xpomarto-
rpaMMax TakKe IPUCYTCTBYIOT JKUPHBIE KMCJIOTHI PsI-
noB [3]-nagnepana u [S5]-maggepaHa (CocTaBIISIIOIINE
110 5% OT 00111ero KOJMYECTBA JTUITUIOB), CITIEKTPhI KO-
Ne 5
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Puc. 4. Macc-cnektpsl TMC-NIpor3BOIHOIO BEIIECTB C tyn = 18.15 muH, cootBeTcTBYET 3duUpy ruuepuHa u Cyy-[3]-nange-
panosoro cniupta [9], (a) u TMC-nponssogHoro Cyy-[3]-mannepanoBoit Kuciorsl, (0).

TIpu nccirenoBaHNN CHIMITBHBIX TIPOM3BOTHBIX 00-
HapyXeHbl: 3¢up rmuepuHa u Cyy-[3]-1aanepaHoBo-
ro cnupTa (puc. 4a) u cBoboaHast C,,-[3]-nagnepano-

TOPBIX TIPUBEACHBI Ha pUC. 2 U 3, TIPA 3TOM COolIepKa-
HUe [5]-nagmepaHOBBIX KMCJIOT HIDKe, YeM [3]-manme-
PaHOBBIX KHCJIOT.
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Puc. 5. Macc-cnektp TMC-npoussognoro C,-[3]-nannepanosoro cnupTa [9], (a) u cnektp MC/MC rmuuepodocdoxonu-
HoBoro s¢upa Cy,-[3]-1agaepaHoBoro cnupra M™ m/z=530.3), ().

Bast kucjiota (puc. 40). IlocienHee BElISCTBO TakKKe
COIEPXKUTCSI B OMBUISIEMO (hpaKLIMU JIUTIUIOB.

AHAaJIOTMYHBIM 00pa3oM OBLIA MAEHTU(UILIMPOBA-
Hbl u3oMepbl C,y-[S]-1annepaHoBoil KUCIOTHI C MOJIe-
KyasipHoit Maccoii 374 Jla u XapaKTepUCTUYHBLIMH
voHamu B cniektpe: 132,104, 91 (c 4, = 15.5—15.6 MuH).

[1pu aHanu3e MUIMUAHBIX 3KCTPAKTOB aKTUBHOTO
Wia ¢ UCTOJb30BaHUEM KMIKOCTHON XpomMaTorpa-
¢dbun ObLT IPUMEHEH METOH TaHAEMHOI Macc-CreK-
tpomerpun (MC/MC mmm MC?, MC? u 1.11.), xoraa
HaunboJyiee MHTEHCUBHBIE MOHBI B CIIEKTpe TTOABepra-
I0TCs1 (pparMeHTaluu coyaapeHueM (T.H. collision in-
duced dissociation), TIpu 3TOM ITOJIyIYUBIINECS JOYEP-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

HUE MOHBI TAKXKE MOTYT MOABEPTraThCs AaJIbHEHIIEIA
dparmeHTalu. JJaHHBI MeTOH, TIO3BOJISIET YCTaHAB-
JIMBaTh HAJIMUME TEX WJIM WMHBIX OTHOCHUTEIBLHO TIPO-
CTBIX (PparMeHTOB C U3BECTHOM CTPYKTYPOI B MOJIEKY-
JIax 6oJiee CJIOXKHOM CTPYKTYPHI.

OTUM MeTOA0M ObLIM OOHaApYyXeHbl hochoaumnu-
IIbl HA OCHOBE JaAaepaHOBbIX KUCIOT U C,-[3]-naa-
JepaHoBoro cnupra (puc. 5a). Ha BO2XKX-MC xpo-
MaTorpaMMax OOHapy>KeHbl BEIleCTBa ¢ MOJICKYJISIP-
HeIMU nMoHamMu 382, 488, 519 u 530 a.e.m. Ilpu
aHanuze cnekTpoB MC/MC MoHO3aMellleHHbIX T -
epodocdo-[3]-magaepaHoB caesiaH BEIBOJI, YTO Xa-
Ne 5
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Puc. 6. Cnextper MC/MC ruuepodocdoatanosamuaoBoro acupa Cyy-[3]- naﬂ,z[epaHOBoro criupta (a, [M + H]" m/z =
= 488.3), nmmuepodochormuueprHoBoro adupa Cyy-[3]-n1agaepanosoro crupra (6, [M + H]" m/z =519, xapaKTeprm oT-
phiB rnepodocdara: 519—172 = 347), muuepunosoro s¢upa Cy-[3]-nagnepanosoro cnupra (B, [M + NH4] m/z = 382).
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Puc. 7. CrpykrypHbie GOpMyITBI TaIiepaHOBBIX TUTTUAOB (pochaTtumHoro psaa (cMm. Tadbmuiry) [12, 13].

PaKTepUCTUIHBIMU MOHAMM TSI HUX SIBJISTFOTCS MO-
HbI ¢ m/z 273, 329 u 347 (puc. 50).

CoracHo auTepaTypHbIM JaHHbIM [10, 11], uH-
TeHCUBHBIN MOH m/z 184 ns BellecTBa, CIEKTP KO-
TOpPOTO mpeacTaBiaeH Ha puc. 50, u MC/MC — pac-
LIEeTJICHWE ATOTr0 MOHA YKa3bIBaeT HA MPUCYTCTBUE B
cocTaBe MOJICKYJBI ocTaTtka pocdoxonmua. [Toreps
HeWTpaibHOI yacTuibl ¢ Maccoit 141 (488 — 347) xa-
pakTepHa I ocTaTka ¢ocdosaTaHomamMuHa. Takum
00pa3oM ObUIM UAEHTU(ULIMPOBAHBI BELLECTBA C [y, =
= 14.73 muH (ruuepodocdoxonrmHoBbii apup C,y-
[3]-mannepaHoBoro crivpra — puc. 56) u ¢ £, = 14.15 MuH
(rmuuepo-docdostaHosamuHoBbId 3bup Cyy-[3]-
JlammepaHOBOTO crupra — puc. 6a). INpwm 3anucu
BB2KX-MC-xpomMarorpaMMbl o MOHaM ¢ m/z 519.3
u 382.3 ugeHTnUIUPOBaHHI riaulepodocdoriniie-
puHoBbli 3bup C,y-[3]-nangaepaHoBOro crnupra
(puc. 66) 1 mmtepuHoBHI 3dup C,)-|3]-mamaepa-
HOBOTO crupTa (puc. 6B).

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

B nurepatype onuvcaHbl JiaaaepaHOBbIE JUMWbI
(ocharuaHoro psaga [12, 13], koTopbie ObLIM OOHA-
pyxeHbl MeTogoM BO2XKX-MC (puc. 7) BaHaAMMOKC-
OakTepusiX pa3JIMuHbIX BUIOB.

Hamu Obuty mpearpuHSITH MONBITKY MTOMCKa Ta-
KUX COEOUHEHUN C UCIIONb30BaHUEM MeToma BOKX-
MC/MC. Mbl TakXke YYUTBHIBAJIM BO3MOXKHOCTH
MPUCYTCTBUSI B 3KCTpaKTax AUMIULECPUIOB, HE CO-
Jepxaiux ochaTHYIO TPYMITY, T.€. TPOCTHIX WU
cJIoxXHBIX 3¢pupoB. Ha ocHoBe gaHHbIX [12, 13] ObI-
JIV OIIpeieIeHBI 1IeJIEBbIe MOHBI C OTHOIIIEHUEM #1/Z,
XapakTepHbie I (HOCHOIUITUIHBIX ITPOU3BOIHBIX
JagaepaHoB. B Tabimiie mpeacTaBieHbl pe3yJIbTaThbl
MouCKa JaaaepaHOBbIX JUIIUIOB B 3KCTPaKTaX aKTUB-
HOro wia ouopeakTopa aHaMMOKC. XpoMaTorpaMmma 1
criektp MC/MC Hekotopbix (ochaTUIHBIX TTPOU3-
BOIHBIX (IPEANONOXKUTENbHO, (hochaTUIVIIXOIMH-
Cy-[3]-nannepana — Ila u pocharuaunxonun-C, -
[5]-mapnepana — IIb) mpuBeaeHbI Ha puc. 8.

Takum obpa3oM, B buoMacce aKTUBHOTO WJia MU-
JIOTHOM YCTAaHOBKM aHa3POOHOTO OKMCJICHUS aMMO-
Ne 5
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Puc. 8. XpomarorpamMmsl, 3ariMcaHHbIe 110 XapaKTepHbIM noHaMm m/z 816 u 814 (a), u cnektpet MC/MC BelecTB ¢ MOJIEKY-
JISIpHBbIMU MoHamu m/z 816 (6) (cootBeTcTBYeT BelecTBy Ila) u 814 (B) (cooTBeTcTBYET BeliecTBy 11b).

HUSI OOHApyXeHBl JIMOUIbLI JagdcpaHOBOrO psia,
COCTaBIIIONINE MO Macce 1o 5% Beex mumuaoB. O0-
HapyXeHHe JIaaaepaHObIX JIMIIUIOB COTJIACyeTCs C
HaJIM4MeM 3HAYUTEJILHOTO KOJIMYECTBa OMOMAaCChI
aHaMMOKc-0akTepuii. B paboTre BriepBbIe ITpUBEIC-
HBI MacC-CIIEKTPHI 3JIEKTPOHHOTO ylapa W TaHIeM-
HOW MacC-CIEKTPOMETPUM psAa JIAAAePAHOBBIX JIM-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

IIMO0B, UX MCTUJIbHBIX U TPUMCTUJIICUJINJIIbHBIX ITPO-
MN3BOJHDbIX.

HecMoTpst Ha To YTO coAepKaHUe JaaaepaHOBBIX
JIMIIUAOB OBLIIO HEBEJIMKO, He Oosiee 5% OT 0OIIero
colepxXKaHUsl JUIMUIOB, C Y4EeTOM TOTro pakTa, 4To
OHU BXOIAT B COCTaB aKTMBHOI'O WHJia, KOTOprﬁ Ha
Ne 5
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Xumnueckue (Gopmysbl 1 MOJIEKYJISIPHbIE MacChl pa3iny-
HBIX JIAJIICPAHOBBIX MPOU3BOIHBIX (hochaTUIHON KUCIOThI

KO3JIOB u nap.

. ..| BpyrTo-dop- Bemectso
WITT JINITAIA Monekynsip- | oOHapykeHO
(1o puc. 7) Myna Hasl Macca, [a| win He oOHa-
panukana R, DYKEHO™*

DX (Ia) CyoHss 802 +

DX (1I6) CyoHj5, 800 +

DX (I1a) C,oH3,0 816 +

dX (I1o) C,H»0 814 +

D5 (I11B) CyoHzs 759 -

D5 (I1Ir) CyHjsy 757 -

DI (1VB) C,0H3,0 773 +

DI (IVr) Cy0H,yO 771 +

DI (VB) CyoHss 790 +

DI (Vr) CyoHj5; 788 —

dr (VIB) C,H3,0 804 —

dr (VIr) CyH,90 802 —

AT (B) CyoHss 636 +

AT (1) CyoHj5, 634 +

AT (B) C,oH3,0 650 -

AT (1) CyyH,0O 648 -

* PX — pochoxonnH, DD — dpochosranonamun, ®I' — poc-

dormuepuH, A" — nurmunepu.

#¥ “4” _ BellleCTBO OOHAPYXKEHO,

3KEHO B HACTOSIIIIE paboTe.

OYMCTHBIX COOPYKEHUSX 00pa3yeTcsl B GOIBIITNX KO-
JIMIECTBAX M SIBJISICTCA OTXOAOM, MOXHO TTPOTHO3U-
poBaTh BO3MOXKHOCTD TTOJTyYeHUs TaKWUX JIMITUIOB B
3HAYMMBIX KOJTMYECTBaX Kak JUIS 1IeJIeil X MCCIIemno-
BaHMSI, TaK U TTpaKTUYeCcKoro npuMeHeHus. [IporHo-
3UPYeTCs BO3SMOKHOCTh MPUMEHEHUSI JIaIIepaHOBBIX

[T3R)

JIMIIUAOB B OIITORJIEKTpOHUKE [14].

—” — BEIIeCTBO He OOHapy-

N
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Lipid Composition of Activated Sludge in a Pilot Plant

for Anaerobic Ammonium Oxidation
M. N. Kozlov, M. V. Kevbrina, A. G. Dorofeev, E. A. Kazakova, V. A. Grachey,

D. Yu. Polyakov, V. G. Aseeva, and Yu. A. Nikolaev

0OAO Mosvodokanal, Moscow, Russia
Received February 12, 2013

Abstract—The lipid composition of the microbial community inhabiting activated sludge in a pilot reactor for the
anaerobic oxidation of ammonium (anammox) at the Kur’yanovo Treatment Plant (Moscow) has been studied.
The fatty acid composition is mostly based on common fatty acids C,—C5 (95%) with both normal and isomeric
structures. The biomass of activated sludge was found to contain lipids with the so-called ladderane substances
(ladder alcohols and fatty acids) that are common for anammox bacteria: C,(-[3]-ladderane and C,,-[5]-ladder-
ane alcohols and C,g- and C,(-[3]-ladderane and C,g- and C,(-[5]—ladderane acids. In addition, the native extract
contained both simple and compound ethers of the above-mentioned substances with residues of phosphocholine,
phosphoethanolamine, and phosphoglycerine. The spectra of the electron impact and tandem mass spectrometry
of certain substances have been obtained and published for the first time.
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CEJIEKIINA COOBIIECTBA ALTMTOXEMOJJIMTOTPO®HbBIX

MUKPOOPTAHM3MOB C BEICOKOI CKOPOCTBIO BMOOKUCJIEHUA

®JIOTOKOHIIEHTPATA IIMPPOTUHCOIEPXKAIIIEN
CYJIb®UTHOMN PYIBI

© 2013r. T. ®. Konmparbena*, T. A. IlusoapoBa*, A. I'. Bynaes*, I1. B. MomaHenkmii*,
N. A. Hanauna*, H. B. IpuropseBa*, A. E. XKypasaésa*, B. C. Meanamyn*, A. B. beapbnia**
* Unemumym mukpoouonoeuu um. C. H. Bunoepadckoeo PAH, Mockea, 117312
**3A40 “Iloatoc”, Kpacrospckuil kpaii, 663280
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[Moctynuna B pegakuuio 12.02.2013 .

CeleKIIMOHUPOBAHO COODIIECTBO MUKPOOPTAHU3MOB C BBICOKOI CKOPOCTBIO OKHMCIICHUS (hJIOTOKOHIIEH-
TpaTta MUPPOTUHCOAEPKAIel CyTbOUIHON PYIAbl, B COCTaBe KOTOPOTO B KAUE€CTBE JOMUHUPYIOIINUX KYJIb-
Typ OblTM MaeHTUGUIIMPOBaHbl Acidithiobacillus caldus OI1-1 w Ferroplasma acidiphilum OT1-2. OTMeueHO
TakxXXe TIpUCYTCTBUE KYAbTYp Acidithiobacillus ferrooxidans OI1-3, Leptospirillum ferriphilum OI1-4 u Sulfo-
bacillus thermosulfidooxidans OT1-5. Pe3ynbratsl aHaiM3a TBEPAbIX OCTATKOB Mpoliecca noka3aan 0OJIbIIyI0
CTeNeHb OKMCIIEHUS 2JIEMEHTHOM cepbl M u3BJiedeHus 3o10Ta (90.5%) npu mompaepkaHUU UCXOAHOTO 3Ha-

yeHust pH B peakrope I Ha ypoBHe 1.8—2.0, yeM Ha ypoBHe 1.6—1.8 (86.3%).

DOI: 10.7868/S055510991305005X

buookucieHue @I0TOKOHLIEHTPATOB 30JIOTOMBI-
LIBAKOBBIX CYJBbMUIHBIX PYA COOOLIECTBAMMU aLUIO-
(WIBHBIX XEMOJIUTOTPOMDHBIX MUKPOOPIraHU3MOB SIB-
JISIeTCSl BaXKHEWINEH cTanyeil B OMOruapoMeTauTypru-
YyeCcKMX TEXHOJIOTUSIX U3BJIeyeHus 3o0J10Ta. [ToHnuMaHue
3aKOHOMEPHOCTell X (hOpMUPOBAHUS, 3HAHNE ONTH-
MAaJIbHBIX YCJIOBUI 151 pOCTa Y SHEPreTUYECKOTro MeTa-
0oJIM3Ma BaXKHO HE TOJIBKO JJIsl MTOMOJIHEHUST 3HAHUWMA
00 3TOM YHUKAJIBHOI (PM3MOJIOTMYECKOM IPYIIIe MUK-
pOOPraHM3MOB, HO U JIJIST MTHTEHCU(UKAILIMUA 1 TTOBBI-
meHusT 3(EEKTUBHOCTU OaKTEPpUATBbHO-XUMUNYECKUX
MPOLIECCOB.

I[;1aBHBIM HEAOCTATKOM COBPEMEHHbBIX OMOTUIPO-
METAJUIyPTUYEeCKIX TEXHOJIOTMI M3BJICYCHUS 30JI10Ta
13 (PJIOTOKOHIIEHTPATOB 30JI0TOMBIIIBSIKOBBIX DY/ SIB-
JISIETCSI HEOOOKUCJICHUE CYIb(PUIHBIX MUHEPAJIOB U
3JIEMEHTHOM CEpHhI, YTO IIPUBOIUT K IIOTEPSIM 30JI0TA U
BBICOKMM pacxoaaM [aHWaa HaTPUsI IIPU U3BJICYCHUN
Au. HakoruieHue B TBepaoil ¢a3e B mpoliecce Ouo-
OKHUCJIEHUS 60JIBLIOro KonnyecTBa S° CBA3aHO ¢ BBICO-
KM coaecpXXaHMEeM MNUPUTa WIA IMPPOTHHA B psiAc
(bJTOTOKOHIIEHTPATOB YIIOPHBIX 30JI0TOMBIIIBSIKOBBIX
cynb®UIHBIX pyd. Ob0a MUHEpasia OKUCISIOTCS TpexBa-
JIEHTHBIM XeJIE30M — ITPOIYKTOM OMOOKMCICHUST MUK~
poopraHM3MaMM IBYXBaJEHTHOTO Xeje3a — C 00pa3o-
BaHMEM 2JIEMEHTHOM CEpPBbI:

FeS, + 3.50, + H,0 — FeSO, + H,SO,;
2FeSO, + 0.50, + H,S0, — Fe,(SO,); + H,0:
FeS, + Fe,(SO,); — 3FeSO, + 25

491

FeS + Fe,(SO,); — 3FeSO, + S°.

KucnoropactBopuMebie Cynb(@UIHBEIC MUHEPATHI,
TaKHe, KaK IMMPPOTHUH, OKMCIISIIOTCS 110 IOJIMCY/Ib-
dugHOMY MEeXaHM3MY, KMCJIOTOHEPACTBOPUMBIIA ITH-
PUT OKHUCIISIETCS IO THoCyabdaTHOMY ITyTH [1, 2].

CpaBHUTEBHBIN aHAIN3 BUAOBOTO U IITAMMOBO-
ro pa3HooOpas3usi CoO0IIEeCTB auuA0PUIBHBIX XeMO-
JIMTOTPO(MPHBIX MUKPOOPTraHMU3MOB, BBIIEIECHHBIX U3
OPUPOIHBIX 9KOCUCTEM, U UX MOHUTOPUHT B peaKTO-
pax OMOTrMAPOMETAJTYPIMYECKUX TEXHOJIOTHI MO03-
BOJISIET BBISIBUTH OCHOBHBIE (DAKTOPHI CPEIbI, BIIMSIO-
II1Me Ha 3BOJIOLUOHHBIE MPOLECCHl B T€HETUYECKU
reTepOreHHbBIX MIPUPOIHBIX IMOMYJISILIASIX MUKPOOPTa-
HHU3MOB U (hOpMUPYIONINUE pa3Hbie MUKPOOHBIC CO-
o0IIecTBa. DTO MUHEPAJIOTUUECKUI U 3JIEMESHTHBIN
cocTaB cyOcTpaTa OKUCJIEHUS, TeMIlepaTypa, 3Haue-
Hue pH, HauuMe opraHMYeCKMX BellecTs [3].

Panee 13 npoObI (hJIOTOKOHIIEHTpaTa YIOPHOI 30-
JIOTOMBIIITBSIKOBOM CYTL(MUIHON PYIbl ¢ BBICOKIM CO-
JepxKaHreM MAPPOTHHA OBIIO BhIZIEJICHO aDOPUTEHHOE
COOOIIECTBO alIMAOMDUITBHBIX XeMOJIATOTPOMDHBIX MUK~
POOPraHMU3MOB M CO3IaHO IKCIIEPUMEHTAILHOE CO00-
MISCTBO MUKPOOPraHn3MoB [4]. B ero cocras Hapsiny ¢
MUKpPOOpraHM3MaMu abOPUTEHHOTO COO0IIIeCTBa ObLITN
BKJIIOUEHBI 1ITAMMbl MUKPOOPraHU3MOB: Sulfobacillus
olympiadicus OL-6; S. thermosulfidooxidans HT-3,
OL-7, Ser, P, M; Leptospirillum ferriphilum, Bbine-
JICHHBIC U3 30JI0TOMBIIIBSIKOBBIX pya [TormyTHUHCKOTO
n OJIMMIIMAagUHCKOTO MeCTopoxXneHwmii; Ferroplasma
acidiphilum Kuch, BblIeIeHHBIN U3 KOHLICHTPATA PYy-
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el Kiouycckoro wmecropoxneHust; Acidithiobacillus
thiooxidans N (Apmenust); A. caldus, BbiIeIeHHBIN U3
HaKOIUTEIbHOU KyJIbTYphl Tpu 35°C U3 mpoObl TH-
PUTHO-apCEHOIMMPUTHOTO 30JI0TOMBIIIIBIKOBOTO KOH-
LIEHTpAaTa, a TaKXKe COO0IIEeCTBO MUKPOOPTaHU3MOB,
BblAeJeHHOE U3 pylabl [TOMyTHUHCKOTO MECTOPOXK-
JIEHUS.

bbina n3yyeHa CKOpOCTb OKMCJIEHUST JBYMSI COO0-
1IeCTBaMU MUKPOOPTraHU3MOB pa3HbiX (HOPM Cepbl
(a71eMeHTHO cepbl, THOCYJIb(daTra U TeTpaThOHaTa) B
Ka4yecTBe €IMHCTBEHHBIX MUICTOUHMKOB 3HEPIUM, odpa-
3YIOIIMXCS B MPOLIECCE OKUCIEHUS TUPUTA U TTUPPOTU-
Ha [4]. HecMoTpst Ha GoJiee BBICOKYIO CKOPOCTh OKHC-
JieHusi (DOpM cepbl B Ka4eCTBEe €IMHCTBEHHBIX MCTOU-
HUKOB 3HEPIMU 3IKCIIEPMMEHTAIbHBIM COOOIIECTBOM
MUKPOOPTaHNU3MOB, a0OPUTEHHOE COOOIIIECTBO C OO0JIh-
el CKOPOCTHIO OKUCITSIO (DOPMBI CEPBI B (hJIOTOKOH-
LIEeHTpaTe MNUPPOTUHCOAEpXKalllel MUPUTHO-APCEHO-
MUPUTHOU 30JI0TOMBIIIBSIKOBOU CYTb(MUIHON PYIHI.

B pexxurMe neprnoandecKoro KyJIsTUBUPOBAHUS ObI-
JIa TpoBeieHa paboTa ITo ONTUMU3ALIMU YCJIOBUI pocTa
U OMOOKUCTIEHUST (DIIOTOKOHIIEHTpaTa 30JJ0TOMBIIIbSI-
KOBOW CyJIbGUIHON pyabl ¢ BHICOKUM COAEPKaAHUEM
MUPPOTUHA COODIIIECTBOM MUKPOOPTaHU3MOB, BKJIIO-
YyaIMM KaK MpeacTaBuTeiecii abopureHHO MUKPO-
G0pbI, TaK 1 3KCIIEPUMEHTAIBHO CO3MaHHOTO CO00-
mectBa [5]. bputo TOKazaHO, YTO ONTHUMAJIBHBIMH
YCJIOBUSIMU SIBJISIFOTCSI: BEeeHME Ipoliecca Mpyu MoJI-
nepxxanuu pH Ha ypoBne 1.6—1.7 ipu 34—35°C B npu-
cyrctBunm B cpere 0.02% nposkokeBOro 3KCTpaKTa.

AKTyaJlbHOII MpoOJIeMOIl COBepIIEHCTBOBAHUS
OUOTrMIPOMETAILTYPTUYSCKOM TEXHOJIOT MU U3BJICUYe-
HUSI 30710Ta U3 (PIOTOKOHIIEHTPATOB YITOPHBIX CYJb-
GUAHBIX Py SIBIISIETCS MOBBIIIEHNE CKOPOCTH OKUC-
JIEHUSI DJIEMEHTHOM CEpPHI.

Lenp paboThl — celeKius COOOIIECTBa alla0Xe-
MOJUTOTPOMHBIX MUKPOOPIraHM3MOB C BBICOKOM CKO-
POCTBIO OKUCJIECHUS CYIbGUIHBIX MUHEPAJIOB U 3JIe-
MEHTHOM cephl, 00pa3ylolleiicss B Ipoliecce OKUCIE-
HUSI MUPPOTUHCOAEPKALIEro (GJIOTOKOHILIEHTpaTa B
peXXyMe MOJYHEIPEPLIBHOIO KYJIETUBUPOBAHMS B J1a-
GOpaTOPHBIX PeakTOpax B pa3HbIX Auana3oHax pH.

METOAUKA

O0bekThl HccaenoBanusa. OObEKTaMU UCCIICIOBA-
HUSI CITYXWUJIU: (PIIOTOKOHLIEHTpAT YIOPHOI 30JI0TO-
MBIIIBSIKOBOI CYJIb(GHUIHON PyObl C BBICOKMM COIEP-
xanneM twmppotuHa (30—35%), B cocraB KOTOPOTO
Bxomu10 (%): Feqsy — 25.4, Fe yg, — 20.37, Asysy —
8.45, As;ypp — 6.69, Sy — 18.33, Sy — 17.84, SO —
0.8, 1 coob1ecTBO aLAODUIBHBIX XEMOJIUTOTPOD-
HBIX MHKPOOPTAaHU3MOB, CEJIEKIIMOHMPOBAaHHOE B
Ipollecce ONTUMU3AINN YCIOBUU pOCTa U OKHUCTIE-
HUs GPJIOTOKOHILIEHTpaTa B ITIEPUOANYECKOM PEeXUME
KyJbTUBUpPOBaHUS [5]. B cocTaBe coolliecTBa Impu-
CYTCTBOBAJIM KYJIBTYPBI, BBbIASJI€HHBICE M3 IIPOOBI
GJIOTOKOHILIEHTpAaTa, M INTAMMBI KYJIBTYp alUao-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

KOHJIPATBEBA u 1p.

(GUIILHBIX XEMOJIMTOTPOMPHBIX MUKPOOPTAaHU3MOB M3
My3es 1a00opaTOPUU XeMOJUTOTPOPHBIX MUKpPOOpTa-
nuzmoB MHMMH PAH.

Yca0BusA SKCIEPUMEHTOB B JIADOPATOPHBIX PEAKTO-
pax. [Ipoiiecc nmoayHenpepbIBHOTO KYJIBTUBUPOBAHUS
Co00IIIeCTBA MUKPOOPTAHU3MOB IIPOBOIIN B IMHUU
U3 Tpex JadopaTOPHBIX PEaKTOpPOB OOBEMOM 2.5 J1 C
600 M1 TTYJTBITEI ¢ 16.6%-HOM TNIOTHOCTHIO (DITOTOKOH-
neHTpaTta npu 34°C 1 CKOpOCTH BpallleHHs Basia Typ-
ounHoM Mmemranku 500 00./MuH. B KayecTBe XXuakoi
(pasznl OBUT MCIIOJIL30BaH COJIeBOIT cocTas cpeanl 9K [6]
0e3 BHECEHUSI COIU XeJse3a. TepMocTaTUpOBaHUE OCY-
HIeCTBIISIIN TIpH TToMo1n U-00pa3HOTo TeIT000MEH -
HMKa, coeluHeHHoro ¢ TepmocTtatroM Elmi TW2.02
(JIatBust). MHTEeHCMBHOCTD ITOJA4YM BO3IyXa COCTaB-
Jnsna 5 :106./06. cpenbl B 1 MuH. JIBaXkabl B CYT TIPO-
BOJIMJIM MaccooOMeH 1o 75 u 125 mu1 mynbiiel. Bech
00bEeM MyJbIbl 3aMelajcs 3a 9 CyT MpU CKOPOCTHU
ripotoka 0.0046 4!,

Anammrnyeckue meroapl. Beanuunel pH u Eh us-
MepsuIM ¢ TioMmollblo pH-MeTpa-MWUIMBOJIBTMETPA
pH-150MA (benapycs); 3HadueHnust Eh Beipaxkanu ot-
HOCUTEJIbHO HOPMAJIbHOTO BOAOPOAHOIO 2JEKTPOJA.
KonueHTtpauuio nonos Fe3* u Fe?* B xunkoii dase
TTYJIBITBI OTIPEACIISIA METOA0M KOMILIEKCOHOMETPU -
4ecKOTro TUTpoBaHUS [7], CyMMapHYy1O KOHIIEHTpa-
LMo MOHOB As** 1 As’™ — meTomoM HomoMeTpuue-
cKoro TuTpoBaHU:I [8]. YMCI€HHOCTD KJIETOK MUKPO-
OpPraHM3MOB OMNpEAEsIM NPSIMbIM TMOACYETOM B
mukpockone CX-41 (“Olympus”, AnoHust) ¢ ¢dazo-
BbIM KOoHTpacToM. CojiepxkaHue CyJIb(OUIHBIX 3JIEMEH-
TOB B MPOAYKTaxX IMepepadOTKU 30JI0TOCOAEPKAIINX
KOHLICHTPATOB (TBEP/AbIe OCTATKU) OMPEAC/ISIIN TTOCTIe
OTMBIBKM TBepmoit ¢asel 5%-HeM pactBopom HCI B
teueHne 24 9 npu 30°C ¢iryopecieHTHBIM PeHTIEHO-
panuomMeTpudeckum MetonoMm [9]. ComepzkaHue 30J10-
Ta B TBEPAbIX OCTATKaX ONpeessii MPOOUPHbIM aHa-
Jm3oM. CTeneHb U3BJIeYEHUSI 30J10Ta — COPOLIMOHHBIM
LIMaHUPOBaHUEM OcankoB. LluaHupoBaHue MPOBOIY-
JIU B CJACAYIOLIMX YCJIOBUSIX: IJIOTHOCTb ITYJIBIIBI —
30%, pH 10.2—10.5, 1.0 v/n mmanuna Hatpusa (70%
BpEeMEHM ), TIpoAyBaH1e BO3ayXxoM 25 11/4, 8% copbeHTa
(carbon Norit 3515), 20°C B TeueHue 48 4. YpoBeHb ai-
copb1mu 3010Ta Ha copoeHTe 99—100%.

MeTonapl U3y4eHHs BUIOBOTO COCTaBA COOOIIECTBA
MukpoopranusmMoB. Brinenenue JJHK u3 6romaccel
OaxkTepUii MpOBOAMIIM corjlacHO MeTony [10].

KonnenTtpanums noimydenHoro mperapata JJHK co-
crabjisiia 30—50 mxr/miu. PHK B mosyyeHHOM Tipemna-
pate IpUCyTCTBOBAJIA B CJIEIOBBIX KOJIMUECTBaxX (MeHee
1%, coriacHO JaHHBIM JIEKTPO(POPETUIECKOTO aHa-
au3a) [10].

s ipoBeeHMs MOJMMEpPa3HOl 1IeNHONU peak-
unu, KioHuposanusi ITLIP-¢parmeHToB reHa 16S
pPHK w manpHeliero ceKBEeHUPOBAHUS KJIOHATb-
HbIX BCTaBOK 0aKTepUaIbHOTO MPOMCXOXAEHUS Obl-
JIM ICTIOJIb30BaHbl YHUBEpCabHbIE TIpaliMepsl [11].
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TaﬁJmua 1. Oxucnenue (I)J'[OTOKOHL[CHTpaTa OTCCJIICKIMOHUPOBaAHHBIM COOOIIECTBOM MUKPOOPraHMU3MOB IIpU UCXOI-

HoM pH 1.6—1.8

Cytku (Bpemsi) | PeakTtop pH Eh, MB Fe3*/Fe?*, r/n | O6mmii As, t/a | Yucno ki1./mn x 10°
1 (8.00) | 1.60 622 6.72/13.13 2.24 1.68
II 1.55 642 14.98/10.9 6.36 1.90
111 1.48 660 17.75/9.8 9.80 1.60
1 (17.00) | 1.64 620 5.18/14.56 2.90 1.37
IT 1.49 647 14.0/8.9 6.0 1.80
111 1.40 662 18.06/9.8 7.70 1.77
2 (8.00) | 1.64 612 4.6/11.55. 2.24 1.56
11 1.54 649 17.36/12.8 6.96 1.60
I11 1.46 661 17.9/10.64 9.26 1.20
2 (17.00) | 1.77 606 3.36/13.02 2.30 1.52
11 1.46 650 16.24/13.1 5.61 2.18
I11 1.35 663 18.26/12.3 7.48 1.20
3 (8.00) | 1.80 605 4.06/9.1 3.46 1.90
11 1.41 639 8.0/8.7 5.61 2.0
I11 1.21 667 16.1/10.0 8.41 1.30

Jlng mpoBeneHNs TMOJMMEpPa3sHOM IIEITHOM peak-
UMW U JAJbHEUWIIEro CEKBEHUPOBAHUSI apXeWHOro
KOMITOHEHTA HMCIOJb30BAJIM OPUTMHAIBHYIO Ipan-
MepHYIO cucTtemy [12].

O0beM aMIUIM(PUKALIMOHHOM CMeCH B 000MX CITy-
yasgx cocTaBJis1 50 MKJI 1 UMeJT CJIEOYIOIINI COCTaB:
1 x oybep AHK mnonumepasslt BioTaq (17 MM
(NH,),S0O,, 67 MM tpuc-HCI, pH 8.8, 2 MM MgCl,);
no 12.5 amonb kaxmoro n3 dANTP, 50 ur JIHK-maTpu-
LIbI; IO 5 MTMOJIb COOTBETCTBYIOIIUX MpaitMepoB U 3 efl.
JHK nommmepassr BioTaq (“duamar JITA”, Poccus).

TemnepartypHo-BpemeHHoit npodwis TP mpu
nposencHnn [T P na JHK-ammmdpukarope Gradi-
ent MasterCycker (“Eppendorf”, Iepmanust) ObL1
clIenyolImnM: IIepBoiid nukia — 94°C, 9 muH; 55°C,
1 MuH; 72°C, 2 MuH; nociaenywoouye 30 LIMKIOB:
94°C, 1 muH; 55°C, 1 muH; 72°C, 2 MUH; 3aBeplla0-
i K. — 72°C, 7 MuH.

Ananus npoaykrtos I11IP nmpoBoauaun mpu momo-
M 251eKTpodopesa B 2%-HOM TeJie arapo3bl Ipy Ha-
MPSKEHHOCTH BJIEKTpUdYecKoro mosst 6 B/cm. Boine-
nenue niponykToB TP 13 nerkommaBkoit arapo3sl U
WX OYMCTKY MPOBOJUIN C MPUMEHEHUEM Habopa pe-
aktuBoB Wizard PCR Preps (“Promega”, CIIIA) co-
IJIaCHO PEKOMEHIAIUSIM Mpou3BoauTesi. [IpoayKThl
aMIUIMGpUKALIMU KJIOHUPOBAJIU C HCIOJb30BaHUEM
Habopa peakTuBoB pGEM-T System (“Promega”,
CIIIA) cornacHo peKOMeHAalUsIM MPOU3BOIUTES.

CekBeHUpPOBaHUE MPOBOAWIU 1O MeToay CaHrepa
¢ coaBt. [13] ¢ moMorIsio Habopa peakTuBoB Big Dye
Terminatorv.3.1 (“Applied Biosystems, Inc.”, CIIIA) Ha

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

aBroMatndeckoM cekBeHaTtope ABI PRIZM 3730
(“Applied Biosystems, Inc.”) corjiacHO MHCTPYKLIMSIM
npousBoauTest. [1pyu a3ToM 111 ceKBEeHUPOBaHUSI UC-
MOJIB30BAJIM KaK BHEIIHWE, TaK M BHYTPEHHUE Tpaii-
MepbI, U YTEHNE IIPOBOIMIIMA B IBYX HAIIPABJICHUSIX.

INepBUYHEBINM aHAJIN3 CXOICTBA MOJIyYEHHBIX HYK-
JIEOTUIHBIX nocjeaoBaTebHocTeil reHoB 16S pPHK
npoBoauau ¢ nomoiipio cepsepa BLASTa (http://
www.ncbi.nlm.nih.gov/blast). IlociiemoBaTeaIbHOCTU
BBIDABHUBAIM C COOTBETCTBYIOIIMMM MOCJIEAOBA-
TEJBHOCTSIMU OJVKANUIIIMX BUIOB OaKTEepUil C TOMO-
mipto nporpammbl CLUSTALW [14]. Penaktupona-
HHUE TTOCJIeIOBAaTEIbHOCTEN MPOBOAUIN C TIOMOIIBIO
penakTopa BioEdit (http://jiwbrown.mbio.ncsu.edu/

BioEdit/bioedit.html).

PE3VIJIBTATHI 1 UX OBCYXIEHUWE

Du3nKo-XxuMHYeCcKre NapaMeTpbl KUAKOil (a3bl
MYJIbIIBI B MIpoLiecce OMO0OKHUCIeHNs hI0TOKOHIIEHTPATA
C000IIEeCTBOM MMKPOOPraHM3MOB IPH MCXOIHOM 3HA-
yennn pH 1.6—1.8. OnbIThl MPOBOAWIN MPU UCXO-
HoM 3HauyeHuu pH 1.6—1.8. B TaGa. 1 BKIIOYEHBI
JaHHBIC 3a 3 CYT IOCJIe MOJIHOTIO 3aMelIeHNsI o0beMa
MyJbIbl, B TEYEHUE KOTOPBIX OTOMpayu MpoObl Ha
raHupoBaHue. B TabGaviie MpuBOASTCS JAHHBIE, CO-
OTBETCTBYIOIINE (PU3NKO-XUMUYESCKUM ITapaMeTpaM
3a 9 1 15 4 okucIeHus, T.€. 10 BBEJACHMSI HOBOM MOp-
LU TYJIBITHI.

Kak BumHO n3 maHHBIX TaOJ. 1, Ipy MCCIEMyeMBbIX
YCJIOBUSIX TIpoliecca YCTAaHOBUJIUCH CTAOMIIbHBIC (DU3H-
Ne 5

ToM 49 2013



494

KOHJIPATBEBA u 1p.

TaﬁJmua 2. OxucieHue (I)J'[OTOKOHL[CHTpaTa OTCCJIICKIMOHUPOBaAHHBIM COOOIIECTBOM MUKPOOPraHMU3MOB IIpU UCXOI-

HoM pH 1.8-2.0

CyTku (Bpemsi) | PeakTop pH Eh, MB Fe3*/Fe?*, r/n | O6uwmii As, r/n | Uncno ki./mn x 107
1 (8.00) | 1.85 605 4.06/11.72 2.89 1.40
I1 1.55 642 11.2/10.92 6.10 1.80
111 1.48 660 17.75/9.80 8.10 1.0
1 (17.00) | 1.94 595 3.18/11.56 2.99 1.44
IT 1.49 647 11.34/8.90 5.98 1.80
111 1.40 662 18.06/9.80 7.10 1.0
2 (8.00) | 1.99 609 3.36/11.76 2.99 1.44
11 1.54 649 17.36/12.8 5.96 1.80
I11 1.46 661 17.9/10.64 8.97 1.0
2 (17.00) | 1.91 599 3.66/10.23 2.05 1.52
11 1.68 631 13.3/11.48 5.61 2.18
I11 1.35 663 20.49/9.94 5.60 1.20
3(8.00) I 1.92 615 3.92/11.48 3.90 1.60
11 1.41 639 11.64/9.52 5.99 2.10
I11 1.21 667 16.1/10.0 7.80 1.30

KO-XMMHWYECKMe Tapamerpbl. 3HadueHmst pH cHioka-
ek ot peakTopa I kK peakTopy 111 01 0.12 10 0.24 en. Ha
1 cyt akcniepumenTa, oT 0.18 10 0.42 en. — Ha 2 CyT 1 Ha
0.59 en. — Ha 3 cyt. CaMoe BBICOKOE TTOIKUCICHHE Cpe-
b1 0610 oTMeueHo Ha 3 cyT. 3HayeHue Eh 3a Bpemst Ha-
OMoIeHMIA TTOBBIIIATIOCH OT peakTopa I k peakTopy 11
Ha 38,42, 49, 57 n 62 MB, omHaKO 6bLJIO OTHOCUTEITLHO
HU3KWAM JUISI aKTUBHOTO TIpoliecca OKMCIICHUS CyJlb-
duaHBIX MIHepasioB: B peaktope 111 — 660—667 MB.
BOTO OOBSICHSIOCh MPUCYTCTBMEM B XUIKON ase
ITyJIBITBl ABYXBAJIEHTHOTO 3KeJie3a, BBHIIEIOYCHHOTO
U3 cyabhUIHBIX MUHepaioB. Jlo KoHIa Mpolecca
MBYXBAJICHTHOE KeJIe30 B MaHHBIX YCIOBUSAX BKCIIE-
pUMeHTa OKMCJICHO He ObIJI0. MaKcuMaJIbHOE COep-
J)KaHWe OOIIero xeje3a B KUAKOW asze MyJbIIbl
(30.56 t/n1) otmMeueHo Ha 2 cyT HabmoaeHuii. Ha 3 cyt
BO BCEX pEaKTOPax MOKa3aHO CHIDKEHUE COMEeP>KaHUS
00l1IeTo 3KeJie3a 3a CUeT OCaXKICHUSI TPEXBAJEHTHOTO.
Comep>kaHne OOIIETO MBIIIbSIKA, BBIIIEIOYEHHOTO U3
apceHONMpPUTa, BO3pacTajio OT peaktopa | K peakTopy
11, nocTurast MakcuMaabHOro 3HaueHust 9.8 r/i1. Yuc-
JIEHHOCTb KJIETOK B peakTope Il HecKoJIbKO yBe T4~
BaJTach 10 CpaBHEHUIO C peakTopoM |, mocturast Mak-
cuMabHoro 3HaueHus 2.18 x 10° kir./mut. B peakrope
111 ynciIeHHOCTh KJIETOK YMEHBIIAJIACH B PE3yJILTATE
cHuXeHus: pH 1 yBelnyeHUs] KOHILIEHTpPALIUM MbI-
IIBSTKA B JKUIKOM (pasze MysIbIThL.

Du3MKO-XUMHYECKHE MapaMeTpbl KuUAKOil Gasnl
MyJIbIIBI B IpoLiecce 0MooKucieHns (hI0TOKOHIIEHTPATA
€0001IECTBOM MUKPOOPraHM3MOB NPU UCXOAHOM 3HA-
yennu pH 1.8—2.0. bei1 u3y4eH mpoiiecc 6akTepaib-
HO-XUMMYECKOTO OKHUCJIeHUs (JIOTOKOHIIEHTpAaTa

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

npu ucxogHom 3HadeHuu pH 1.8—2.0. Pesynbrarnl
HCCeIOBaHUI MpeACTaBlAeHbI B Ta0J. 2, B KOTOPYIO
BKJIIOUEHBI TaHHBIE 32 3 CYT IOCJIe MOJIHOTO 3aMellle-
HUST 00beMa TIYJIbITbI, B TEUeHHE KOTOPBIX OTOUpaIN
IpoObI Ha LIMAHUPOBAHUE, TAKXKe IPUBOAITCS JaH-
HBIE, COOTBETCTBYIOIIME (PU3MKO-XMMHUYSCKUM IIa-
pameTpaMm 3a 9 u 15 4 oKHMCJIeHUS, T.€. 1O BBEACHUSI
HOBO TTIOPIIUY ITYJIbITHI.

Kak BumHO 13 maHHBIX TaOII. 2, TIPpY MCCIICIYyeMbBIX
YCJIOBUSIX TTpoliecca YCTAaHOBUJIMCH CTAOMIIbHBIC (D13 -
KO-XMMMUYeckue TapameTpbl. 3HayeHusi pH cHuka-
Jmch ot peakropa I k peakTopy 111 or 0.37 mo 0.54 en. Ha
1 cyT akcriepumenTa, ot 0.53 10 0.56 en. — Ha 2 cyT 11 Ha
0.71 en. — Ha 3 cyr. CaMoe MHTEHCUBHOE TTIOOKUCIICHUE
cpenbl ObUIO OTMEUEHO B TedeHue 3 cyT. 3HayeHue Eh 3a
BpeMsT HaOMIOASHMI TTOBBIIIIANIOCH OT peakTopa I K pe-
akropy 11, B cpentem, Ha 58 MB, omHaKo GLUIO OTHO-
CHUTEJIbHO HU3KMM [IJII aKTUBHOTO IIPOLIECCa OKMCIIe-
HUS CYIbOUIHBIX MUHEPAJIOB: B peakTope 111 — 660—
667 MB. /1o KoHIIa Ipoliecca AByXBaJIEHTHOE KeJIe30
B JAHHBIX YCJIOBUSIX 9KCIIEPUMEHTA OKMCJIEHO He ObI-
Jlo. MakcumalibHOe cofepxkaHue OOILEero Keiae3a B
Kuakou ¢asze myabnbl (30.43 r/1) oTMedeHo Ha 2 cyT
HabmoaeHnuii. Ha 3 cyT Bo Bcex peakTopax IMoKa3aHO
CHMZKE€HME COIepKaHMsI OOIIIEero XKejae3a 3a CUeT oca-
KIEeHUS TpexBaJieHTHoro. CoaepkaHue OOIIero Mbl-
IIbsSIKA, BHIIIEJIOYEHHOTO U3 apCeHOIMPUTA, BO3pac-
Tajo oT peakTopa I K peakropy III, mocturas makcu-
MaJIbHOTO 3HaueHUs 8.97 r/n1. YMCIeHHOCTh KJIETOK B
peakrope II, Tak Ke, Kak 1 B IIpoliecce NpU MCXO-
HOM 3HaueHUU pH 1.6—1.8, HeCKOIBLKO yBeIUUMBa-
JIach MO CPaBHEHUIO ¢ peakTopoM I, mocturas Takoii
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Taomuma 3. ConepskaHue CyJTbGUIHBIX 3JIEMEHTOB B UCXOTHOM (DIIOTOKOHIICHTpATE Y B OMOKeKaX IOcjie OKUCICHUS TTpU

pa3HbIX 3HaYeHusix pH

Conepxanue, %
CyocTtpart
Fecynb(b. ASCyIIbe. Sboﬁm. Sbcynbd). Soﬁm. SO ScynbtbaTH. SCyJ'lbd).
W cXOmHBI KOHLIEHTPAT 20.37 6.69 3.69 — 18.33 0.8 0 17.84
Buokexk nociie okucieHust pu pH,,.,
1.6—1.8 8.6 1.81 3.25 0.35 14.76 1.46 3.49 9.81
1.8-2.0 6.45 1.30 3.41 0.54 14.67 1.29 4.17 9.21

K€ MaKCUMaJIbHOM uncineHHocTH 2.18 x 10° kir./mi, u
cHUXanach B peakTope II1.

CpaBHuTe/IbHBIA aHAIN3 (PU3UKO-XMMHUYECKHX Ma-
paMeTpoB MyJIbIIbI B Tpoliecce OKucaeHnsA GI0TOKOH-
HeHTpaTa cOoo0LIECTBOM MHUKPOOPraHU3MOB NpH pa3-
HbIX MCXOAHbIX 3HavyeHusix pH B mepBom peakrtope.
I1pu 3nauennu pH B peakrope I B imamaszone 1.8—2.0
(BTOpOI1 BapraHT) €ro BeJIMYMHA CHUXKAJIaCh B peak-
tope 111 mo xomy nponecca B cpenrem Ha 0.54 ex., To-
roa Kak npu 3HadeHuu pH B peakTope 1 B nanasone
1.6—1.8 (mepBbIit BapuaHT) — Ha 0.31 eqMHULIBL. DTO
CBUJIETEJILCTBOBAJIO O 0o0Jjiee aKTUBHOM OKUCJIEHUU
9JIEMEHTHOW Cepbl B BapuaHTe IpU 0oJjiee BHICOKOM
3HauyeHuM nucxomHoro pH. B nepBom Bapuanre (pH
1.6—1.8) comepxxaHue ob61ero xkeue3a B peakrope 111
cocTaBWIO B cpeaHeM 28.12 /71, BO BTOPOM BapuaHTe
(pH 1.8—2.0) — 28.10 r/n. ITpu Gosnee BLICOKOM 3Ha-
yeHur pH 1uio Gosee akKTMBHOE OcaXIeHUE cCoJei
TPEXBAJIEHTHOTO 3KeJie3a, MO3TOMY MOXHO TIpenrno-
JIOXKUTb, YTO M3 CYJbMUAHBIX MHHEPAJIOB B 3THUX
YCJIOBUSIX TIpoLiecca ObLIO BHIIIEIOYSHO OOJIbIIIE XKe-
Je3a. B nmepBoM BapuaHTe B XXUIKOU (haze peakTopa
III conmepxanock 8.41 /11 OOIIETO MBIIIbSIKA, TOTAA
KakK Bo BTopoM BapuaHTe — 7.80 r/J1, 4TO TakxkKe, BO3-
MOXHO, CB$SI3aHO C 0OJIbllieli CKOPOCTbIO COOCAXKIE-
HUS KeJjie3a C MBIIIbIKOM TpU 00Jiee BBICOKUX HC-
XONIHBbIX 3HaUeHusIXx pH B peakTopax I.

B Ta6:1. 3 m 4 npuBeneHBI pe3yabTaThl aHAJIN3a TBEP-
JIBIX OCTAaTKOB (OMOKEKM) IMOCjIe OMOOKHUCIeHMS (hIOTO-
KOHIIEHTpaTa IPU Pa3HbIX UICXOAHBIX 3HaUeHusX pH. B
npoliecce OKUCIeHNS (PIIOTOKOHIIEHTpaTa B peakTope |
B nuana3oHe pH 1.8—2.0 B 6Mokeke 0TMEYEeHO MEHb-
uree conepxkanue Fe ., AS,p 1 S, yeM npu pH B
nuanasoHe 1.6—1.8 (ta6. 3). [1pu 3T0M GBLUTO OKMCITE-
HO (%): Fe g — 76.1, Aseypy, — 85.3, Seypp. — 61.0 1
Feeynp, — 72.7, Aseypp. — 82.5, S — 64.4 cooTBeT-
CTBEHHO (Ta071. 4).

cynbo.

CeJIeKIIMOHUPOBAaHHOE COOOIIECTBO MMKpPOOpra-
HI3MOB B IIPOLIECCE POCTa M OKMCJICHUS SHEpreThde-
CKOTro cyOcTpaTa B peXXrMe TI0JIyHEeIIPePhIBHOIO KYJIb-
TUBUPOBAHUS C OOJBIIEH CKOPOCTBbIO OKUCISIO BJIe-
MEHTHYIO cepy (comepskaHue B TBepaou (ase peakTropa
1T 1.46% npu pH npouecca 1.6—1.8 u 1.29% npu pH

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

npouecca 1.8—2.0), yeM aboOpuUreHHOEe U IKCIIEPU-
MEHTAJIbHOE COO0IIECTBA (COAepKAHME 3TTEMEHTHOMN
cepbl — 2.21 n 1.97% cootBeTcTBEeHHO) [5].

B 0001x BapraHTax OTMEYEHO aKTUBHOE OKHUCJIE-
HUe CyJIbMUIHBIX MUHEPAIOB, COAEPXKAIIUX CYypbMY,
npuYeM B mepBoM BapuaHTe, mipu pH 1.6—1.8, muHe-
pasibl CypbMbl OKUCISUIMCH aKTUBHEE, YeM BO BTOPOM
Bapuanre, npu pH 1.8—2.0: conepxanue Sby,,, B
6uokeke peaktopoB III — 0.35 u 0.54% cooTBeT-
CTBEHHO.

ITpoOupHBIM aHAIM30M B UCXOAHOM (PJIOTOKOH-
HeHTpaTe ObLTIo onpeaeseHo 75 1/T 3010Ta. B pe3yiib-
TaTe LIMAHUPOBAHUS M3 MCXOJHOTO (DIOTOKOHIIEH-
Tpata 6110 U3BIIeYeHo 62.0% cBobGomHoro 30/0Ta. B
npoliecce OMOOKUCTeHUsT (DJIOTOKOHIIEHTpaTa Mmpu
pH,., 1.6—1.8 OBUIO IOMOJHUTEIHHO W3BJICYCHO
24.3% 3onota. B npouecce 6uookuciieHus GJIOTO-
koHueHTpata npu pH,. 1.8—2.0 ObUlO0 HOMONHU-
TeJIbHO U3BJIedeHo 28.5% 3omota. CeneKInoHUPO-
BaHHOE COOOIIECTBO C OOJIBIIIEN CKOPOCTBIO OKMUCITSI-
JIO cynb(pUaHbIE MUHEpAJbl, coaepxKallue 30JI0TO,
py UCXOAHOM 3HaueHUU pH Xuakoit (asbl MyabIibl
1.8—2.0, yem npu pH 1.6—1.8 npu npoymnx paBHBIX
YCJIOBUSIX.

AHallM3 BHAOBOI0 COCTaBa CeJeKIHOHMPOBAHHOTO
coo0mecTBa MHMKpPOOpPraHm3sMoB. B xmakoii dase
nyabnsl peaktopoB 111 B mporecce okuciaenus ¢Jio-

Taoamma 4. CreneHb OKUCIIEHUS CYJIbGUIHBIX MUHEPAJIOB 1
M3BJICYECHUE 30J10Ta M3 OMOKEKOB ITOC/Ie OKHMCIEHMS (hI0TO-
KOHILIEHTpaTa MpY pa3HbIX 3HaYeHUsTx pH

CreneHb W3Bneye-
Cy6erpar okucieHus, % uue, %
FeCyJ'Ibe. ASCyJ'leb. Scyﬂbcb. Au

UcxonHblit — — — 62.0
KOHIIEHTpAT
Bbuokek nocie
okucieHus npu pH,,.,

1.6—1.8 72.69 | 82.50 | 64.43 86.3

1.8-2.0 76.08 | 85.32 | 61.0 90.5
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OO0t BUI KJIETOK COOOLIECTBA aLIMI0XEMOIUTOTPOMHBIX MUKPOOPTAHM3MOB U3 XKUIKOM (hasbl mynbmbl peakropa 11, ckoH-
LIEHTPUPOBAaHHOMU B 5 pa3 (a); Kynbrypa Acidithiobacillus caldus OTI-1 (0); kynwsrypa Ferroplasma acidiphilum OI1-2 (B); Kynb-
typa Leptospirillum ferriphilum OTI1-4 (r); kynsrypa Sulfobacillus thermosulfidooxidans OI1-5 (n).

TOKOHIIEHTpaTa MPU Pas3HbIX UCXOAHBIX 3HAUYCHUSIX
pH oTMeudeHBI KJIETKM MUKPOOPTraHU3MOB ¢ MOp(O-
tunamu Acidithiobacillus spp., Leptospirillum spp.,
Sulfobacillus spp. u Ferroplasma spp. (pUCyHOK a).
IIpeoGnaganu majgoyku ¢ CpeIHUM pa3MEepPOM Kiie-
ToK (0.3 x 1.6) MKM; BCTpedyaiuch 6oJjiee KpyITHbBIE

najouku co cpenHuM pazmepoM (0.5 x 2.4) MKM, a
TaKXKe OKPYIJIbIC KJISTKH apXeil U U30THYThIe KIETKU
JIENTOCHUPUILIL.

C WCcrosb30BaHWEM MeTola BBIIEJICHUS YMUCTBIX
KYJIBTYP MUKPOOPTaHM3MOB MHOTOKPATHBIMM pacce-
BaMU KUAKOM (pa3bl IMyJIbITBI B JECATUKPATHBIX TIpe-

TMPUKIAOHAA BUOXUMHUA U MUKPOBMOJIOTHUA Ttom 49 Ne 5 2013
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JIEJIbHBIX pa3BelleHusIX OblLla BblAeeHa JOMUHUPYIO-
masi 6akrepusi, obo3HayeHHas1 “b”, 1 TOMUHUPYIO-
Ui apXeoH, O0O3HAYCHHBIA “A”, M H3y4eHHl HUX
MOJIEKYJISIPHO-0MOJIOTUYECKUE XapaKTePUCTUKU.

brina ompeneneHa mpakKTUYEeCKM IOJHAS ITOCTIE-
noBaTeabHOCTh (1438 HyKiaeoTUOOB) aMIuiM¢UuKaTa
reHa, kogupyiomrero 16S pPHK y nomuHupyioeit B
coobecTBe 0akTepun “b”. IIpoBeneH aHaIM3 MOJTY-
YEeHHOU MOCJIeN0BaTeIbHOCTU IIyTeM CpaBHEHUS C
aHaJIOTUYHBIMU MOCJIEI0BaTEeIbHOCTSIMU, TIOMEIIICH-
HbeIMU B 0a3y maHHbIx GenBank. M3 moryaeHHBIX
IAaHHBIX CJIEAOBAJIO, YTO (PMJIOTCHETUYSCKM Hambo-
Jiee OJTM3KUMMU K McCeaoBaHHOU OakTepuu “B” ObI-
an Bunbl Acidithiobacillus caldus mrtamm DX-2
(DQ470072), A. caldus muramm SM-1 (CP002573),
A. caldus mtamm N39-30-02 (EU499920) u Thioba-
cillus caldus (AF137369). YpoBeHb CXOICTBa TTOCIEI0-
BaTeJIbHOCTE OakTepun “B” ¢ mrammoM A. caldus
DX-2 coctaBuin 100%, ¢ mrammoM A. caldus SM-1 n
mraMMoM A. caldus N39-30-02 — 99.9%, ¢ iuramMMoM
bakrepuit 7. caldus — 99.6%. YpoBeHB CXOICTBA C TH-
MOBBIM IITaMMOM A. caldus ATCC 51756 (Z29975) —
99.7%. I1o cylleCTBYIOLLUM B HACTOSIIIEE BPEMSI TTPEI-
craBiaeHUsSIM [15] oOHapy:KeHHBI YpOBEHb CXOACTBA
nocyiegoBarenbHocTel reHa 16S pPHK mossomun or-
HeCcTH OaKkTepUaibHyIO Kyasrypy “B” x Buny A. caldus
OII-1 (pucyHOK 0).

bblna omnpenesieHa MpakTUYECKU TIOJIHAS TTOCe-
JoBaTesbHOCTh (1416 HYKJIIeOTHAOB) aMILIMpuUKaTa
reHa, kogupyoiiero 16S pPHK y toMuHupyoiiero B
coobmecTBe apxeoHa “A”. IlpoBemeH aHaIU3 IOJIY-
YEeHHOM TOCIEIOBATEILHOCTH ITyTeM CpPaBHEHUS C
aHaJIOTUYHBIMU TTOCJIEA0BATEILHOCTSIMHU, TIOMEIIICH-
HbIMU B 0asy gaHHbix GenBank. M3 moayyeHHBIX
MaHHBIX CJIeAOBaJo, YTO (WIOTeHETUIECKN Hambo-
Jee OMM3KMMU K apxeoHy “A” OBIIM BUIBI apxeil
F. acidiphilum mitamm Y (NR_028183) u F. acidiphi-
lum mrtamm DR1 (AY222042). YpoBeHb CXOACTBa
HYKJICOTUIHOM TTOCJIEIOBATEILHOCTH TeHa apxeoHa
“A” m mtamma F. acidiphilum DR1 cocraBuit 99.7%;
YPOBEHB CXOJICTBA C TUIIOBBIM INTaMMoM F. acidiphi-
lumY — 99.5%. O6GHapyXeHHBI YPOBEHb CXOICTBA
nocyienoBarenabHocreit 16S pPHK mo3Bosiua otHeCcTH
KynbeTypy apxeoHa “A” kK suny F. acidiphilum OII-2
(puCyHOK B).

CornacHO TaHHBIM, TTOJTYYEHHBIM MOJIEKYJISIPHO-
OMOJIOTUYECKUMU METOAAMM, B UCXOJIHOM COOOIIIe-
CTBE UACHTUGULIMPOBAHBI TOJILKO 2 TOMUHUPYIOLIUX
B TIpoliecce OKMCICHMS (DIOTOKOHIIEHTpaTa MUKPO-
opraHuaMma: mramMmm Oakrepuu A. caldus, KOTopbIit
coctaBuit 90% OT 06IIEero Yncjia MUKpOOPTaHU3MOB,
u apxeoH F. acidiphilum.

OmHaKo N3BECTHO, UTO A. caldus He OKUCITSIET BOC-
CTaHOBJICHHbBIE ()OPMBI 3KeJie3a, ITO3TOMY MCXOIHOE
COOOIIECTBO MUKPOOPraHU3MOB OBLJIO MPOaHAJIN3U-
pOBaHO Ha COOTHOIIIEHME XKeJIe30- U CEPOOKUCITUTE -
JIeli KyJIBTypaTbHBIM METOIOM TTOCEBa XXUIKOM (ha3bl
ITyJIBIBI B TIPEASTbHBIX IECATUKPATHBIX pa3BedeHUSX
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Ha 3JIeKTUBHBIE cpeabl: CuibBepMaHa 1 JIyHATrpeHa ¢
JIBYXBaJICHTHBIM 3KEJIE30M B KayeCTBE MCTOYHUKA
DHEpPTUM U Ha cpeny AneHa u bpoka ¢ anemMeHTHOMI
cepoii [16].

TToceBbl MPOBOOWIIM 10 ACSCSITOTO pa3BeACHUS U
nomelnanm B TepMocTtaT Ha 35°C Ha 14 cyt. 3atem
POCT KYJBTYP KOHTPOJMPOBAJIN MO, CBETOBBIM MUK~
pockoroM ¢ (Ha30BO-KOHTPACTHBIM YCTPOMCTBOM,
Ha4MHas C ISITOro pa3BeleHHUs. DTO MO3BOJIMUIO BhI-
SABUTb Leptospirillum sp. BO BceX peakTopax B KOJIMJe-
ctBe 10° xi1./Mi. Jlaxe B IOCIEOHUX Pa3BENCHUIX,
IJIe €CThb POCT OakTepuii, HaOIOdAIM HEOTHOPOI-
HOCTb MOP(MOTUITOB MUKPOOPTaHU3MOB B COOOIIIE-
cTBe: KpoMe A. caldus Ha cpene ¢ 3JIeMEHTHOM cepoii
U A. ferrooxidans Ha cpefe c Xejie3oM, ObLTU OOHApY-
JKEeHbI 0oJiee KpYITHbIE MO pa3Mepy KIETKHU CyIbdo-
Oamy1 U apxen. B mcciaemyeMoM cOOOIIECTBE BO
Bcex peakTopax Ipeobnamanu A. caldus. Camoe BbI-
COKO€ MX cofepKaHWUe MPUXOAMIIOCHh Ha peakTop 11 u
cocraBisiio 77% ot 0o0lero ymncia KJIETOK. Yucio
KieToK A. caldus cHwxamnock K peakrtopy III mo
45.24%. YucneHHOCTh KIIETOK A. ferrooxidans Oblna
HeBeJinKa U cocTasisiiia 6.49% B peakrope | u cHU-
xkainach K peaktopy 111 mo 3.84%. B peakrope 111, roe
HaKaIlJIMBaJIMCh TPOAYKThI MeTadoJiM3Ma M JIM3Mca
KJIETOK, YBEJIMYMBAJIaChb UMCIEHHOCTb apXxeil poja
Ferroplasma (27.61%) n 6aktepuii pona Sulfobacillus
(23.31%), HyXmaroumxcsl B HeOOJIbIINX KOJINYECTBAX
OpraHM4YeCKUX BEIIECTB.

A. ferrooxidans OI1-3, L. ferriphilum OI1-4 (pucy-
HOK T) u S. thermosulfidooxidans OTI-5 (pucyHoK 1)
OB BBIIEICHBI B YUCTYIO KYJIBTYPY, M X TAKCOHO-
MUWYECKUI CTaTyc TMMOATBEP:KIACH pe3yabTaTaMU aHa-
mm3a 16S pPHK. YpoBeHb cxoncTBa HYKJIEOTUIHOM
nocienoBaTeIbHOCTU mTamma A. ferrooxidans OI1-3
C TUIIOBLIM IITaMMOB A. ferrooxidans AT33020T co-
craBua 99.9%, HYKIIEOTUIHON ITOC/IENOBATEILHOCTH
mramMma S. thermosulfidooxidans OIl-5 ¢ mramMmmom
S. hermosulfidooxidans BKM B-1269T — 99.8%, nyx-
JICOTUIIHOI TTocenoBateabHocTy L. ferriphilum OI1-4 ¢
wraMMoB L. ferriphilum BY — 98.9%.

TakuMm 00pa3oM, B COCTaBe CeNEKIIMOHNPOBAHHO-
TO cOO0IIecTBa MUKPOOPTaHNU3MOB C BBICOKOM CKO-
POCTBIO OKUCIIEHUS CYIbMUAHBIX GOpPM XKejae3a U
MBIIIBSIKA, a TaKXkKe JJIEMEHTHOM cepbl, 00pasylo-
LIeiicsT B MPolecce OKUCICHUS CYIb(MUIHBIX MUHE-
payioB (PIIOTOKOHIIEHTPATA C BEHICOKUM COACPKAHUEM
OUPPOTUHA, BXOOAWJIU B KA4eCTBE NTOMUHUPYIOLINX
KyneTyp A. caldus OI1-1 u F. acidiphilum OII-2. Ot-
MEUEHO TPUCYTCTBUE B COCTaBe COOOIIECTBA TAaKXKe
Kynsryp A. ferrooxidans OI1-3, L. ferriphilum OI1-4 u
S. thermosulfidooxidans OII-5.

Pab6ora BeImonHeHa npu mnomuepxkke 3A0 “Ilo-
moc” u rpanta PODOU Ne 13-08-00046.
Ne 5
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Selection of a Community of Acidochemolithotrophic
Microorganisms with a High Oxidation Rate of Pyrrhotite-
Containing Sulphide Ore Flotatation Concentrate

T. F. Kondrat’eva“, T. A. Pivovarova®, A. G. Bulaev*, P. V. Moshchanetskii¢, I. A. Tsaplina“,
N. V. Grigor’eva?, A. E. Zhuravleva4, V. S. Melamud?, and A. V. Belyi’

¢ Vinogradskii Institute of Microbiology, Russian Academy of Sciences, Moscow
b ZAO Polyus, Krasnoyarsk krai
e-mail: kondr@inmi.ru
Received February 12, 2012

Abstract—A community of acidochemolithotrophic microorganisms with a high oxidation rate of pyrrho-
tite-containing sulphide ore flotation concentrate was selected. The Acidithiobacillus caldus OP-1 and Ferro-
plasma acidiphilum OP-2 cultures were identified to be dominating members. The presence of the Acidithio-
bacillus ferrooxidans OP-3, Leptospirillum ferriphilum OP-4, and Sulfobacillus thermosulfidooxidans OP-5 cul-
tures in the community’s composition was also mentioned. The analysis results of solid residues of the process
showed a greater elemental sulfur oxidation level and gold recovery when the initial pH value in tank I was
maintained at a level of 1.8—2.0 (90.5%) rather than 1.6—1.8 (86.3%).
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NOVEL MUTATIONS IN B-TUBULIN GENE IN Trichoderma harzianum
MUTANTS RESISTANT TO METHYL BENZIMIDAZOL-2-YL CARBAMATE

© 2013 M. Li®** H. Y. Zhang**** and B. Liang**
* Fundamental Science on Radioactive Geology and Exploration Technology Laboratory, East China Institute of Technology,
NanChang, Jiangxi, 330013, China
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Twelve low resistant (LR) mutants of Trichoderma harzianum with the capability of grow fast at 0.8 ug/mL
methyl benzimidazol-2-yl carbamate (MBC) were obtained using UV mutagenesis. MR and HR mutants
which could grow fast at 10 and 100 pg/mL MBC, respectively, were isolated by step-up selection protocols
in which UV-treated mutants were induced and mycelial sector screening was made in plates with growth me-
dium. Subsequently, B-tubulin genes of 14 mutants were cloned to describe the molecular lesion likely to be
responsible for MBC resistance. Comparison of the B-tubulin sequences of the mutant and sensitive strains
of T. harzianum revealed 2 new MBC-binding sites differed from those in other plant pathogens. A single mu-
tation at amino acid 168, having Phe (TTC) instead of Ser (TCC), was demonstrated for the HR mutant; a
double mutation in amino acid 13 resulting in the substitution of Gly (GGC) by Val (GTG) was observed in
B-tubulin gene of MR mutant. On the other hand, no substitutions were identified in the B-tubulin gene and
its 5'-flanking regions in 12 LR mutants of 7. harzianum.

DOI: 10.7868/50555109913050085

Benomyl and methyl benzimidazol-2-yl carbamate
(BBC and MBC), are benzimidazole fungicides wide-
ly used in China and worldwide on a large variety of
crops to control plant pathogenic fungi [1]. However,
many benzimidazole-resistant pathogenic isolates,
e.g. Penicillium spp. [2], Colletotrichum gloeosporioides
[3], Botrytis cinerea [4], have been detected in field
shortly after intensive and exclusive use of these fungi-
cides. In addition, reversion of resistant populations to
fungicide sensitive ones has not been observed even af-
ter selection pressure has been removed for many years
[5]. The appearance of resistance has become an im-
portant factor in limiting the efficacy and useful life-
time of fungicides developed at increasingly higher
costs. Exploring new chemical fungicides and apply-
ing more fungicides in field are needed to control
pathogens more efficiently. Stems form a worldwide
need to adopt the practice of sustainable agriculture,
using strategies that are environment-friendly, less de-
pendent on agricultural chemicals and less damaging
to soil and water resources, there has been consider-
able interest in the utilization of sublethal doses of
chemicals with biocontrol strains which are resistant
to them, and the information on this kind of integrated
control is accumulating more rapidly than on other
combinations of control components [6].

To implement integrated control combining bio-
control fungi with chemical fungicides, some biocon-
trol fungi with fungicide resistant phenotype have been

isolated gradually [7]. Trichoderma genus has been
shown effective as biocontrol agent against a range of
economically important aerial and soil-borne fungal
plant pathogens [8]. Although mutations of Trichoder-
ma spp. resistant to BBC and MBC have already been
isolated [9], the obtaining of promising mutants with
higher MBC resistant levels than field populations is
important for the adoption of these agents with tradi-
tional chemical fungicides. Considered from this
point, we decided to isolate promising MBC-resistant
mutants of 7. harzianum for integrated control in field
with MBC using UV mutagenesis and step-up selec-
tion protocols.

Previous biochemical and genetic analyses have
identified microtubules of Saccharomyces cerevisiae as
primary benzimidazole binding target [10]. Benzimi-
dazole functioned by inhibit the polymerization of tu-
bulin monomers into functional microtubules, specif-
ically on B-tubulin subunit. In addition, sequence re-
arrangement in 5'-flanking region of B-tubulin gene
has been also observed in Epichloe typhina resistant
strain [11]. The aim of the study was to describe mo-
lecular lesion likely to be responsible for MBC resis-
tance in 7. harzianum. The results would enrich the
growing body of knowledge of 3-tubulins connected
with fungicide resistance and to find possible endoge-
nous selectable markers for 7. harzianum.
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MATERIALS AND METHODS

Strains and growth conditions. The isolate 7. har-
zianum was obtained from East China Institute of
Technology. The growth potato dextrose agar (PDA)
medium contained (g/L): potato infusion — 200, dex-
trose — 20, agar — 20. The strain was cultured in plates
of 9 cm diameter at 25°C for 1 week. Fifteen ml dis-
tilled water with 0.005% (v/v) Tween 80 was poured
onto the plate to prepare spore suspension (10° cells
per ml). Subsequently, 1 mL of spore suspension was
inoculated into 100 mL of liquied potato dextrose me-
dium for chromosomal DNA isolation, incubated at
25°C and 200 rpm on an orbital shaker for 48 h and
mycelia were harvested.

Induction of 7. harzianum MBC-resistant mutant
strains. Classical random mutagenesis and selection
approach were taken to isolate 7. harzianum MBC-re-
sistant strains. First, spore suspension (10° CFU/mL)
of'the wild type was overlaid on PDA plates containing
5, 10, 50, 100 or 500 ug/mL MBC. The plates then
were exposed to a 15W UV light sources at a distance
of 30 cm for 90 sec. After UV exposure, the plates
were incubated in the dark for 5—7 days at 25°C. Vi-
able colonies were isolated and subcultured on a se-
ries PDA plates supplied with 0, 1, 5, 10, 50, 100,
500 or 1000 ug/mL MBC. Fungicide concentration
that results in 50% mycelia growth inhibition (ECj)
and MBC sensitivity were calculated. Genetic sta-
bilities were detected by triple subculturing without
the fungicide, followed by retesting for MBC resis-
tance.

Step-up selection protocol was designed to achieve
higher level of drug resistance in which UV treatment
fungal mutants were induced and subjected to form
sectors [12]. Colonized agar plugs, 4 mm in diameter,
were transferred from the margin of actively growing
cultures of the sensitive and UV-induced resistant iso-
lates, mycelium-side down, onto potato dextrose agar
plates supplied with 30, 100, 500 or 1000 pg/mL
MBC. The MBC concentrations used for selection
were previously found to be highly inhibitory for each
tested isolate. Plates were sealed with parafilm, incu-
bated at 25°C in darkness and observed at 6 day inter-
vals for colony diameter and sectoring. ECs, for
growth inhibition mycelium and MBC sensitivity of
T. harzianum were calculated. Stabilities of the fast
growing mycelial sectors were tested as above.

DNA extraction. Mycelium of the sensitive and re-
sistant isolates of 7. harzianum were ground to powder
in liquid nitrogen. About 100 mg powdered mycelium
was added to 600 pL extraction buffer (200 mM Tris-
HCI with 25 mM EDTA, 250 mM NacCl and 0.5%
SDS, pH 8.0) containing 60 g proteinase K (Sigma,
USA). Following gentle homogenization, the sample
was placed at 37°C for 30 min, centrifuged 5 min at
11.000 x g. The upper phase was transferred to a new
tube and extracted with phenol-chloroform. The clear
supernatant was precipitated with 600 pL isopropanol.
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The nucleic acid pellet was washed with 70% (v/v)
ethanol, air-dried, resuspended in 500 pL TE buffer
(10 mM Tris-HCI with 1 mM EDTA; pH 8.0) con-
taining 10 ug RNAse (Sigma, USA), incubated 30 min
at 37°C, extracted with phenol-chloroform and pre-
cipitated with isopropanol as above. The final DNA
pellet was washed twice with 70% (v/v) ethanol, air-
dried, dissolved in nuclease-free water, and stored at —
20°C until use.

Amplification of p-tubulin gene and flanking regions
from MBC-resistant mutants. PCR amplifications were
designed to generate B-tubulin gene coding region or its
5'-flanking region, using genomic DNA from variant re-
sistant 7. harzianum mutants as templates. Amplification
from the sensitive fungal strain used as a control.
Primers were designed based on the B-tubulin gene
nucleotide sequences reported previously as follows:
5'-ATGCGTGAGATTGTGAGTTCCC-3" (forward)
and 5'-TTACTCCTCCTCGTGCTCAGCA-3' (re-
verse) for the amplification of 1.7 kb 3-tubulin gene cod-
ing region, 5'-AAGCTTCTCATCAGCAAGCTCG-3'
(forward) and 5'-GATGGCTAGTGATGATGCTG-
GA-3' (reverse) for 1.5 kb 5'-flanking region. Amplified
fragments were examined by agarose gel electrophoresis,
followed by cloned and sequenced.

RESULTS AND DISCUSSION

Induction of 7. harzianum MBC-resistant mutant
strains. Four distinct resistance levels were pre-
scribed to classify 7. harzianum MBC-resistant iso-
lates according to previous studies [13]: sensitive (S),
could grow at 0.1 pg/mL of MBC, but was complete-
ly inhibited at 0.8 pg/mL; low resistance (LR), could
grow fast at 0.8 ug/mL of MBC but completely in-
hibited at 10 pg/mL; moderate resistance (MR),
could grow fast at 10 pg/mL of MBC and slowly at
50 ug/mL, but completely inhibited at 100 pug/mL;
high resistance (HR), could grow fast at 100 pg/mL
of MBC, partially inhibited at 1000 pg/mL and even
could grow slowly at 1500 pg/mL.

A series PDA plates amended with 500, 100, 50, 10
or 5 ug/mL MBC were used for the selection of resis-
tant fungal mutants. UV mutagenesis treatment was
performed at 500 pg/mL of MBC and no growth was
observed at this top concentration after 7 days of incu-
bation at 25°C. In other experiments MBC concen-
tration was 100, 50, 10 or 5 ug/mL. Twelve colonies
were appeared on plates containing 5 ug/mL MBC.
The survivors exhibited normal colony morphology
and growth rate compared with the sensitive 7. har-
zianum strain when cultured on medium without
MBC. The UV-treated mutants were able to grow at
0.8 pg/mL of MBC, grew fast at alevel of 5 ug/mL, but
were completely inhibited at 10 pg/mL. The ECs, of
the growth inhibition of 12 LR mutants of 7. har-
zianum ranged from 3.8 to 6.4 pg/mL of MBC.
Ne 5
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Two MBC-resistant mutant sectors (HR and MR) of mycelia growing out by step-up selection protocols in which UV-treated

mutants of 7. harzianum, were used.

UV mutagenesis is the most commonly used tech-
nique for microbial strain improvement, but our initial
attempts obtained only a high frequency of occurrence
of LR mutants. It is difficult to obtain the MR or HR
T. harzianum mutants only by UV mutagenesis. Sec-
toring is thought being a strategy to get the target fungi
reacted against the toxic effect of fungicides. It has
been reported that many fungi e.g. Fusarium
graminearum and Alternaria brassicicola can produced
fast growing resistant sectors on agar medium contain-
ing fungicides [14, 15]. However, incorporation of
fungicides to the growth medium of Trichoderma spp.
led to sector formation very restricted. In this study, two
fast growing sectors were produced by cultivating LR
mutants on PDA plates supplied with 1000 or 30 pg/mL
of MBC for more than 15 days (Figure). One sector,
where mycelium of 7. harzianum could grow fast at
100 pg/mL of MBC and even be resistant to MBC at
concentrations up to 1500 pg/mL, was designated as
HR. The other one, with mycelium growing fast at

10 pg/mL of MBC and slowly at 50 ug/mL, was des-
ignated as MR. The ECs, of the growth inhibition of
two mycelial sectors were 628.7 and 38.2 pg/mL of
MBC (Table 1). Culturing the sensitive 7. harzianum
strain on MBC-containing medium, we did not ob-
served any sector coming out. From this experiment
we can conclude that after exposition to MBC in high-
ly inhibitory concentrations, UV-treated mutants of
T. harzianum can produce sectors more easily than the
sensitive ones.

Considering that the field application concentra-
tion of MBC for control plant pathogenic fungi in
China changes from 500 to 1000 pg/mL, it is feasible
to apply the HR isolate of T. harzianum concurrently
in the field with MBC to reduce the number of the
fungicide applications needed for pathogen. In con-
trast to some reports that fungal sectors treated with
fungicide commonly exhibit abnormal colony type,
morphotype or other phenotypic characteristics [16],
the two mycelial sectors obtained in this study exhibit-

Table 1. Characteristics of resistance to MBC of the wild and mutant 7. harzianum strains

Resistance to MBC Mutationin Amino acid of the 3,-tubulin gene
Strain (EC5o/MIC)* wubuli
both in ug/mL B,-tubulin gene codon substitution
Wild 0.4/0.8 GGC 13 Gly
TCC 168 Ser
MR** 38.2/100 GTG 13 Val
HR*** 628.7/>1000 TTC 168 Phe

* ECs — concentration of MBC which inhibits the fungal growth to 50%, MIC— minimum inhibitory concentration of MBC which
inhibits fungal growth by 100%.

** Fast growing mycelial sector, which was produced by cultivating UV mutants of 7. harzianum on PDA plates supplied with 30 ug/mL
of MBC for more than 15 days.

*#% Fast growing mycelial sector, which was produced by cultivating UV mutants of 7. harzianum on PDA plates supplied with 1000 pg/mL
of MBC for more than 15 days.
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Table 2. Mutations at the B-tubulins gene causing the resistance of selected filamentous fungi to benzimidazoles

Amino acid of the B-tubulin gene

codon substitution

Organism and reference

6 His to Leu Aspergillus nidulans [18]

His to Tyr

A. nidulans 18], Monilinia fructicola [19], Septoria nodorum [20], Trichoderma viride [21]

50 Tyr to Asn

Fusarium moniliforme [22]

165 Ala to Val A. nidulans [ 23]

167 Phe to Tyr

Cochliobolus heterostrophus [24], Neurospora crassa [25], Penicillium expansum [26],
Saccharomyces cerevisiae [27]

198 Gluto Ala

Botrytis cinera [28], M. fructicola [19], Penicillium aurantiogriseum [29], P. expansum
[26], Tapesia yallundae |30], Venturia inaequalis [29]

Gluto Asp A. nidulans [18]
Gluto Gln A. nidulans (18], T. yallundae [30]
Gluto Gly N. crassa [31], T. yallundae |30]
Glu to Lys A. nidulans [18], Colletotrichum.gloeosporioides [32], M. fructicola [19], P. aurantiogri-
seum [29], P. expansum [26], Sclerotinia homoeocarpa [29], T. yallundae [30],
V. inaequalis [29]
Glu to Val P. expansum [26]
200 Gluto Lys B. cinera [33]
Phe to Tyr P. aurantiogriseum [29], T. yallundae [30], V. inaequalis [29]
240 Leu to Phe M. laxa [34], T. yallundae [30]

241 Arg to His S. cerevisiae [35]

ed the same colony morphology with the sensitive
strain during growth on MBC-containing and control
media. When cultivated on medium without the fungi-
cide, the mycelial sectors could keep growth at the
same rates in comparison with the sensitive strain, but
reductions were observed with the elevation of MBC
concentrations. All 14 resistant mutants (12 LR, MR,
HR) of 7. harzianum maintained genetic stability after
triple subculturing without the fungicide, followed by
retesting for MBC resistance.

Mutations responsible for MBC resistance in 7. har-
Zianum. Resistance to benzimidazoles in S. cerevisiae
has been reported be correlated in most cases with point
mutations in 3-tubulin gene loci, leading to altered ami-
no acid sequences at the benzimidazole-binding site
[10]. This kind of resistance may result from single or
multiple B-tubulin gene mutations. Moreover, muta-
tions at different codons and even different substitu-
tions at the same codon may result in different resis-
tance levels to these compounds [17].

PCR amplifications were employed to generate
1.74 kb fragments by using DNA from the sensitive
and 14 resistant isolates as template to verify if there
exist any mutations in the B-tubulin gene responsible
to the T. harzianum MBC resistance. Sequence com-
parisons of the target DNA fragments revealed a single
base difference between the sensitive and the HR mu-
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tant, a C to T transversion at nucleotide 844, resulting
in Ser substitution for Phe at 168 amino acid, which is
highly conserved among B-tubulins from other spe-
cies. The MR mutant presents two consecutive muta-
tions, having Val instead of Gly at the 13 position, thus
substituting GGC codon for a GTG codon (Table 1).
Previous studies have shown mutations at codon 6, 50,
165, 167, 198, 200, 240, 241 in B-tubulin gene of dif-
ferent fungi could cause benzimidazole resistance (Ta-
ble 2). However, we have not found any report of mu-
tations at the codons connecting with benzimidazole
resistance similar to those found in this research in any
field isolates or laboratory-induced mutants from fila-
mentous fungi. Although strict amino acid differences
exist in the B-tubulin gene, site-directed mutagenesis
and structural analysis of the 3-tubulin are also neces-
sary to substantiate the molecular mechanism. The re-
sults would enrich the growing body of knowledge of
fungal B-tubulins determining fungicide resistance.

No substitution was identified in the B-tubulin
gene of all 12 LR mutants of 7. harzianum. Consid-
ering sequence rearrangement in 5'-flanking region
of B-tubulin gene observed in Epichloe typhina LR
strain [12], we cloned the same region of 7. har-
zianum LR strain extending about 1.5 kb upstream of
ATG initiator codon. No variations altered the ex-
pression of the B-tubulin were revealed. It is presumed
Ne 5
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that there could be some unrecognized mechanisms
responsible for MBC resistance of fungi.
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T'ETEPOJIOI'MYHAA DKCTPALIE/JIFOJIAPHAS BDKCITPECCUA
U XAPAKTEPUCTUKA ITEPOKCUCOMAJIBHOI KATAJIA3BI
N3 METWJIOTPO®HBIX TPOXXKEWN Hansenula polymorpha
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Karana3za pacieruisier H,O, B KJIeTKax U CHMXXaeT TOKCUYHOCTb NTEPEKUCHBIX COeAMHEeHM . [eH KaTaassl
HpCAT1 n3 metnnoTpodHBIX aApoxckelt Hansenula polymorpha 3a NCKIIIOYEHUEM YaCTH, KOOUPYIOIIE CUT-
HaJIbHBIN MENTHUI, OB KIIOHUPOBAH B OKIPECCUPYIONINI BeKTOp pYM3165 1 MeTOIOM 3J1eKTPOHOpaviu
BCTpoeH B reHoM Pichia pastoris GS115. B pe3yinbrare aHaan3a akTUBHOCTU hepMeHTa 1 2JIeKTpodope3a B
ITAAT ¢ Na-JI/IC 6bU10 MoKazaHo, 4YTo pekoMouHaHTHBIN 6esiok (HpCAT 1) uz H. polymorpha sknpeccu-
posajics B P. pastoris. BHexierounyro Katanazy P. pastoris GS115 BbImessuiv 13 cyllepHaTaHTa KyJIbTYpHhI, Oca-
>knanu BoicanvBanueM (NH,),SO,4 u mpoBoannu addunHyto xpomarorpaduio Ha Ni-NTA. MccnenoBaHsl
OCHOBHBIC OMOXUMMYECKHE CBOMcTBa pekoMOmHaHTHOro Oesika HpCAT1, temmiepaTtypHsiii 1 pH-omrrrnmy-
MBI, TEPMOCTAOMIBLHOCTh, pH-CTaOMIBHOCTD, a TAKXKE YYBCTBUTEILHOCTb K MOHAM META/UIOB M XMMUYECKUM
BelectBaM. [1pu ucnonb3oBanuu H,O, B kauectBe cyoctpata HpCAT 1 onTuManbeHble 3HaueHust pH u tem-
neparypbl OblIu ~2.6 1 45°C, COOTBETCTBEHHO. AKTUBHOCTh PEKOMOMHAHTHOIO O€ejiIka MHIMOUpoBajiach B

npucyrctBun 1.0 MM Hg?" u Cu?* 1 Bospacraia B npucyrctsun 1 MM Fe?*.

DOI: 10.7868/S0555109913050140

Karamaza (K® 1.11.1.6) — oguH U3 caMBIX pac-
MPOCTPAaHEHHBIX aHTMOKCUIAHTHBIX (hepMEHTOB, Ka-
Tanuaupytoiux pacuerienue H,O, Ha Bomy U K1co-
PO, IPETISITCTBYIOIINX 00pa30BaHUIO BHICOKOTOKCHY-

HbIx coenquHeHuid "OH 1 O, — noOOYHBIX MPOTYKThI
Meradonu3Ma kuciaopona [l1]. AKTMBHOCTb Karajiasbl
OOHapyXMBaeTcsl TOYTU Y BCEeX BUIAOB adpOOHBIX U
aHa3pPOOHBIX OpraHU3MoOB. B nonosHeHue K cBoei 61o-
JIOTMYeCKOM (PYHKIIMM, KaTaja3bl HAXOMSAT MpPUMEHEe-
HIe B (hapManeBTUUIECKOH [2], TTMILeBOM, TEKCTWIHHOMN
M 1IEJUTIOJI03HOOYMAaXKHOM ITPOMBIIIUIEHHOCTH, a TAKXKE
WCIIONB3YIOTCS TIpU OMOpeMenuanui OKpPYKaloIIeh
cpenbl [3—5]. Bo3aMOXKXHOCTE OMOJIOrMYECKOro 1 IIPO-
MBIIIJIEHHOTO UCITOJIb30BaHUS 3TOTO (DepMeHTa IIpU-
BJIE€KaeT BHUMaHME K 3TOMY (DEepMEHTY KaK OMOXM-
MUKOB, TaK 1 MOJIEKYJIIPHBIX O10JIOTOB. BhLiu BhIAe-
JIEHbl W MCCJIEIOBAaHbI MHOIME Te€HBI, KOAMPYIOIINE
KaTtajasy y XKMBOTHBIX [6], pacTeHui1 [ 7] U MUKpoopra-
Hu3MoB [8]. CoBceM HeTaBHO, HEOOBIYHbIE OMOXIMM -
YecKUe CBOMCTBa, KOTOPbIE MOTYT ObITh MCIOJIb30Ba-
HbI, TIPUBJIEKJIM BHUMaHUE UCCIea0oBaTeNe K U3yde-
HUIO KaTaja3bl U3 MUKPOOPTaHM3MOB, KMBYILIMX B
9KCTPEeMaJIbHBIX YCIOBUSIX, HAalIpUMEp IIPU BBICOKUX
WIM HU3KUX Temrieparypax [9, 10], B OKUCISIOINX
ycaoBusix [11, 12], mpu BbICOKOI KOHLIEHTpaLIMU CO-
nert [13, 14], panguoakTuBHOCTU [15] wiu B 1IeI04Y-
HBIX/KHUCJIOTHBIX cpefax ooutanus [16, 17].

ITpoBeneHHbIC UCCIENOBAHUS MTOKA3aJIU, UTO MY-
TaHTbl TEPMOCTOMKUX METUJIOTPOMHBIX APOXKEN
Hansenula polymorpha ¢ orcyTCcTBYIOIIEH NEPOKCH-
comanbHOM Katanazoil (HpCAT1), He pacTyT B yciio-
BUSIX, KOT/Ia METAHOJI SIBJISIETCS € IMHCTBEHHBIX UCTOY -
HMKOM yryiepoaa u 3Hepruu [18], To ecTh 3TOT 610K
MHIyLUpyeTcs TIpu BoipainuBanuu H. polymorpha Ha
METaHOJIe U OH HEeOoOXOaWM JIJIsi MeTaboiu3Ma cyo-
cTpara.

BriepBble KaTanaza Obljia BblejeHa U3 BHEKJIE-
TOuHOro 3KcTpakrta H. polymorpha B 1975 1. OnHako
Torda OBLIM MCCJACAOBAaHBI TOJILKO TEPOKCUIA3HBIC
cBoiicTBa atoro Oenka [19]. Ilomnas mnpouemypa
ourctku HatuBHOTOo HpCAT1 1 ero cBoiicTBa ObUIU
uccienoBadbl B 1991 1. B pa6ote [20]. B 1992 r
HpCATI ren ObL1 KJIOHAPOBaH, BbISIBJIEHA CUTHAJIb-
Hasl Tocea0BaTeIbHOCTh 3Toro pepmenTa [21]. Jlo-
Kayu3alus KaTajaasbl B KJIeTKax ObUla U3ydyeHa B TOM
Ke romy [22]. Tem He MeHee, HU3KHWiI BBIXOH IIpHU
ouncTtke romoreHHoro 6enka HpCAT1 u ero Hecra-
OMJIBHOCTH MPETSITCTBOBAIM AaIbHEUIIEMY aHaIu3y
(bepMeHTa U MPUMEHEHUIO €ro B MPOMbIIILIEHHOCTH
[20]. Hamre ncciemoBanue Katanasel H. polymorpha —
MEPBbIN 1Iar K MOJIyYeHUIO TeTepOJOrMYHON pPeKOM-
OMHAHTHOW KaTajia3bl, KOTOPYID MOXHO HCIIOJIb30-
BaTh B HEKOTOPBIX OTPACIISIX TPOMBIIIIICHHOCTH.
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Puc. 1. Cxema Bektopa pYM3165 mist akcripeccuu katanasbl B P. pastoris GS115.

Metunorpodnsie apoxcku Pichia pastoris, crio-
COOHBIE PACTH B YCJIOBUSIX, KOTJIa METAHOJT SIBJISIETCST
€INHCTBEHHBIM MUCTOYHUKOM YIJIepOJa, MOTYT OBITh
WCITOJIb30BaHbI B KAUeCTBE BeChMa YCMEIIHONW CUCTE-
MBI UISI 9KCIIPECCUU TEeTePOTeHHBIX PEKOMOWHAHT-
HBIX 0eJIKOB [23, 24]. OTKpBITBIC paMKH CUNTBIBAHUS
GeJiKa HaXOASITCS TIOJI KOHTPOJIEM ITPOMOTOpa aJIKO-
roJIb OKCHUIA3bl, M, TAKUM 00Opa30oM, BEICOKUE BHYT-
PUKJIETOYHbIE KOHLIEHTpaluy Oejka MOXHO WHAY-
LIMpOBaTh JOOABJIEHUEM MeTaHoJia K P. pastoris [25,
26]. KpoMme TOr0 3Ta rereporeHast CuCTeMa 3KCIpec-
CUU MO3BOJISIET MIPOBOAUTh T'eHETUUYECKUE MAHMUITY-
JISIUAM C TEHOM KaTajashbl.

B Hacrosiiee BpeMs moApOOHbBIX SH3UMOJIOTU -
YyeCcKMX MCCeoBaHU PEeKOMOWHAHTHOTO OeJiKa
HpCAT1 He nmpoBOAMJIOCH, B OTJIMYUE OT XOPOIIO
n3ydyeHHoro HatTuBHoro 6enka HpCATI.

Llenr paboTBl — CpaBHEHHME OMOXUMHUYECKUX
CBOICTB HAaTUBHOM M peKOMOMHAHTHOM KaTaia3bl U3
H. polymorpha. Ien xatanaszsl HpCAT 1 6611 KITOHUPO-
BaH 1 JIMTUPOBAaH B 9KCIIPECCUPYIOIINI BEKTOP C BbI-
COKOM cTerieHblo cekpenueii P. pastoris GS115. Pe-
KOMOMHAHTHBII OeJTOK ObLI 9KCIIPeCCUPOBaH B hop-
Me His-tag Oenka.

METOAUKA

MukpoOHble ITAMMBI, ILIA3MHIBI M PEATEHTHI.
BaktepuanbHbiii wramMm Escherichia coli JIM 109, nc-
[MOJIb30BAHHBIN [UISI CO3MAHMSI BEKTOpA, MOJIYyYEH Y
“Promega” (CIIA). Illtamm H. polymorpha c Bbico-
KoM KatajasHoi akTuBHOCTBI0O ATCC Ne 26012 xpa-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Huiicsa B LlenTpanpHoil nadoparopnn buortexHomo-
THUYECKOTr0 HayYHO-MCCJIeIOBATEIbCKIUIT WHCTUTYTA
(ITanxaii). Bekrop knonupoBanusi pGEM-T, Pfu
Taq AHK-nmomumepaswsl, JHK-muraser T4, n pe-
ctpukTadbl TipuobpereHbl B “TaKala” (Kwurait).
ITamm P. pastoris GS115 (his4) u nnazmuna pPICIK
nonaydyeHbl Ha ¢upme “Invitrogen” (CIIA). Kaccera
G418 6b11a 3aka3aHa y upmbl “Sigma” (CIIIA). Bee
OCTaJIbHbIC P€arc¢HThI 6bIJ'll/I aHaJIMTUYECKOI YUCTOTHI.

IIITP-aMmmimdukanuss ¥ CeKBEeHMPOBAHHE TIeHa
karajaasbl. Mcronnsys reHomuyto JIHK H. polymorpha
B Ka4yeCcTBe MaTPpUIIbl, 2 BHEITHMX ITpaliMepa (mpaiimep 1:
5'CTCGAGAAAAGATCCAACCCACCTGTTTTCAC
TAC3 nmpaiimep 2: SSAGCGGCCGCTTAGATCT-
TGGATGGAGAAGAAGCCTTTCTCTTAA-GCT-
CCTG?3') 0bLJIM CKOHCTPYUPOBAHBI TAKMM 00pa3oM,
9TOOBI CKOIMMPOBATh MOJHBIN T'eH KaTanassl (Gen-
Bank HoMmep: X56501.1) 6e3 mocienoBaTeIbHOCTH,
Komupywoiieil curHaidbHbI mentun. CalTel pe-
ctpukuuu Xho 1 and Not Ob11M BKIIIOYEHBI B IIpaii-
Mephl 1 1 2 coorBeTcTBEeHHO. 6*His-tag — Mmomudu-
Kanns OpUta BKIodeHa B C-koHen Katanasbl. [1LP
IpoBOMIN B 50 MKJI peakKIIMOHHOM CMECH C MCITOIb-
30BaHMEM Pfu-monumepasbl IpU CIEAYIOIIX YCIO-
BUSIX: HaYaIbHas AeHaTypauus 5 MyuH nipu 95°C, 3a-
teM 30 umkios: 30 ¢ mpu 95°C, 60 ¢ nipu 54°C, u
1 muH npu 72°C, a 3aTeM 3aKJIIOUYMTENbHAs DJIOHTa-
nus B Tedenue 10 muH npu 72°C. AMImbuLmupo-
BaHHBIN MPOAYKT ObLI KIIOHMpOBaH B BekTop pGEM-T
M IIPOBEPEH ¢ MoMoIIbio cekBeHupoBaHusa JJHK.

Ne 5
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Koncrpykuusi BekTopa, TpaHchopMamuss ¥ CKpH-
HUHT. DKCITPECCUOHHBIN BeKTOp pYM3165 ObUT CKOH-
ctpyupoBaH B P. pastoris GS115 (puc. 1) BBeneHUEM
reHa Katajasbl B MOAUMDUIIMPOBAHHYIO TIJIa3MUIYy
pPICIK, B koTOpOIi caiiT pectpukunu Xho 1 B Kacce-
Te G418 OBLI yHajieH ¢ TIOMOIIBIO cCalT-HaIlpaBJIeH-
Horo mytareHe3a. [TnazmMuaa pYM3165 (2 MKT) GbI1a
JIMHeapn30BaHa pacIleTyieHrueM ¢ TToMoIIbo Sal 1 n
3aTeM TpaHC(OPMUPOBAHA B KOMIIETEHTHBIC KJIETKU
P. pastoris MeTOIOM 3JIEKTPOTNIOPAIINU C UCITOJbh30Ba-
HueMm “Bio-Rad genepulser” (CIIIA) nipu 1750 Bt B
kioBeTe 0.2 cMm. Cpasy 1mociie 3JIEKTPOnopaliii B KIO-
BeTy ObLI no0asieH 1.0 M pacTBopa neastHoro 1.0 M
copbutona. KyieTky BbiceBaju B YalllKU C CEJIEKTUB-
HOM cpenoii, comepxaiueint 1.34% a30THO-IPOXKKE-
Boii arapa (YNB) 6e3 amuHokucior (0.8 M copou-
TOJ1, 5% rmoko3s! u 2% arapa). Kitetku nHKyGHpoBa-
mu npu 28°C B teyeHue 3 cyT. TpaHchopmaHTHI,
KOTOpPBIE BHIPOCIIM Ha Yalllkax ObUIM TIepeHEeCeHBI U
paccestHBI IITPUXaMHU Ha Yalnkax co cpeaoii MM (%:
YNB — 1.34, 6uotun — 0.000004, rimroko3a — 2.0,
arap — 2.0) u cpenoit MD (%: YNB — 1.34, 6M0oTUH —
0.000004, metanon — 0.5, arap — 2.0). ITocne nHKY-
6anuu npu 28°C B TeueHUEe 2 CyT, ObUTA OTOOpaHBI
KOJIOHUM, KOTOPBIE€ BBIPOCN Ha cpeae M D, Ho Ton-
HOCTBIO OTCYTCTBOBAJIM Ha cpeae MM.

DKcnpeccus M BbieIeHne oenka. OmarH 13 0ToOpaH-
HBIX KJIOHOB MHKYyOupoBanu B cpene BMGY, conepxa-
et (%): apoxckeBoii akcTpakT — 1.0, menron — 2.0,
YNB — 1.34, 6uotun — 0.000004, mmunepnH — 1.0; mpn
28°C B TeueHMe 48 4 TIpU MOCTOSTHHOM BCTPSIXMBAHUU
(220 06./MuH). 3aTeM KJIETKU OTAESIN LIEHTpUGYyTH-
poBanuem 1ipu 3000 g 3 MyH, IBa pa3a MPOMbBIBAJI CTe-
PWJIBHOM BOOOU U PEeCYCIIEHIUPOBAIU B Cpelie, COAEP-
Kamein (%): npoxoKkeBoil aKcTpakT — 1.0, menToH —
2.0, YNB — 1.34, onotux — 0.000004, metanon — 0.5
(BMMY) u nHKyOrpoBaiu B TeueHue 3 cyT rpu 28°C
i1 6uocuHTe3a Karajiasbl. B cymepHatanT (1.0 1)
KYJIBTYpBI A06aBIsIN cyiibdar ammonus 10 80% Ha-
CBILLIEHUS IJIs1 OCAXKACHUSI peKOMOMHAHTHOIO OeKa.
IlomyyeHHEBIIT OCamoOK PECYCIIEHAMPOBAIM B 15 MiI
cpeasl BMMY, npurorosiieHHOIT 0e3 moOaBiIeHUS
0.5% meTaHONa, 1 0GeCcCOMMBAIN Ha KOJIOHKE C Ce-
dagekcom G-15. Kononka Ni-NTA nst abhpuHHOM
xpoMaTorpaduu u3 komruiekra HisTrap HP (“Amer-
sham Biosciences”, CIIIA) Obl1a mepen 3KCIEpU-
MEHTOM ITPOMBITA 5 MJI TUCTUJUIMPOBAHHOI BOJIHI, 3a-
TeM uepe3 KOJIOHKY TMpoITycKaiu 5 mi Oydepa s Ha-
HeceHus (20 MM docdaTHbIil 6ydep, 500 MM NaCl,
20 MM umunaszon, pH 7.4—7.6). Ilocne sToro yepes
KOJIOHKY OBIJTO TIPOITYIISHO 5 M1 Oydepa JJ1sT TIPOMBI-
BaHus (20 MM ¢docdathsblil Oydepa, 500 MM NaCl u
500 MM umunaszon, pH 7.4—7.6) 1 KOJIOHKY ypaBHO-
BelIMBaIM 5 MJ Oydepa s HaHeceHUs. PacTBop
depmenTa (15 M) HAHOCUJIM Ha KOJIOHKY C ITOMO-
IIbIO ILITIPHUIIA, IIPOMBIBAIN Oy(epoM sl CBSI3bIBA-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

TAH u np.

Hug (10 mur), mociie yero GeJIOK cMBIBajIu OyhepoM
IS 3II0MPOBaHMS (4 MJT) B COOTBETCTBUU C UHCTPYK-
e nmpousBoauTess. [ToxydyeHHbIE MOCE IIOUPO-
BaHUS (PpaKlMU COOMpPaAIU U TECTUPOBAIN METOIOM
anekrpodopesa B [TAAT ¢ Na-IC.

AHam3 0eJIKa M cTeNneHn NIMKO3uIMpoBanus. be-
KM U3 3KCTpakTa P. pastoris aHaIU3UPOBAIU METOJOM
anekTpodopesa B [TAAT ¢ Na-I1C ¢ ucroyib30BaHU-
eM 12%-Horo pasmessioliero rejisi B CUCTeME mini-
protein renb-anmekTpodopeza (“Bio-Rad”, CIIIA).
Pasnenennble mtonockl 6enka okpammsaii 0.2%-HbIM
pacTBOPOM KyMaccy OpuUIMaHTOBbIM cUHUM R-250.

KoHueHTpanumo 0enka omnpeaeasiii II0 MeTOIY
Bbpandopa ¢ ucnonbzoBaHWEM ObIYLETO CHIBOPOTOU-
HOTo ajb0yMMHa [JIi MOCTPOEHMST KaTuOpPOBOUHOM
KpuBoii [27]. JernmMko3uaupoBaHUE PEKOMOWHAHT-
HOI KaTaja3bl ObLIO MPOBEACHO C MCMOJIb30BaHUEM
koMmriekTa N-glycosidase F Deglycosylation Kit
(“Roche”, IepmaHust) B COOTBETCTBUM C MHCTPYKIIUEIA
usrotoBureisi. [locne mpoBeaeHUs NETIMKO3UINPO-
BaHUs TIOJIYYEHHYIO KaTajazy aHAIM3UPOBaId METO-
oM anekTpodopesa B ITAAT ¢ Na-J1J1C.

OnpeneneHne aKTUBHOCTH KaTajia3bl. AKTUBHOCTD
KaTajazbl U3MEpSIIU CHeKTPOo(hOTOMETPUUECKHU, Pe-
ructpupys cHuxeHue OD,y), B pe3yabrare pacuiern-
nenust H,O, Ha cniekTpodoTomeTpe Tecan i-control
(IOseitapus). KoaddulineHT 3KCTUHKIMU € JJIsd
H,0, nipu 240 uwm 66Ut ipussT 43.6 M~ cm~!. Peak-
LIMOHHAsi CMECh ISl CTAaHAAPTHOTO aHaIu3a CONep-
xkaina 1.98 MM H,0, B hochaTHo-11uTpaTHOM Oyhepe
MakHWnbBana (100 MM JuMoOHHasi KUCJOTa,
Na,HPO,, pH 2.6). AHanu3upyemMbie cMeCU MHKYOU-
poBaiu nipu 30°C B TeueHue 10 MUH Iocjie MHULIMA-
OUAN peaknonu mobasieHreM 50 MKJI OYUIIIEHHOTO
depMmeHTa. 3a eTMHUIY aKTUBHOCTHU (hepMEHTA IIPU-
HUMau konndyectso Mkmoib H,0,, npeBpalieHHbIX
3a 1 MUH.

HUccnenoanue cCBOWCTB PEKOMOMHAHTHOIO O€JIKA.
Biusaue temriepatypel 1 pH Ha akTUBHOCTBH (bep-
MEHTa, TepMOCTaOWJIBLHOCTh, pPH-CTaOUIBHOCTD,
BiusHue H,0,, a Takxke MOHOB METa/UIOB U IPYTUX
XUMHWYECKHMX BEIIECTB HAa aKTHUBHOCTh KaTajia3bl
onpeaelIsuIv 10 MeTOAuKe, onncaHHoi paHee [30] ¢
HEOOJILIIMMHU MOAN(DUKAILIUSIMU.

OnTUMAaIbHYIO IS TIPOSIBJIEHUSI aKTUBHOCTH TEM-
nepatypy ucciienoBanu B uaTepnaie 30—80°C c mmarom
5°C. HUccnenoBaHue TEpMOCTAOMIBHOCTU ObLIO MPO-
BeJIEHO ITyTeM MHKYOAlUU aTuKBOT epMeHTa B ¢oc-
daTHO-LIMTpaTHOM Gydepe (pH 2.6) pu 40, 50 u 60°C.
I1pobn1 hepMeHTa OTOMpPaM B pa3HOE BpeMsI, aKTHB-
HOCTb (hbepMeHTa ornpeaensiv B peakuuu ¢ H,O, 1o
MeTOoJMKe, ONMcaHHo Bbiliie. BnusiHue pH Ha akTUB-
HOCTb KaTajasbl ucciaenoBaiv B (ocdaTHO-1IUTpaT-
HoM Oydepe B nuanaszoHe pH ot 2.2 no 3.4. pH-cra-
Ne 5
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Crannsa O6beM, OO6mmmit Oo6masg YieabHast CreneHpb
aKTUBHOCTH, |BbIxon, %
OYUCTKU MJT 0eJIOK, MT |aKTUBHOCTbD, €]I. OYUCTKU
ell./MT
CyriepHaTaHT 1000 255.81 102508 401 100 1.0
Ocaxnenne (NH,),SO, 15 0.93 6108 6568 6.0 16.4
Ni-NTA adbdbunHas xpomaTorpadust 4 0.22 5343 24287 5.2 60.6

OWIBLHOCTH (hepMEeHTa OIpeNessiiu, PErUCTPUPYS pac-
merienue H,O, B 6ydepHom pactBope (tipu pH 2.6)
Tocjie TIpeIBapyUTEIbHON WHKYOAIIMM WCCIIeMyeMO
aJIMKBOTHI KaTajasbl mpu pa3muaHbix pH 1 4°C B Teue-
Hue 24 4.

Bausinne nonos MmerauioB. @epMeHT BhIASPKUBA-
u B 50 MM BTA B Teuenue 30 muH npu 4°C niepen,
HaHeCeHMeM Ha KOJIOHKY ¢ cedanekcom G-15. Dep-
MEHT, 2JIIOUPOBAHHBIN C KOJOHKHW, TECTUPOBAIU B
oydepe (pH 2.6), conepxamem 1.98 MM H,O, B ipu-
CYTCTBUU WJIU OTCYTCTBUU UOHOB MeTalioB (CrCls,
MnSO,, FeSO,, CaCl,, Pb(NO;),, MgSO,, HgCl,,
CuSO,, ZnSO,, Cd(NO;),, FeCl;, CoCl;, AlCl;, u
KCI) B xoHueHTpanuu 1.0 MM.

BozneiicTBue XxMMHUUYeCKMX BellleCcTB Ha (DePMEHT
uccieaoBaiu, ucrnoynsdys H,O, kak cyocTpar B Oyde-
pe, B cOCTaB KOTOPOTO BXOAUJIU UCCIEeTyeMble XUMMU-
yecKkue peareHThl. Tak, Hampumep, MCIOJb30BaIU
oydep ¢ comepxkanuem 1.0 MM oprannmyeckux pac-
TBOpUTeNeit (95% sTaHoI-xJ10pO(OPM B COOTHOIIIE-
Huu 5 : 3), 0.01 MM NH,OH, 0.01 MM NaN;, wiu
0.01 MM KCN, 10% Na-IJC niu 10 MM DTA. Co-
OTBETCTBYIOILLIME KOHCTaHTbl Muxasnuca-MeHTeH
s H,O, Ob1u onipenesieHbl MmeTogoM JlanHyBepa-
bepka. CkopocTh peakiiuy U3MepsUIid B OydepHOM
pactBope (pH 2.6) npu 45°C B Teuenue 10 MUH ¢ UC-
MOJIb30BaHUEM JMAMa30HOB KOHIEHTpaluu Cyo-
crpara 0—0.7 MM ¢ 6 TTOBTOPHOCTSIMU [IJIsI KaXKI0I'0
n3MepeHus. Bce aKCIiepuMeHThI CTaBWIINCH B 6 TT0-
BTOPHOCTSIX, JJI1 KaXKJ0T0 PACCUMThIBAIM CTaHIApT-
HOE OTKJIOHEHUE.

PE3VYJIBTATbBI 1 UX OBCYXIEHUE

KnonupoBaHue reHa Karaja3bl 1 KOHCTPYKIMS 9KC-
npeccupylomniero Bekropa. Yacte JIHK, cooTBeTCTBY-
mas reny HpCAT1 6e3 yacTu mocjieaoBaTe/IbHOCTH,
COOTBETCTBYIIIEH CUTHAILHOMY TEMNeTUIy, Oblia aM-
mdumpoBaHa ¢ iomouibio [P n knoHupoBaHa
B BekTop pGEM-T. Tpu KojsloHUM, conepxkaliue pe-
koMmOuHaHTHYI0 JJHK, Obl1n BBIOpaHBI CIydaiiHBIM

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

obpa3oM U TIpoBeAeHO cekBeHHpoBaHue ux JIHK.
JHK ¢ BeIBepeHHOI1 MTOCJIeA0BATEIbHOCTIO JIMTUPO-
BalM B PEKOHCTPYUMPOBAHHBINA SKCIPECCUOHHBIN
BekTop (puc. 1), B Kotopom caiit Xho 1 B kaccere
G418 ObUI yoaJieH ¢ IIOMOIIb CalT-HAaIIpaBJIEHHOTO
MyTareHe3a Iocjie IPOBeACHMS PECTPUKIIMY I10 Caii-
TaM Xho 1 u Not 1. ITocnenoBaTeIbHOCTh CUTHAJILHO-
ro nientuaa HpCAT1 Gblia KIIOHUPOBaHA B 3TOT K€
BEKTOD TaK, YTOOBI ITIOCIEI0BATEIbHOCTh HAXOAMJIACh
noa KoHTpoJjieM rmpoMoTopa AOX1.

DKcnpeccus ¥ 0YMCTKA Karajasbl. [locie cexkBe-
HupoBaHusi JJHK pekoMOMHaHTHBIA BEKTOp OBLI
0003HaYeH Kak pYM3165 u 6611 TpaHCHOPMUPOBAH
B mtaMM P. pastoris GS115 MeTomom aieKTporopa-
nuu. [Tocne 3-cyTogHOro BhIpaliBaHMsI OBLIO ITOJIY-
yeHo oKoJio 500 KJIOHOB, U3 KOTOPbIX HECKOJIBKO ObI-
JIO 0TOOpaHO ISl UHAYKUMUY KaTana3bl. [IpucyTcTBue
HpCAT1 mnocnenosarenbHocT B reHomHout JIHK,
BbIICJICHHOIT M3 TpaHcgopMaHTOB P. pastoris, ObLIO
noareepxaeHo ¢ momotiisto [T P. CynepHataHT Kyib-
Typbl OJHOTO U3 KJIOHOB 00J1aJiajl BHICOKOW KaTayias3-
HOI aKTMBHOCTBIO. DTOT KJIOH OB BBIOpaH sl
JajibHeNIux ucciaeaoBanuii. CTaiuu OYMCTKU pe-

xla M 1 2
97.2 — —

66.4 - =

29.0 = e

20.1 — —

Puc. 2. Dnekrpodope3 B [TAAI ¢ Na-[AJIC pekombu-
HAHTHOW KaTanasbl, BeieeHHOM P. pastorsis GS115. M —
MOJIEKYJISIDHBIE MapKephl; / — ounIlieHHas Kartajiasa; 2 —
EeNIMKO3UIMPOBaHHAasI KaTajias3a.
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Puc. 4. Brusinue pH Ha akTuBHOCTb peKOMOMHAHTHBIH KaTanasbl P. pastoris GS115. a — pH-ontumym, 6 — pH-cTaGuiabHOCTb.

KOMOMHaAHTHOM KaTajia3bl U3 CyliepHaTaHTa KyJIbTy-
pol P. pastoris GS115 npuBeneHsbl B Tabaulie. PekoM-
OMHaHTHBIN 6enoK ocaxnanu (NH,),SO,, nonydyeHbIi
0ocamoK 00eccoMBali Ha KOJTOHKe ¢ cedpagekcoM G-15,
MOCJIe Yero aKTUBHbIE (hpaKLIM HAHOCWIM Ha KOJIOH-
Ky Ni-NTA ma mpoBeneHust ah(UHHO XpoMaTorpa-
¢un. Pesynasrar ouncTku — 60-KpaTHast OUMCTKA TIpe-
rmaparTa KaTajasbl, BbIXOI cocTaBua 5.2%. OuuileH-
HBII (epMeHT oOJlanaal BBICOKOUW  yOeJIbHOU
aKTUBHOCTBIO 0KoJ10 25000 ea./Mr Mpu UCMOIb30Ba-
Huu H,O, B KauecTBe cybcTpata. MoJiekynasipHas
Macca HerJIMKo3mIMpoBaHHOM Kartanasskl HpCAT1
Obuta onpeneneHa ¢ nmomoinsio [TAAT ¢ Na-A/C,
OKpallliBaHHUe MPOBOAMIN KyMacCu OpUIMaHTOBOM
cuanM R-250. MonekynspHast Macca KaTajas3bl CO-
craBmia ~46 kJla. ITociie 06paboTKu pepMeHTa DH-
noriavko3uaaszoii H B reie (puc. 2, BTopasi 1OpoOXKa)
ObL1a OOHapyXeHa I10JI0Ca, COOTBETCTBYIOIIAST OENIKY
MeHbIIIero pasMepa (45 klla), 94To Io3BOJISIET OTHECTU
HpCAT1 k mukonporenHaM ¢ 3.7% DIMKO3UIMpoBa-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Hus. CorytacHo aHanu3y cepBepa NetNGlyc 1.0 kara-
Ja3za nMeeT | N-INTMKO3MIMPOBaHHBIN CaliT B TOCIIEI0-
BaTeJIbHOCTU (Mo3ulivsi Asn95). DTOT pacueT NMoATBep-
JIWJICSI, OOHAKO cTeneHb mmKosvwnmpoBaHust HpCAT1
oKaszajiach He3HAYUTEIbHOIA.

TepMOYYBCTBUTEJILHOCTb H TEPMOCTAOUIILHOCTD pe-
KOMOMHAHTHO#M Karaja3bl. bbliu nccienoBaHbl OUO-
XUMUWYECKUE CBOMCTBA OUYMILEHHON KaTajia3bl. AK-
THUBHOCTbH KaTajia3bl OblIa MakcUMabHOM npu 45°C
(puc. 3a), pepmeHT, HarpeThiii 10 TeMiieparypbl 40°C
coxpaHsuT B TedyeHUe 1 4 ~90% cBoeil aKTUBHOCTH.
[Mpu noBeIIeHnN Temitepatypsl 1o 60°C coxpaHs-
Jiock 6ostee 50% aktuBHOCTU (bepMeHTa (puc. 30).

Bmmsinue pH Ha akKTMBHOCTh U CTAOWJIBHOCTH pe-
KOMOMHAHTHO#M KaTajasbl. 3aBUCUMOCTb aKTUBHOCTHU
KaTajassl oT pH ObL1a M3ydyeHa B IIMPOKOM IraIia3o-
He pH ot 2.2 go 10.2 (maHHBIC HE IpeaCcTaBICHEI).
OcraTto4yHass aKTUBHOCTh HA0JIIOJAJIaCh B Y3KOM JHa-
na3zoHe pH ot 2.2 10 3.4 (puc. 4a) u He OOHapyXKMBa-
Jnock nipu pH BeIte 4.0. [Tocne nukyoanmm ¢pepmMeH-
Ne 5
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Puc. 5. [leiicTBue MOHOB MeTa/UIOB (a) U Apyrux BeliecTs (0) Ha aKTUBHOCTL Katanasbl P. pastoris GS115. 1 — KOHTpOJb, 2 —
Cd**, 3— Cr¥*, 4— Ca®t, 5— Zn?*, 6 — Fe?*, 7— Fe?*, § — Mg?*, 9— Hg?*, 10— AP, 17— Mn?", 12— Pb2*, 13— Cu?t,
14— KH, I — kontposns; I — EDTA; III — 10% Na-JJC; IV — opranndeckue pacrsopurenu , V— NH,OH; VI — NaNj;, VII —

KCN.

Ta B OyhepHOM pacTBope Tpu pa3audHbix pH B nua-
nmazoHe ot 2.2 go 10.2 npu 4°C B TeueHue 24 4
HaOJIIoIaIach ero 3HaYMTeIbHAs MHAKTUBAIIVS B IIIe-
JIOYHOM cpelle U AaXe Mociie MHKyoarmm dhepMeHTa
mpu pH 6.0 coxpaHsamock ToabKO 60% aKTMBHOCTH
(puc. 40).

BimsiHre HOHOB METAJLIOB U XMMHYECKIX BEIIECTB HA
aKTUBHOCTb PeKOMOMHAHTHO# KaTaja3sbl. [IpucyrcTBure
1.0 MM Hg?* u Cu?* B 3HaUUTENBHOI CTENEHU UHIU-
OUPOBAJIO KATAIUTUYECKYIO AaKTUBHOCTh PEKOMOM-
HaHTHOM KaTtana3bl Ha 62 1 64% cooTBeTCTBeHHO. MIH-
TEpeCHO, UYTO aKTUBHOCTb (pepMeHTa yBeJIUYMBAIACh
Ha ~60% B pactBope 1 MM Fe?* (puc. 5a). BosaeiictBue
BATA (50 MM) m 10%-noro Na-J1C mpuBoamiIo K
CHIDKEHUIO aKTUBHOCTH (hepMeHTa Ha 81 11 78% cooT-
BerctBeHHO. Bosneiicteue 0.01 MM NH,OH wmu
0.1 MM NaN; uHruo1poBago akKTUBHOCTb (pepMeHTa
Ha 25 11 27% cOOTBETCTBEHHO, OMHAKO HAUOOJIEE CUIb-
HOEe MHIMOMPOBAaHME HAOIIONAIOCh B IPUCYTCTBUU
0.01 MM KCN, BBI3BIBaIOILETO MTaJcHNE aKTUBHOCTH
depmenTa 1o 2% (puc. 56). Kak u3zBecTHO, MHOTH1E
OGeJIKM TepSIOT aKTUBHOCTh B IIPUCYTCTBUU OpPTraHU-
YeCKUX pacTBOpUTeseii. BeiaeaeHHyI0 KaTanasy uH-
KyOMpOBaaul C OPraHUYECKUMHU PACTBOPUTEISIMU B
COOTHOIIIEHNY KaTtajia3a-95%—astaHon—xiopodopm
10:5:3 (00./06.). IIpu Bo3aeiicTBUM OpraHUYECKUX
pacTBOpUTE/ICH AKTUBHOCTb (hepMEHTa YMEHbIIa-
JTack Ha 65% (puc. 50).

Biugaue konnentpamun H,0O, Ha KHHETHKY U aK-
THBHOCTh PEKOMOMHAHTHBINA KaTana3bl. BeinemeHHas
Karajaza mnpu wucroib3oBannum H,0, B KadecTBe
cybctpaTta ObLia KpaitHe HecTabuiabHOU. Ilpu mo-
CTUXXEHUM KOoHUeHTpauuu H,0, 20 MM Habmoga-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

JJach WHaKTWBalmsl depmeHTta (puc. 6). 3aBucH-
MocTb ckopoctu pacuerienuss H,O, HpCAT1 or
KOHIeHTpauuu cyocrpara ripu pH 2.6 u 45°C nion-
JyrHsUIach KuHeTnKe Muxasnuca-MenrteH. [paduk,
TMTOCTPOCHHBIM B OOpPATHBIX KOOPIMHATAX, ITO3BOJIMII
OIpenenTh, YTO 3HaUeHue kaxyueiics K, 0.95 MM, a
Viaxe ~25000 en./Mr Genka.

B Hacrosiiee BpeMsi TIpOBEIEH DS MCClIeaoBa-
HuUii KaTtanasel u3 H. polymorpha [20—22, 28—30].
HpCAT1 BriepBbic ObLIa BhIAEICHA M3 OTASICHHOTO
OT KJIETOK 9KcTpakTa H. polymorpha ¢ noMonipio Xxpo-
marorpadpuu Ha JDAD-memmono3e [30]. B npucyr-
cteun H,O, dpepMeHT ObUI CITOCOOEH OKUCISTh METa-
HoJI, hopmanbaerun 1 popmuat. B 1991 r. 6610 MO-
kazaHo uyro HpCAT1 yyactByeT B MeTaboamM3Me
MeTaHoJa, OJHAKO ero IPUCYTBUE HEO00s3aTeIbHO

—_
o
o

Relative activity, %

O 1 1 |
0 20 40 60
H202, MM

80 100

Puc. 6. Biuanue konuenrpauuu H,O, Ha aKTMBHOCTbL
Kkaranasbl P. pastoris GS115.
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IS MeTaboamn3Ma yIJIEPOIHBIX CYOCTpPaTOB C OOJIb-
MM KOJIMYECTBOM YIVIEpPOOHEIX aToMOB [28]. briia
BhIZie/IcHa HaTUBHAs KaTaiaza us H. polymorpha, nc-
ciaenoBaHbl HeKOTopkhle ee cBolicTBa [20]. ITocaeno-
BarenbHOCTb JIHK HpCAT] BriepBble KJIIOHUPOBAJIU
U cekBeHupoBaiu B 1992 1. [21, 22]. B 1998 1. O6bu10
moKa3aHo, 4To MyTaHT H. polymorpha, He nMeIOIINIA
MEPOKCUCOMAaJIbHOW KaTajasbl, HE CIIOCOOEH pacTu
Ha MeTaHoJIe B KaueCTBE €IMHCTBEHHOTO UCTOUHMKA
yriiepoaa v aHepruu [29]. DTOT pe3yabraT rokKasal,
yto HpCAT1 urpaet KJIroueBy1o poJib B MeTabOIN3MeE
H. polymorpha.

IIpoBeneHHOe paHee BbBIICJICHUE HATUBHOMI
HpCAT1 nmoka3zano, 94To O4MCTKA 3TOro OejiKa Tpe-
OyeT CTpPOroro COOJIIOASHUS ONpedeICHHBIX YCI0-
BUI1, TTOCKOJIBKY HECTaOUJIBbHOCTh (DePMEHTA Orpa-
HUYMBaJla JaJbHEUIIWN aHAJIU3 ero OMOXUMUUE-
ckux cBoucTtB [20]. PexoMOWMHaHTHBIN OeloOK
HpCAT1, Beinenennsiit u3 P. pastories GS115, O0b11
3HAYUTEIbHO CTA0MJIbHEE U KOJIMYECTBO OeIKa Obl-
JIO JOCTAaTOYHBIM JJISI WUCCIENOBAaHUS €r0 CBOMCTB.
Hacrosiimass pabota — 3TO TepBas MyOJuKalus,
MOCBsIIeHHas: (pepMEeHTAaTUBHBIM CBOMCTBaM pe-
KOMOMHAHTHOTO cekpeTtupyemoro oenrka HpCAT .
OO0OHapyXeHO HECKOJIbKO YHUKAaJIbHBIX OCOOCHHO-
CTEell peKOMOMHAHTHOIO (DEpMEHTA.

B npucyrctBuu H,0, B KauecTBe cyOcTpara ak-
TUBHOCTh HaTuBHOTO Oenka HpCAT1 TectupoBanu
MPpY HU3KHUX TeMIlepaTypax U3-3a ero HeCcTaOMIbHO-
ctn. PekomomaHanTeIl 0en1ok HpCAT1 Ob11 6ostee
CTaOMJIBHBIM, MMEJ TEMITepaTypHbIii onTUMyM 45°C,
ObIJT OTHOCUTEJILHO CTA0WUJIbHBIM IMPU BBICOKOM TEM-
neparype, nocjie nHKyoauuu rpu 60°C B Teuenue 1 9
coxpaHsuiock 6osnee 50% aktuBHocTH. [ Kartayias
U3 JIPYTUX BUAOB TEMIEPATYPHbII ONTUMYM OOBIYHO
Habmogaercsa B untepsaiie 40—60°C [10]. Beuio mo-
Ka3aHO, YTO aKTMBHOCTb KaTajaa3bl TepMO(MUJLIOB
MOXET B 3HAUYUTEIbHOI CTeNeHU 3aBUCETh OT TeMIIE-
paTyphbl U IIpU 3TOM (hepMEHT MOXET ob1agaTh 3Ha-
YUTEJIBHOM TEPMOCTA0OMIBHOCTHIO. TeMIlepaTypHBIit
ONTUMYM (pepMeHTa U3 TUNEPTEPMODUIILHBIX apXeu
Archaeoglobus fulgidus nocturan 70°C [30]. Cra-
OMJIBHOCTH KaTajia3, B OCOOEHHOCTU TEPMOCTAOUIIb-
HOCTb, aBTOPHBI paboThI [31] 0OBICHSIOT onipenaeaeH-
HOI CTpyKTypoil ¢depmeHTa. HaTuBHBII OeJlok
HpCAT1 umen pH-ontuMyMm B IMAPOKOM AMarra3a-
He pH 5.8—8.5, B To BpeMsi KaK peKOMOMHAHTAasI KaTa-
Jlaza uMeJia BBICOKYIO aKTUBHOCTb B Y3KOM MHTEpBaje
pH 2.2—-3.0. IIpuBeneHHbIE pe3yILTaThl COIVIACYIOTCS C
JaHHBIMU, MOJYYEHHBIMU IJi1 (pOTOTPOGHBIX OaKTe-
puit Rhodopseudomonas capsulata, MeIOIIX TakXke
Oosiee y3KMIi TMana3oH ONTUMAaIbHBIX 3HaUeHuit pH
g gevicteust pepmenTa 6.0—6.5 [32]. OmHako, y3-
kuii pH-ontumym n Huskass pH-crabuiabHOCTH pe-
KoMOuHaHTHOTO Oenka HpCAT1 mpensTCTBYIOT €ro
MPOMBIIIJIEHHOMY BHelpeHuto. Takue cBOWCTBa He

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

XapakTepHbl 11 MOHO(YHKIMOHAJIBHBIX KaTauas,
KOTOpBIE KaK MPaBUJIO UMEIOT IIUPOKUit onTuMyM pH
u TepMocTtabusibHocTu [14, 33]. Tem He MeHee, CBOi-
cTBa (hbepMeHTa MOTYT OBITh YIYUIIEHBI in Vitro, €Clv
MCITOJIb30BaTh CTPATETMIO HAMpaBJICHHOM 3BOJIIO-
1y, IpeaycMarpuBalonieil nepectaHoBku B JTHK.
Takoii moaxo/ GBI paHee UCITOJIb30BaH B Halllei Jia-
6opaTopur IS YBEIWYEHUSI TEPMOCTAOMIILHOCTU
B-rmokyponunassl [34]. MHTEpecHO, UTO peKoMOU-
HaHTHas KaTayiaza u3 H. polymorpha obnanana 3HauYM-
TEJIbHOI TepMOCTAOMIIBHOCTBIO, OJHAKO €€ AaKTUB-
HOCTb B 3HAYMTEILHOM CTETIEHU 3aBHCEsIa OT TeMIlepa-
Typbl. [IpUUUHEBI 3TOTO SIBJIEHUSI MOTYT OBbITh CBSI3aHbI C
HEOOXOMMMOCTBIO BEDKUBaHust H. polymorpha B oKpy-
Xamwlei cpene. B manpHelinneM ocoOeHHOCTH dep-
MEHTa HEOoOXOOMMO MCCIeNOoBaTh C IIPOBEACHUEM
CTPYKTYypHO-PYHKIIMOHabHOTO aHanmm3a HpCAT .

Pesynbrarel BIUSHYS NOHOB METAJJIOB HA aKTHB-
HocTb pekomOuHanTHOoro HpCAT 1 u3 H. polymorpha
nokazaiau, yro 1.0 mm Hg?* u Cu?* uHrubuposanu
aKTUBHOCTH O€JIKa, B TO BpeMs KaK B MPUCYTCTBUH
1.0 MM Fe?* akTUBHOCTb 6€JIKa yBeJryuBaiach. s
KaTaja3bl u3 Pseudomonas aeruginosa ObLI0 MOKa3a-
HO, 4TO noHbI Fe’t, a He Fe?* 3HaunTeIbHO yBEINYM-
BaJIM DKCIIPECCUIO U TIOBBLIIIAJM aKTUBHOCTH [35].
Bangane KCN Ha akTUBHOCTh PEKOMOMHAHTHOM Ka-
TaJ1a3bl OBIJIO TAKUM K€, KaK 1 Ha HaTUBHYIO KaTajia-
3y, BiusiHue NalN; Ha aKTUBHOCTh PEKOMOWMHAHTHOM
KaTajia3bl ObUIO 3HAUUTEBbHO cjlabee 10 CPaBHEHUIO
C BIMSIHUEM Ha aKTUBHOCTb HAaTUBHOro ¢epMeHTa
[20]. PexomOuHaHTHas KaTtajaza H. polymorpha ObI-
J1a 6osee ycroiumBa K aeiictBuio NaN;, ITo cpaBHe-
HUIO C HAaTUBHBIM (hepMEHTOM.

IMomydyeHHBIT pEeKOMOWHAHTHBIN (EPMEHT OBLT
Oosiee yyBCTBUTENEH K Bo3aeiicTeuo H,O,, no cpas-
HEHMIO C UCXOIHBIM OesikoM [20]. @epMeHTHI U3 0ak-
tepuii Micrococcus luteus i Vibrio rumoiensis TiposiB-
JISITA MaKCUMaJIbHYIO0 CTaOMJIBHOCTb B MPUCYTCBUU
H,0, B xoHueHtpauusix 80 MM u 70 MM [10] coort-
BETCTBEHHO, a KaTtanas3bl u3 Esherichia coli n Rhodo-
bacter capsulata ObLIN CIIOCOOHBI K pPaCIIEIICHUIO
2.0 MM H,0, B TeueHue 20—30 MUH c coOXpaHEHHEM
npu 3ToM ToabKo 50% cBoeit akTuBHOCTH [32]. XOoTs
pexkoMOuHaHTHBI 6e1oKk HpCAT1 u3 H. polymorpha
He SIBJISIETCS] cCaMbIM YyBCTBUTEJIbHBIM K H,0,, TEM He
MEHee 3TO CBOMCTBO MOXET ObITh CEPbEe3HBIM Ipe-
MSTCTBUEM JIJIs1 €r0 MTPOMBIIIJIEHHOTO BHEAPEHUS U B
3HAUWTEJILHON CTEMeHu OrpaHWYuBaeT JuUaria3oH
npuMeHeHUs1 pepmeHTa. HeobxonumMel naabHeime
WUCC/IeIOBAaHUS [JIS1 BBISICHEHUSI MEXaHU3MOB TaKOW
YyBCTBUTEIBLHOCTHU K cyocTpaTty H,0,.

B 3akitoueHue ciaeayeT OoTMETUTD, YTO MbI IPOBe-
Ju KioHupoBaHue u sKcrpeccuto HpCATI1 ¢ wuc-
MOJIb30BAaHUEM 3KITpeccupyloneit cuctemol P. pas-
toris GS115. PekomOuHaHTHAs KaTajia3a TEPMOCTOM -
Ne 5
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Kux npoxckeit H. polymorpha 6b11a 6osee ctabuibHA
U obsiafana JydliuMu TepMOAMHAMUYECKUMU CBOM-
CTBaMU T10 CpaBHEHUIO C HATUBHOM KaTanasoi. Kpo-
Me TOTO, Mpolieaypa OYMCTKU Oesika Obliaa IMpolle 1
ylelbHasi aKTUBHOCTb PEKOMOMHAHTHOI KaTayiasbl
(24 287 en./mMr) ObL1a BbIIIE, YeM Y HATUBHOTO (ep-
MeHTa (215.6 en./mr). HecMoTpst Ha HEKOTOpPEIE He-
XKejaTeJbHble OCOOEHHOCTU peKOMOMHAHTHOI KaTa-
J1a3bl, TaKMe Kak y3kuit ontumyM pH, Hu3kast pH-cra-
OWJIBHOCTB U BBICOKAS YyBCTBUTEIBbHOCTb K H,0,, OHr
MOTYT MOXET ObITb YJIy4llleHbl MyTEM T€HETUYECKUX
MaHUIYJISILIA, TaK KaK Katajnasa u3 H. polymorpha —
3¢ deKkTuBHBIIT (epMEHT, KOTOpPBIil, IO-BUAVMOMY,
oIpeaessieT CIIOCOOHOCTb OpraHu3Ma K BbKMBAHMIO.
DepMeHT HECOMHEHHO TIPEACTaBJISIET MHTEpeC ISt
dapmalieBTUYECKOW TTPOMBIIIUIEHHOCTH U APYTUX OT-
pacien.

PabGorta BeIomHeHA TIpu nToaaepkKe poHma “Kiro-
yeBble TpoeKThl [IlaHxalicKoro ropoickoro KoMureTa
cenbekoro xoastiictBa” (Ne 2009-6-4, No 2011-1-8) u
MexnayHapoaHoro ¢oHaa HaydHO-TEXHUYECKOIO CO-
tpymaudectBa (2010DFA62320, 11230705900); Tocy-
JapcTBeHHOro (oHaa ectecTBeHHbIX HaykK (31071486)
Kwuras.
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Y.-S. Tian, H. Xu, J. Xu, R.-H. Peng, and Q.-H. Yao

Shanghai Key Laboratory of Agricultural Genetics and Breeding, Biotechnological Research Institute,
Shanghai Academy of Agricultural Sciences, Shanghai 201106, China

e-mail: yaoquanhong_sh@yahoo.com.cn
Received September 24, 2012

Abstract—Catalase is well known to eliminate H,0, in cells and reduces the toxicity of peroxide compounds.
A catalase gene HpCatl of methylotrophic yeast Hansenula polymorpha without the part coding the native sig-
nal peptide was cloned into expression vector pYM3165 and then integrated into genome of Pichia pastoris
GS115 by electroporation. The result of the enzyme activity assay and SDS-PAGE demonstrated that the
recombinant protein (HpCAT1) of H. polymorpha was extracellularly expressed in P. pastoris. The expressed
catalase was recovered from the culture supernatant of P. pastoris GS115 and purified by (NH,4),SO, fraction-
ation and Ni-NTA affinity chromatography. The main biochemical properties of the recombinant protein
HpCAT1, such as thermodependence and thermostability, pH optimum and pH stability, as well as the effect
of metal ions and chemicals, were characterized. With H,0O, as the substrate, HpCAT 1 displayed pH and tem-

perature optima of ~2.6 and 45°C, respectively. The recombinant HpCAT1 activity was inhibited by 1 mM
Hg?* and Cu?*, but was highly enhanced by 1.0 mM Fe2*.
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CEKPELIUA ITPOTEOJIMTUNYECKNX ®PEPMEHTOB TPEMA
DOUTOITATOTEHHBIMU MUKPOOTAHU3MAMMU
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WM3yueHbl ceprHOBBIE MPOTEMHA3bI, MPOAyLIUPYeMble TpeMsi (DUTOMATOTeHHBIMU MUKPOOPTraHW3MaMM,
MpUHAIUIEXAIIMMU K pa3JIMYHBIM CeMeiicTBaM rprOOB 1 MopakalolnMu pacTeHust Kaptodes. [Toka3aHo,
qro oomutieT Phytophthora infestans (Mont.) de Bary u rpuGsl Rhizoctonia solani n Fusarium culmorum cex-
PETUPYIOT CEPUHOBBIC MPOTEMHA3bl. AHAINU3 CyOCTpaTHOM CHelM(UYHOCTU U YYBCTBUTEILHOCTHU K JIEii-
CTBUIO CUHTETUYECKUX U OEJTKOBBIX MTHTMOMTOPOB MO3BOJIMII OTHECTU UX K TPUTICUHO- U CYOTUIIU3UHOTIO-
no6HBIM pepMeHTaM. COOTHOILLIEHME TPUIICUHOMOAOOHBIX U CYyOTUIN3NHONOAOOHBIX ITPOTEHA3 3aBUCEI0
OT COCTaBa KyJBTYPaJIbHOI cpeibl, 0COOEHHO OT (DOPMBI a30THOTO MUTaHUs. DUIOTeHeTUYECKUI aHaIN3
nokaszaJ, 4To, B oTJinuue ot 6azuanomuiieta R. solani, ackomuueT F. culmorum v oomuuert P. infestans npo-
NYUMPYIOT CXOMHBIE TI0 COCTaBy 3K30IMPOTEMHA3bl, HECMOTPSI HAa TO UTO OHM SIBJISIIOTCS OoJiee JalbHUMU
POICTBEHHUKAaMU. DTO YKa3bIBaeT Ha TO, YTO CEKPELMsl CEPUHOBBIX MPOTEMHA3 Pa3InYHbIMU (UTOTIATO-
TEHHBIMU MUKPOOPTaHW3MaMM 3aBUCUT HE TOJILKO OT YCJIOBUI OKpYXKalollleil cpelbl, HO U UX (husioreHe-
TUYecKoro noyioxxeHust. [oayyeHHbIe JaHHbIE TTO3BOJISIIOT MTPEATOJNOXKUTh, UYTO 3K30MPOTEeMHA3bI (hpuTomna-
TOTEHHBIX TPUOOB UTPAIOT Pa3IMYHYIO POJIb B raToreHesde. C olHOI CTOPOHBI, OHU MOTYT CITOCOOCTBOBATh
ajanTauuy rpuba Npy yBeJIWYEHUU AMana3oHa pacTeHUI-X03s51€B, a C APYroil — BBINOJHSITh Pa3JiuyHbIe

(I)yHKI_[I/II/I IIpU €ro BbDKMBaHNU B 9KOJIOTMYECKMNX MECTax OOUTaHUSI BHE PaCTCHUA-XO34MHA.

DOI: 10.7868/50555109913050073

®duronaroreHHbIE TPUOBI 1 OOMULIECTHI SIBISIOTCS
BO30YIMTEISIMA MHOTIMX CaMBIX pPa3pylINTEILHBIX
Oosie3HEl pacTeHUi, KOTOpbIE IIPUBOAST KaxKIbIi
roJ K O4YeHb 3HAYUTEIbHBIM TOTEpPSIM YpoOxKasi BO
BceM Mupe. B HacTosiiee BpeMst onrcaHo IIpUMEPHO
100000 BMagoB TpuOOB M OOMMIIETOB, HO TOJIBKO
OUYeHb MaJjiasl YaCTh U3 HUX SIBJISIETCS MaToreHHoi [1].
Tem He MeHee (PUIIOTEHETUYECKME MCCISIOBAHUS
oKa3aau, YTo 00JIe3HETBOPHEIE ITaTOTeHBI HE 00s13a-
TEJILHO TECHO CBA3aHbI APYT ¢ ApyroM. Ha camom ne-
Jie OHU PacCIPOCTPAHEHBI BO BCEX TAKCOHOMMUYECKUX
rpynmnax rpu0oB, 4acTO ITOKa3bIBasl TECHYIO 3BOJIIO-
IMOHHYIO CBSI3b C HEIaTOTeHHBIMM BuUmamMu [2].
BecbMa BeposITHO, 4TO (DUTOMATOT€HHOCTh U3MEHSI-
Jach MHOIO pa3 B TEYCHUE SBOJIOLIMM TPUOOB U
ooMulieToB [2]. B mociaenHume roabl IIpOBOISITCS UH-
TEHCUBHBIE UCCJIETOBAHUS TEHOB, OTBETCTBEHHBIX 3a
HaTOTeHHOCTh MUKPOOpPraHM3Ma 1 €ro BHeJIpeHUEe B
pacteHne [3], KOTOpbIE OTCYTCTBYIOT y calipo(UTOB.
Tak, reHbl, KOTOpble HEOOXOIUMBI IJIsI YCHEITHOTO
3aBepIIeHMs KM3HEHHOIO 1IMKJIa ITaTOTeHOB, HO He-
00s13aTeIbHBI 7151 pocTa canpo(dUTOB, paccMaTpUBa-
IOTCSI KaK maToreHHble ¢pakTopsl [3].

bbu1o MoKa3zaHO, YTO, HECMOTPSI Ha Pa3UdyHOE
MIPOUCXOXICHUE 1 pa3Hble MOJIOXEHUsI Ha dutore-
HETUYECKOM JepeBe UCTUHHBIX TPUOOB 1 OOMUILIETOB
[4], oHM ceKpeTupyIOT psia OEJIKOB, M3BECTHBIX KakK
a(pdeKTophl, KOTOpPbIe BaxKHbI IS MH(OUIIMPOBAHUS
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pacTeHusi-xo3siuHa [2]. DTU 6eJaKU MOTyT OJIOKUPO-
BaTh 3alllUTHYIO CHUCTEMY PACTEHUS U ITOBPEKAATH
ero KJIETOYHBIE CTEHKHU, OOecIieurBasi BTOpPXKEHUE
natoreHa. OHU BKJIIOUAIOT B ce0s1 psill CEKpeTUpYye-
MBIX MOPOTEUHA3, TPAHCKPUITLUOHHBIE (aKTOPhl U
KOMITOHEHTBI KacKaja Ilepegayd CHUTHAJIOB. DK30-
MpOTenHa3bl, MPOAYLUpYeMble MUIIEJIUEM T'PUOOB,
MOTYT OCYIIECTBJISITh KaK CHAOXeHMe IaToreHa mu-
TaHUEM, TaK U UTPaTh CIIeIN(PUIECKYIO pOJib B KIle-
TOYHOM MeTabonu3Me. [eHbI, Komupyromue mpoTen-
Has3bl U TeNTUIa3bl, OOHAPYKEeHbl B T€HOMAax psiaa
(uTomaroreHoB. OHM MOTYT ONpPEACsATh MATOTeH-
HOCTb WJIU BUPYJIEHTHOCTh MUKpoopraHnusMma [3].

Bce u3BecTHbIe MpoOTeWHAa3bl B COOTBETCTBUU C
Opyupooh (YHKIIMOHAIBHBIX TPYMNIl B aKTUBHOM
LIEHTPE pacrpeeIeHbl Ha IIIECTh OCHOBHBIX KJIACCOB:
CEpUHOBbIE, LIUCTEUHOBbIE, TPDEOHUHOBbBIE, acrapTaT-
HbI€, NIyTaMaTHbIE U METALIONENTUAA3bl. DKCTpaLe-
JIIOJISIPHBIC  TIPOTEOIMTUYECKHE (PepMEeHThl T'pUOOB
MpeaCTaB/eHbl B OCHOBHOM CEpUMHOBBIMU TENTUAA3a-
MU, KOTOpbIE BKJIIOYAIOT CEMEWCTBO XUMOTPUIICMHA
(S1) u cyorunuzuHa (S8) [5]. CemelicTBo S1 BKItoUaeT
XUMOTPUIICUHBI 13 TToAceMeicTBa S1A, KOTopble pac-
MPOCTPAHEHbI B OCHOBHOM Y XKMBOTHBIX U PEXE B IPU-
6ax, U TPUTICUHBI, OOJBIITMHCTBO U3 KOTOPBIX HAlICHBI
y Tpu6oB. B psne ucciiemoBaHui ObUIO TTOKA3aHO, YTO
JUIS1 TIAaTOT€HOB PACTeHUM XapakTepHa CEKpeLns TPUIT-
CUHOIIOAOOHBIX (PepPMEHTOB, B TO BpeMsI KaK caIipo-
Ne 5
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GUTHI TPOAYIUPYIOT IMTPEUMYIISCTBEHHO CYOTHMIIN3U-
HOMOAOOHbIe (epMeHTH [6—8]. B mocnencTBuun
TOJIBKO y (pUTONIATOreHHBIX TPUOOB ObLIN OOHApYXKe-
HbI T€Hbl, KOAUPYIOIe TPUTICUHOIOIO0HbIE NTPOTe-
nHassl [9, 10].

Lenap paboThl — CpaBHUTEIbHbIN aHAJIN3 CEPUHO-
BBIX TPOTEMHA3, TPOAYLIMPYEMBIX MUIICINEM TPEX
MMAaTOTEHHBIX MUKPOOPTaHU3MOB, KOTOPbIE BBI3bIBA-
10T 3a00seBaHus Kaptodensi: Phytophthora infestans
(Mont.) de Bary, Rhizoctonia solani Kuhn u Fusarium
culmorum (W. G. Sm.) Sacc.

METOAUKA

B pabote ucnonw3oBaniu oomuuet Phytophthora
infestans (Mont.) de Bary u rpu6Gsr Rhizoctonia solani
Kuhn (AG-3) 153 u Fusarium culmorum (W. G. Sm.)
Sacc., KoTopble OBIIM JTI00S3HO MpeaocTaBaeHbl Ha-
LIMOHAJIBHBIM MPAKTUYECKHUM LIEHTPOM MO KapTode-
JIGBOJCTBY M OBOIIEBOACTBY HarmmoHabHO Akanme-
mun Hayk Pecniyonmuku benapycek. Kynasrypbl BeIpa-
IIUBAJIM Ha OBCSIHO-arapoBOli cpelie ¢ J100aBlIeHUEM
TepPMOCTAaOMIIBHBIX 0€IKOB KapTodes B TeueHue 11—
14 cytr npu komHatHo# Temrieparype (21°C). Cpenu
psiia KyJbTypaldbHbIX Cpell ObLIN BEIOpaHbI T, B KOTO-
PBIX HaAOMIOmaCI MaKCUMAJIbHBIM POCT MUKpOOpTa-
HU3MOB, CEKPETHPYIOIINX TPOTeoauThuIecKue dep-
MeHTbI. BeiOpaHbl ciaenyromue cpeabl: cpeaa I conep-
xama Ha 100 m1 KH,PO, (0.15 r), MgS0, - 7H,0,
(0.025 1), FeSO, - 7H,0, (1 mr), TuamuH (1 mr), pu-
o0odmaBuH (1 Mr) u TepMoOCTaOMIbHBIE OENIKU M3
KJIyOHel kaptodens; cpeaa II nmpencrasisiia coboii
cpeny I, B koTopyto ObLT 100aBIIEH APOXKKEBOIT IKC-
TpakT (1 1).

MukpoopraH1u3mbl BbIpallluBaJIU B KoJI0ax DpJieH-
meiiepa (500 mut), B KOTOpbIe BHOCWIM 1O 150 MJT Kyib-
TypaibHOI cpennl. B cpeny BBommu 15 mit cycrieH3umn
KaXIOi KyasTypbl. P. infestans 6buto 2 x 10° 300c-
niop/mi, F. culmorum — 2 x 10> MakpokoHuauii/Mn u R.
solani — 15 mn munienust. ITocne 12 cyT pocta mutieuii
cobupany Ha UIBTpoBaIbHYIO OyMary BatMaH Ne 41,
MPOMBIBAJIM HEOOJIBIIMM KOJWYECTBOM TETUION M-
CTWJUTMPOBAHHOM BOIBI, HATPEBAIM B TeUeHNE HOUM B
JIyXOBOM IKady mpu temmneparype okosio 90°C, oxia-
XIaiu B BKCUKarope W B3BemmBainu. I[locie Ooree
ITATETBHOTO TIeproaa CYITKY He HaOIIoaan J0IT0M -
HUTEJIbHOII moTtepu Beca. PuibTpaT, MOJy4eHHBIN
nocjae cbopa MULIEIUS, UCITOJIb30BaIN I aHAIU3a
CEeKpeTUPYEeMbIX (DepPMEHTOB.

benku u3 ¢punbsrparta mocie 12 cyT pocta MUKpPO-
opranusmoB ocaxaanu (NH,),SO, (80% nHacslie-
Hust). OcaloK OTAESIIN LIEHTPpU(YTUPOBaHUEM TIPU
10000 g B Teuenue 30 MmuH npu 4°C, pacTBOPSUIU B
MUHUMAJBPHOM KOJIMYECTBE MTUCTUUTMPOBAHHOM
BOJIbI, 00ecCcouBaIu rejab-xpomarorpacdpueiit Ha Ce-
danexce G-25 n MTMODPMILHO BBICYIIINBAIN.

ITpoTreonutnyeckyo akTMUBHOCTh (DEPMEHTOB OIpe-
nessuii o merony Kynutua [11], nucronb3yst B Kaue-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

KYIAPABLUEBA u np.

cTBe cyocTpaToB KasenH (1%-HbIil pacTBOp), TeMO-
rio6uH (0.5%-HBIli pacTBOp), a TakKKe a30Ka3euH
(0.5%-we1it pactBOp) [12]. Bpemst ruoposisa azokase-
nHa cocTtapisuio 30 MUH, a Ka3erHa ¥ TeMOIIOOMHa —
1 4. AKTUBHOCTb LIMCTEMHOBBIX IIPOTEUHA3 OLICHUBAIN
rocJjie UHKyOaluu B mpucyTcTBuun 25 MM L-1iucrenHa
n 1 MM BJITA B Teuenne 10 MUH B COOTBETCTBHUHU C
MoaupuupoBaHHEIM MeTonoM KyHuna. 3a oaHy
eIVMHUILY IIpoTeoimTudeckKoil aktuBHocTy (E) mpu-
HUMaJIA TO KOJINYECTBO (hepMEHTa, KOTOPOE IIPUBO-
JIUT K YBEJIMUEHUIO ONTUYECKO mioTHocTu Ha 0.1
npu 366 HM ([Tt a30Ka3enHa) 1 280 HM (JUTST KazenHa
¥ TeMOTJIO0MHA) B TeUeHne | MUH.

AMMIA3HYI0 aKTUBHOCTH (DEPMEHTOB OITPEICIISIIIN
o MeToay DpJaHrepa 1 coasT. [13] ¢ ucrnosbp3oBaHUEM
CUHTETUYECKUX MN-HUTPOAHWIUIOB. No-0eH3omi-L-
apruauHa (BAITA), N-CyKuvHWI-TIAIAT-Tan-L-
denmnananuna (CykI'T®ITA), N-kap6obdeH30kcu-L-
anaHwi-L-ananun-L-neiitimna (K63AAJITTIA), neituum-
Ha (JITITA) n anerun-L-amaawn-L-amanmn-L-anannxaa
(ATAAAIIA). KoHueHTpaius cyocTpaTa cocTaBisiia
0.5 MM. 3a oaHy emMHUIly aMUAA3HON aKTUBHOCTU
(AE) npuHMManm KOJu4ecTBO (epMeHTa, KOTOpOe
pacierisuio 1 HMoab cyocTpara B 1 MUH.

[1st TipoBeieHrsT MHTMOMTOPHOIO aHaiu3a ObUIU
WCIIOIb30BaHbI CJISAYIOIINE MHTUOUTOPBI TPOTEOTUTH -
geckux pepmeHTOB: itogatieramun (MAA, 1 MM), xnop-
MeTUJIKeTOH To3u- L-nu3uHa (XMKTII, 1 MM), xj10p-
METUJIKETOH To3WwiI-L-dpenunanannaa (XMKT®,
IMM), muuzonpormidropdocdar (JAUIIDD, 1 MM);
OMTA (4.0 MM), nutnotpuston (ATT, 1 MM), beHu-
amanmaMeTaHcyaboHmipTopun (IIMC®, 1 MM),
n-xnopmepkypuiidoerzoar (IIXMBb, 0.2 MM).

Dnekrpodopes B 20%-HoM [TAAT B mpucyTcTBUU
AJC-Na (JJC-ITAATI') u B-mepkanTosTaHoja Mpo-
BomuIM 110 MeTony JIammuu [14]. [enu okpammBaiu
0.1%-upiM pactBopoM Kymaccu R-250 B 20%-HOM
aTaHoJIe, comepKaiueM 5% dopmanbaeruaa.

AOC-TTAAT-anekTopoope3 MPpOBOAUIN TaKXKe
B NPUCYTCTBUU COMNOJIMMEPU30BAHHOIO CyOcTpaTa
(0.1%-was xenatnHa) mo metony XeycceH u Jaymn
[15)]. Ha nopoxky HaHocuau 0.010—0.015 mr 6en-
KOB, BBIIEJEHHBIX M3 KYJLTYPadbHOM KUIKOCTH.
TTocne anexkTpodopeTnyecKoro pasaeieHusT 0eJIKOB
rejb MHKYOUpoOBaau B 2.5%-HOM pacTBOpe TPUTOHA
X-100 B TeueHue 2 9 IIPU UHTCHCUBHOM II€pEeMEIIIN -
Banuu s ymainenusts JJC-Na 1 BoccTaHOBICHUS
aKTUBHOCTU (hepMeHTOB. Peakiinio ruipoimnsa xesa-
TUHBI pa3feieHHBIMU (PPaKLUIMU OCYLIECTBIISUIN,
nHKyoupy# reib B 0.1 M rmuumna-HCI oydepe, pH
8.3, B TeueHUEe HOUM TIPU KOMHATHOI TeMrmeparype.
3areM reib okpammBaiy 0. 1 %-HBIM pacTBOPOM aMU-
JIOYEPHOTO B TeUeHMe 1 4 ¥ U3GBITOK KPacUTEs OT-
MBIBaJIU CMECBhIO 3TAHOJI—YKCYCHAasl KMCJIOTa—BoOjAa
(3:1:6). KoMnoHeHThI, 00JIagaione NpoTeoIUTH -
YeCKOI aKTUBHOCTHIO, BBISIBJISUIMCH KaK OeCIIBETHBIE
30HBI Ha TOJTyOOM (poHE OKpallleHHOM XKeJTaTUHEI.
Ne 5
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CEKPELIMA IMTPOTEOJIMTUYECKHNUX ®EPMEHTOB

ConepxaHue 0ejIKa ONpeacisyii o MOTUMUIIN-
poBaHHOMY MeTony bpaadopna, ucronb3ysa B Kaue-
crBe ctangapta bBCA [16].

Bce skcniepuMeHThl M aHAIM3bl IPOBOAWUJIUCH, T10
KpaiiHER Mepe, B TpeX MOBTOPHOCTSX, U PE3YJIbTaThI
NPENCTABIEHBI B BUAE CPEAHUX 3HAYCHUN, TIOJTYyYEH-
HBIX C YKa3aHUEM CTaHAAPTHOTO OTKIIOHEHUSI.

B pa6ore ucnonnzoBanu kazeun (HITO “buo-
nap”, JIaTBusI), a30Ka3enH, TeMOTJIOOMH, CUHTETUYC-
ckue cyocTparel 1 uHruouTopsl (“Sigma Chemicals
Co”, CIIIA), cedpanexkc G-25 u HaOOp HU3KOMOJIEKY-
JsipHBIX OenkoB-MapkepoB (LMW Calibration Kit)
¢upmel “Pharmacia” (IlIBewust).

PE3VYJIBTATBI 1 X OBCYXIEHUE

B nepBoii cepun 3KCIEpUMEHTOB ObLIO U3Yy4eHO
BJIMSTHHE HECKOIBKUX (hakTopoB (pH cpenbl, KOHIIEH-
Tpalys HEOPraHMIECKOTO a30Ta) Ha CEKPEIIMIO BHE-
KJIETOUHBIX MpoTerHa3 duTonaroreHaMu P. infestans
(Mont.) de Bary, R. solani, v F. culmorum, KoTopbie Ha
duoreHeTUYECKOM JIepeBe, IIpenCcTaBIeHHOM Ha
puc. 1, I, 3aHuMaroT pa3iu4yHbie BeTBU. Tak, UCTUH-
HBbIC TPUOBI, OTHOCSIIIUECS K CEMEUCTBAM 0a3uamo-
muiietoB (R. solani) n ackomuiietoB (F. culmorum),
dunoreHeTUYECKHU AajeKu ot P. infestans, KOTOpbIi
MPUHALIEKUT K ceMelcTBy oomulieToB (Oomycota)
(puc. 1, I). TpanuIMOHHO, B CBSI3U C HUTEBUAHBIMU
0COOEHHOCTSIMU POCTa OOMMIIECTHI OBIIM KJIacCUpU-
LIMpOBaHbI B LIapcTBe rpruboB. TeM He MeHee coBpe-
MEHHBIE MOJIEKYJISIPHBIE 1 OMOXUMUYECKIE aHATA3bI
IMOKA3bIBAIOT, YTO OOMMUIIETHl TAKCOHOMUYECKU Me-
Hee CXOJIHBI ¢ HUTYATBIMU TpubaMu, HO 0oJiee TECHO
cBs13aHbI ¢ OypbiMu Bomopocisimu (heterokonts), oT-
HOCSIIMMUCS K IapCcTBY 3ykapuort [17—19].

IIpu pocte Ha MOJYCUHTETUYECKOUN KYJIbTYpaslb-
Holi cpene, conepxameiin KH,PO,, MgSO,, FeSO,,
THaMWH U prOodnaBuH, HabII0AaIN HU3KYIO CeKpe-
LIMI0 NpPOTEMHAa3 BCEMM YKa3aHHbIMU MUKpOOpra-
HU3MaMU, XOTSl BCE OHU MOAAEPKUBAIU JOBOJIBHO
XOPOIIUM POCT.

IMTockonbKy M3ydaeMble MUKPOOPTaHU3MBbI SIBJISI-
IOTCSl BO3OYIUTENSIMU CaMbIX pa3pylIUTeIbHbIX 00-
JIe3Hel KapTtodens, B KyJAbBTypadbHYIO Cpeay ObLId
To0aBJIeHBI TEPMOCTAOMIIbHBIC OCJIKM U3 KIIyOHEeH
KapTodelisi. DTO UHULIMUPOBAJIO CEKPELUIO IMTPOoTe-
nHa3 rpubamu R. solani and F. culmorum (puc. 1, 1la
u Illa, xpuBbie 2). OgHaKoO B cpede BhIpalllMBaHUS
P. infestans akTUBHOCTh 3K30IPOTEMHA3 OCTaBalaCh
Ha HU3KOM YPOBHE U HE U3MEHSIJIACH IIPAKTUYECKU B
Te4YeHUE BCETO POCTA KYJILTYPHI, XOTSI U HAGJII04aJICs
3HAYUTEJAbHBIN TIpUpocT Ouomaccel (puc. 1, IVa,
KpuBkle 1 1 2).

Okazanoch, 4Tto 3HadeHme pH KynbrypainpHOMI
Cpelbl U3MEHSIOCH B IIPOIIECCE POCTA BCEX TPEX MUK-
POOPraHU3MOB OT CJIerka KUCJIOIO 10 HEUTPaIbHOTIO.
IMocrostaHOe 3HaueHue pH (7.2—7.4) mocturaioch mo-
ciie 12 cyr makyoauuu (puc. 1, ITa—IVa, xpuBsie 3).
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C11ocoOGHOCTh MAaTOTEHHBIX TPUOOB TToanepKMBaTh pH
He 3aBHCeJIa OT COCTaBa NMUTaTeJIbHOM cpeabl. Ciemyer
OTMETUTb, YTO 3aBUCUMOCTb CUHTE3a U CEKPELIMU K-
3omnpoterHas oT pH cpenbl TakKe ObL1a 0OHapyKeHa y
HEKOTOpbIX MMKpoopraHusmoB [20]. Tem He MeHee
TprOBbI OOBIYHO U30ETaI0T ECTECTBEHHOM Cpelbl 0OMTa-
HUS ¢ HEMOAXOASAIIUM 3HaueHrueM pH, Bo3MokHO, 13-
3a MeTabOJMUECKUNX 3aTpaT Ha €ro KOPPeKIUIo U He
KOHKYPUPYIOT ¢ MUKPOOpraHU3MaMu, OoJjiee amanTu-
poBaHHBIMU K u3MeHeHusiM pH. Hakonel, nporeonu-
TUYECKasl aKTUBHOCTb (DepMEHTa, KaK U3BECTHO, CUJTb-
HO 3aBUCHUT OT pH, moaToMy mJist TOro 4Toosl 3hdek-
TUBHO paclIeIIsATh O0eaku, onTuMyM pH nipotenHas B
naease JOKEeH cooTBeTCTBOBaTh pH cpenbl oouTaHus
MUKpoopraHusma. MoXHO 3aMeTUTb, YTO 3HAYECHMSI
pH cpennl Bausimo Ha poct 6momacchl (puc. 1, Ila—
IVa, xpussie 1).

Hobasnenue B cpeny KNO; npuBoausio K 3HaYu-
TEJIbHOMY CHVXKEHUIO aKTMBHOCTU 3K30IMPOTEUHA3,
YTO YKa3bIBAJIO HA MOJABJICHUE UX CEKPEeLINU U, BO3-
MOXKHO, cuHTe3a. IToCKOJbKYy cekpelusl 3K30dep-
MEHTOB NOAABISCTCS B IPUCYTCTBUM HUTPATOB, IME-
JOTCS OCHOBAHUS T10JIaTaTh, YTO MUHEPAJIbHBIN a30T
peryJupyeT ajanTalyio MaToreHa K OKpyXKalollei
cpelie Mo MeXaHU3MY, KOTOPbIH MOXKHO OTHECTHU K Ka-
Taboam4YecKou perpeccun [21].

st u3ydeHusl BAUSTHUS OPTaHUYECKOro a30oTa Ha
CEeKpEeLMI0 BK30MPOTENHA3 TMAaTOTeHOB B TUTATEb-
HYIO cpely ObLIM TOTIOJHUTEIbHO T00aBIEHBI OEIKU
13 BKCTpakTa apoxckeit. [Tpu aToM 171 BceX MUKpPO-
OpPraHU3MOB HaAOJIIOJAJIU 3aMETHOE YBEJIUUEHUE CEK-
peuMn BK30MpOoTerHa3, KOTOPOE COIMPOBOXIAIOCH
ycKopeHueM pocta ux munenus (puc. 1, 116—IVo,
KpuBble [/ U 2). MOXHO TPeaNoJOXUTh, YTO OEJIKU
JIPOXKKEBOTO DKCTPAKTA, SABJISISICh JOMOJIHUTEIbHBIM
WCTOYHUKOM IUIIEBBIX CyOCTPATOB JJIsSI MUKPOOpPTra-
HU3MOB, MO-BUIUMOMY, IEHCTBYIOT TakXKe B Kaue-
cTBe MHAyKTOpa [22]. BaxkHO OTMETUTH, YTO OOMUIIET
HaynHal 3(@EeKTUBHO IPOAYLIHPOBaTh 3K30(pep-
MEHTBI TOJILKO B MPUCYTCTBUU OEIKOB IPOKKEBOIO
skcTpakTa (puc. 1, IV6, xpusas 2). TakuM oGpazom,
MOXHO 3aKJIIOUUTh, UYTO P. infestans 6oyiee HEOOXOIU -
MbI O€JIKM TSI CeKpeliuy (DEPMEHTOB, YEM IJIsI pOCTa.

OKa3ajoch, 4TO CEKpelrsl IMPOTeMHAa3 BCEMU HC-
CleyeMbIMU MUKPOOPTaHU3MAaMM 3aBUCUT OT TEMIIC-
patypbl KyJabTuBUpoBaHusl. Korma KyJbTypbl pociu
npu 28°C, HaOII0JAIOCh YMEHbBIIIEHUE CEKpeTUpye-
MOI MPOTEOIUTUYECKON AKTUBHOCTU B KYJIBTYpalb-
Hoii cpene. ITpu 21°C npoayKiyst 5K30IpoTerHa3 Obl-
Jla MaKCUMAJIbLHOM. DTO, OYeBUIHO, COOTBETCTBOBAJIO
TEMIIEPATypPHOMY PEXMMY OOMTAHUS MUKPOOPTaHM3-
MOB B €CTECTBEHHOI cpele. MOXHO MpPearnooXUTh,
yTto Temnepatypa 21°C onTuMalibHa 1151 UCCIIEMyeMbIX
BO30OymmuTeneil 6one3Heil kaprodeis. Mx Hecmmocob-
HOCTb PacTu Mpu 00Jiee BEICOKUX TeMIIepaTypax, BO3-
MOXHO, OTpaxkaeT paclipelejieHue B €CTeCTBEeHHOM
cpelie oOuTaHus, 3allMIIAIONIe OT NefCTBUS BbICO-
KuX Temmneparyp. JeictButenbHo, B padote [23] ObI-
N5 2013 6%
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Puc. 1. ®unoreHernyeckoe nepeBo rpu6os [4] (I) 1 AuHaMUKa U3MEHEHUS] aKTUBHOCTH 3K30IPOTEenHA3 (a) U BIaXKHOM 01O~
macchl (0) B ipotiecce pocta R. solani (I1), F. culmorum (111) u P. infestans (I1V) B KynbTypanbHOi1 cpene 6e3 (/) u mpu nobasie-
HUU IPOXKEBOTo aKcTpakTa (2); usMeHeHue pH cpenbl B TeueHre pocta MUKpoopraHusma (3).

JIO TTOKa3aHo, YTO HECKOJIbKO ITaMMOB Pythium at-
trantheridium, BbIICICHHBIX U3 MECT IIOBPEXKICHUS

HEUTpaJbHBIX U C€J1a00 IIEJOYHBLIX 3HauyeHMsIXx pH.
Tak, sk3omnporenHasbl F. culmorum Xxapakrepu3oBa-

KOPHEIUIOIOB MOPKOBH, TIJIOAOB SI0JIOK M CaxKeHIIeB
BUIIHU, pocau npu 20—25°C. B 1o ke BpeMs1 pocT
rpuba Pythium splendens, BBI3BIBaIONIIET0 OOJE3Hb
KOpHel kapam6oubl (toxxHast @aopuaa), yMeHbIIAT-
¢ ripu Temneparype Boilre 30°C [24].

DK30¢hepMEHTBI, CEKPEeTUpPYeMble W3yJacMBIMH
MUKPOOPTaHU3MaMM, MPOSIBISIA aKTUBHOCTh IIPU

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

JIMCh MaKCUMaJIbHOM IIPOTEOIMTUYECKOM aKTHUBHO-
cteio ipu pH 8.0, a R. solani — npu pH 8.5. Camblii
BBICOKMI YPOBEHb aKTUBHOCTU 3K30MpoTenHas P. in-
festans HabGOMaJICsl MPU HEUTpaIbHBIX 3HaYeHUsIX pH
¥ xapakTepusoBajicsa MakcumyMoM Tipu pH 7.0. Cire-
IyeT OTMETUTh, YTO aKTUBHOCTH (pepMeHTOB P. in-
festans yBenmuumMBajiach B Cab0 IIEJIOYHOR OOJIacTU
Ne 5
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Ta6muma 1. BiausiHve CMHTETMYECKMX MHTMOMTOPOB HA aKTMBHOCTH BHEKJIETOYHBIX ITPOTEMHA3, CEKPETUPYEMBIX P. in-
festans, F. culmorum u R. solani (konuentpauus JUTMOD — 0.2 MM, BATA — 4.0 MM 1 ocTaibHBIX UHTMOUTOPOB — 1.0 MM

WHru6nTop AKTMBHQCTb npoTenHas AXTHUBHOCTb . AKTHUBHOCTbB IIpOTEMHA3
P. infestans, % npotenHa3s R. solani, % F. culmorum, %
AsokazenH, BAITA, K63-AAJITTIA A3sokazenH, BAITA A3zokazenH, BAITA, K63-AAJITTIA

bes peareHTa 100 100 100 100 100 100 100 100
JNTTDD H.0.* 42.0 H.O. H.O. H.O. H.O. H.O. H.O.
IMIMCOD 100 100 0 61.1 96.0 35.0 17.4 78.0
XMTIIK H.O. 4.0 95.0 95.0 70.0 84.0 50.0 52.0
XMTOK H.O. 52.0 91.0 82.0 84.0 80.0 46.0 100
SIATA 20.3 41.0 0 89.0 93.0 112.0 99.0 99.0
IMXMb 95.1 69.0 100 76.0 95.0 61.0 100 100
HUAA 100 90.1 100 100 93.0 97.0 101.6 101.2
ATT 100 93.4 84.2 66.0 129.1 82.0 98.4 99.2
Cynema 65.4 57.2 27.4 79.0 95.0 53.0 34.0 55.2

* H.0. — HE ornpeacisdann

pH, 4To yKa3bIBaJlo Ha HaJIM4ue, IO KpailHell Mepe,
BTOpPOI ITpOTerHA3LI ¢ onTUMyMoM pH neiicTBus B 06-
nactu ot 8.0 1o 9.0.

DK30IMPOTeHA3bl BCEX TPEX MUKPOOPTraHU3MOB
MPOSIBJISIM HU3KYKD aKTUBHOCTH MO OTHOLIEHMUIO K
Ka3eWHy M TeMOTJIOOMHY, B TO e BpeMsT aKTUBHOCTD
0 OTHOIIIEHUIO K a30Ka3erHy OblJIa Ha MOPSIIOK BhI-
1e. DTo MOCIYXUJI0 OCHOBAHUEM JIJISI UCTIOIb30Ba-
HUs a30Ka3erHa B KadyecTBe OEJIKOBOrO cybcTpara
Npyu U3y4eHUN ux cBOMCTB. CIIOCOOHOCTE BK30dep-
MEHTOB, XOTSl U OYeHb CJIabo, TMIAPOJU30BaTh FEMO-
IJIOOWMH MOTJIa CBUIETEIBCTBOBATH O IPUCYTCTBHU
Ccpeny HUX acTiapTUIbHBIX TTPOTENHA3, XapaKTepu3y-
IOIIUXCST ONITUMYMOM JEHCTBUSI B 0OJIACTU KUCIIBIX
3HauYeHU pH, 1 HEKOTOPBIX IIMCTEMHOBBIX ITPOTEH-
Ha3, KOTOPbIE MOTJIM OBl TTPOSBIISATH AKTUBHOCTD TIPH
9TUX Xe 3HaueHusix pH. OnHaKO HU y OTHOTO U3 IPU-
00B He HaOIOmAIM U3MEHEHUS TIPOTEOTUTHIECKOMN
aKTUBHOCTH 3K30IPOTEMHA3 MO OTHOIIEHUIO K a30-
Ka3ewuHy MpuU J00aBJICHUM BOCCTaHABJIMBAIOIINX
areHToB (L-tmuctenH, D/1TA). Do ¢ 60JbIII0M CTETIE-
HBIO BEPOSITHOCTU YKa3bIBaJO Ha OTCYTCTBHE B WX
KYJBTYPaJbHBIX XUIKOCTSIX LIMCTEMHOBBIX IMPOTEU-
Ha3, aKTUBHOCTh KOTOPBIX B MPUCYTCTBUHM BOCCTa-
HaBJIWBAIOIINX areHTOB MOJDKHA OblIa OBl YBEIMUIN-
BaThCH.

B Tabn. 1 mpencraBiaeHbl pe3yabTaThl U3YYEHUS
B3aUMOJENCTBUS PA3IMYHBIX CUHTETUYECKUX WHIU-
OUTOPOB C 39K30MpPOTEMHA3aMHU, CEKPETUPYEMbIMU
TpeMsi MUKpoopranuamamu. BJ1TA, KOTopblii moaas-
JIIET aKTMBHOCTb METAJLUIONpPOTeuHas3, AelCcTBOBa
TOJBKO Ha 3K30(epMeHTH ooMmuiieTa. TakmMm obOpa-
30M, B COCTaBe 3K30(DepPMEHTOB, CEKPETUPYEMbBIX UC-
TUHHBIMU rprbaMu, OTCYTCTBOBAIM METAJUIONMPOTEU-
Hasbl. [Ipy BBeneHUM BOCCTAHABIMBAIOIIMX areHTOB
(L-uucreun, B/ITA) B ciayyae onpeneseHus MpoTeo-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

JIMTUYECKOW aKTUBHOCTU 3K3oMpoTeuHas P. infestans
HaOIIOAANN He YBeJIMYEeHHE, a MIOUTH JIBYKpPaTHOE ee
CHIDXEeHHE. DTO CBUACTEIHCTBOBAJIO HE TOJIBKO 00 OT-
CYTCTBUU LMCTEMHOBBIX IIPOTEHHA3, HO YKa3bIBAJIO
Ha MIPUCYTCTBUE B KYJIBTYPaIbHOM XUIKOCTU OOMHU-
1eTa MeTaJIoNpPOTeHAa3, aKTUBHOCTh KOTOPBIX IMO-
npasiasutack DJATA (ta6a. 1). [IMC® asdhdekTuBHO
MOAABJISII AKTUBHOCTD 3K30(DEPMEHTOB BCE TpeX I1a-
TOT€HOB. DTO CBUIETEJILCTBYET O TOM, UYTO BCE OHU
CEKPETUPYIOT B OCHOBHOM CEPHHOBBIE TIPOTEMHA3HI.
DdepMeHTHI, MPUHAIEXKAIIMe K 3TOMY Kjaccy, 3Ha-
YUTEILHO pa3IndaloTcs 110 CyOCTpaTHOM criennpud-
HOCTH. Pe3ynbraTsel 00pabOTKM XJIOPMETMIIKETOHAMU
yKa3blBalOT Ha TO, YTO CPeIu HUX IMPUCYTCTBYIOT
TPUIICUHO-N  CYOTWIM3MHOMOAOOHBIE (hepMEHTHI
(tabJ. 1). TakuM o6pa3oM, B cocTaBe OEJIKOB, CEKpe-
TUpyeMbIX R. solani, IpUCYTCTBYIOT B OCHOBHOM
TPUIICMHONOA00HbBIE (pepMeHThl. DepMeHThI, CeK-
petupyemble F. culmorum, npencTtaBiaeHbl CyOTUIN-
3UHOIIOI0OHBIMUY MPOTEMHA3aMM, B TO BpeMs KakK B
KYJABTYpIbHOM XXUIKOCTU OOMUIIeTa HdOMOJIHU-
TeJbHO OOHAPYXUBAIMCh METAJTONPOTEHA3HI.

Pesynabrater A C-TTAAI-anekTopoopesa B
MPUCYTCTBUM KeJIaTUHbI MOKa3aiu, YTO BCE UCCIIe-
JIOBaHHbIC IITAMMbI CEKPETUPOBAJIU TpU WU OoJjiee
0eJIKOB, 00J1adal0IINX TPOTEOTUTUYECKON aKTUBHO-
cThio (puc. 2). Bece mraMMbl comepKaiad BBICOKOMO-
JIEKYJISIpHBIN OeJTOK, KOTOPBII OcTaBajICs Ha cTapTe
resst. OctajibHble O€JIKU UMEJIM MOJIEKYJISIDHYIO Mac-
cy B peneinax ot 12 mo 65 x/a. Tak, P. infestans cex-
petupoBan npotenHasbl 17, 29 u 50 ka, F. culmorum —
21,29 u 50 x/1a, a R. solani — 25 v 65 xJla. HauGonee
BBICOKOM KeJIaTUHOJIUTUYECKOU aKTUBHOCTbIO 00J1a-
JlaJiIi KOMIOHEHTBI C MOJEKYJSIpHOW Maccoit 29 u

50 x/1a.
Ne 5
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ka

M I 2 3

94 —
67 —

43 —|

30 —

20 —

14.4 —

Puc. 2. 3umorpamma, nonyyeHHast npu 1 C-Na-TTAAT -
anekTpodope3e B MPUCYTCTBUU KEJIATUHBI, YaCTUIHO
OYMIIEHHBIX KYyJBTYpaJlbHBIX cpel mocie 12 cyT pocta
R. solani (nonoca 1), P. infestans (nmonoca 2) u F. culmorum
(rmojtoca 3). M — GenKu-MapKepbl MOJICKYJISIPHBIX Macc
(xk[1a): docdopunaza b — 94, 6b14Mit CHIBOPOTOYHBIN aJlb-
OYMMH — 67, SMIHBIA aTb0yMUH — 43, KapOoaHTUApa3a —
30, coeBblii uHrMOUTOP TpuncuHa Kynuria — 20.1 u nak-
TansoymuH — 14.4. Okomo 50 MKT 6eyrka ObLI0 HAHECEHO
Ha rnoJjiocel /—3.

PesynbraThl onpeneneHus aMuaa3HONH aKTUBHO-
CTU 9K30(DEPMEHTOB, CEKpeTupyeMbix P. infestans v
F. culmorum, npy rugpoan3e n-HUPOAHWJIUAOB aMU-
HOKHUCJIOT U TPUMNENTUIOB MpeACTaBIeHbI B Ta0d. 2.
CylIecTBYIOT YETKHUE Pa3Iuuusl MexXIy crieuuduu-
HOCTbIO JNEHCTBUSI HAa CHHTETUUYECKHE CYOCTpaThl
TPUIICUHOB U CYOTWMJIM3UHOB, KOTOPbBIE MO3BOJISIOT
pazauyaTh 3TU (pepMeHThl. BUIHO, UTO 3K30MpOoTEeU-
Ha3skbl P. infestans Han6onee a(pPeKTUBHO rUIPOIU30-
Bain BAIIA (cybcrpaT njiss TpUIICMHOIOAOOHBIX
MpoTerHa3) U B MeHbleit creneHn Ko63-AAJITTIA
(cyOcTpaT mist CyOTMIIM3MHOIIOMOOHBIX IIPOTEUHA3).
B 1O Xe BpeMsi OHU He JeiCTBOBaJIM Ha CyOCTpaThl
JUTSI XMUMOTPUIICUHA U BJ1acTa3anol00HbIX TPOTeUHAa3
(CykITDITA u Au-AAAITA COOTBETCTBEHHO), a
Takke 111 amuHonenTtuaas (JITTA). depMeHThI, ceK-

Tadamma 2. AmunasHast aktuBHOCTb (AE) (pepmeHTOB, cek-
petupyeMbix P. infestans ni F. culmorum (KOHLIEHTpaLms Cy0o-
ctparoB 0.5 MM)

Cy6ctpar 3K3£HPOTCI/IHa3bI DK30MpOTenHA3bI
. infestans F. culmorum
BAITHA 4.2+0.17 1.9+ 0.06
Ko63-AAJITTHA 2.1+0.08 6.7 +0.23
Cyk[TOITHA 0+ 0.00 0.5+ 0.01
JITTHA 0+ 0.00 1.1+£0.03
AUAAATTHA 0=+ 0.00 1.0 £ 0.02

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

KYIAPABLUEBA u np.

petupyembie F. culmorum, spdpeKTUBHO paciiernis-
mm K63-AAJITTA u B mensbliieit cteneHnn BATTA. OHu
MPOSIBJISUIA HU3KYI0 aKTMBHOCTh IT0 OTHOIICHUIO K
cyocTpaTaM Ijist XUMOTPUIICUHA, 31aCTa3allog00HbIX
MpoTenHa3 U aMuHonenTuaas. CoctaB 3K30(hepMeH-
TOB P. infestans n F. culmorum He 3aBuceJ OT cocTaBa
KYJIBTYPaTbHOM Cpebl.

AmunazHasi akTUBHOCTb 3K30(hepMEHTOB, CEKpe-
TUPYEeMBIX R. solani, 3aBUcella OT cocTaBa ITATATEIb-
HoW cpenpl (Tabu. 3). [Ipu KyJIsTUBHPOBAaHUM Tprda
Ha cpelie, He coiepxallleil JpOoXKeBOro 3KCTpaKTa,
CeKpeTMpyeMble UM MPOTEUHA3bl TUAPOJIU30BAIU
azokaseuH u BAITA, Ho Ha K63-AAJITTA neiictBoBa-
Jn ciabee. DTU (hepMeHTHI He NefCTBOBaIM Ha Crie-
uduryeckue cyocTpaTsl IS XUMOTPUIICUHA, 3J1a-
CTa3anoAo00HbIX MPpOoTerHa3 U aMuHonenTuaas. J1o-
0aBJeHUE B KYJIBTYpalbHYIO Cpeay ApOXkKKeBOro
9KCTpaKTa MPUBOAWIO K U3MEHEHUIO COCTaBa Mpo-
TeuHa3, ceKpeTupyeMbix R. solani. 3 Tabn. 3 Bun-
HO, UTO 3K30MpPOTeMHa3bl HAUMHAJIU 3PPeKTUBHEE
TUIPOJIM30BaTh a30Ka3euH W CcyOCcTpaT ISl CyOTH-
Jm3uHa (K63-AAJITTA), a uXx akTUBHOCTb I10 OTHO-
meHuio K BAITA ObUta CylliecTBEHHO HUXe. TakuM
o0pa3oM, TMpu J00aBJIEHUU IPOXKEBOTO SKCTpaKTa
cocTaB (pepMEHTOB, CEKpEeTUPYeMBIX R. solani, n3me-
Hsuics. [pubd HauMHAM MPOAYLIMPOBAaTH B OCHOBHOM
CyOTWIM3MHONOAOOHEIE (PEepMEHTHI, IpPH 3TOM B
KYJBTYpaIbHON Cpele 3HAYUTEJIbHO YMEHbIIAIOCh
coJiepKaHUe TPUTICUMHOTIOAOOHBIX TTPOTEUHA3.

bri10 M3yyeHO B3aMMOJIEMCTBUE DK30IMPOTEHUHA3,
cekpeTnupyeMbIx R. solani n F. culmorum, ¢ ipupon-
HBIMU GeJTKaMU, BBIIEJICHHBIMHA U3 KITyOHel KapTo-
denst m ceMsTH GOGOBBIX pacTeHMI, KOTOpBIE Ieii-
CTBYIOT KaK MHTMOWUTOPbI CEPUHOBBIX MpPOTEHWHA3
(puc. 3). AKTUBHOCTb 3K30MpoTernHas R. solani 3¢-
(GEeKTHUBHO TTOAABIISIIIACh CIIEU(PUUIESCKMMU UHTUON -
Topamu TpulicuHa u3 Kaprodeis, con (SKTI, Soy-
bean Kunitz Trypsin Inhibitor) u rnegnyuu (puc. 3a,
KpuBbie I, 31 4), HO KapToeTbHbIA UHTUOUTOP XU-
MOTpUIICMHA | THIrMOMpPOBaJ UX 3HAYUTEIBHO clabee
(puc. 3a, kpuBas 2). ITO MOATBEPKIAET BbhICKa3aH-
HOE BBIIIIE TTPEIITOJIOKEHIE O TOM, YTO TPUIICHHOIIO-
TOOHBIC 3K30IPOTEMHA3Bl CeKpeTupylotes R. solani
NP KyJETUBUPOBAaHUY 6€3 IPOXKKEBOTO SKCTPAKTA.
benxku SKTI u SBBI (Soybean Bowman-Birk Inhibi-
tor) MeHee 3(pPEKTUBHO TTOAABJISIJIM aKTUBHOCTD 9K-
30MpOTenHA3, CeKpeTupyeMbIx F. culmorum (puc. 30,
KpuBble 3 1 6). OmHaKo cieuUIecKNii UHTUOUTOP
cyOoTUIM3uHA U3 KIyoHei KapTodens addekTuBHO
JeficTBOBaJI Ha HUX, TTOJABJISISI UX aKTUBHOCTh OoJiee
yeM Ha 60% (puc. 36, kpuBas 5). DTO yKa3bIBaeT Ha
TO, UTO CYOTHIN3UHITOTOOHBIE (PEPMEHTHI COCTABIISI-
JOT 3HAYUTEILHYIO YacTb TPOTENHAa3, CeKpeTHpye-
MEIX F. culmorum. AHAJIOTMYHEIE Pe3yJIbTaThl ObLINA
TIOJTyJeHBI IIPY U3YISHUM ACHCTBUS OETKOBBIX MHTH-
OUTOPOB Ha BK30MpoTenHa3bl P. infestans. I1omydeH-
Hble JaHHBIC MOATBEPKIAIOT, YTO IK30MPOTEUHA3BI
Ne 5
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rpuOOB M OOMUIIETAa TPUHAJIEXKAT K NIPOTEOJIUTUYE-
ckuM epMeHTaM KilaHa xuMoTpuiicuHa [5]. Crnemy-
€T OTMETUTh, YTO MHTUOUTOP CYOTUIN3MHA U3 KITyO-
Hell Kaprodeas NomaBisl in Vitro poCT U pa3BUTHE
MakpokoHuauii F. culmorum wn 300cnop P. infestans
[28]. MOXHO MpPeaItoa0XnUTh, YTO SK30IIPOTENHA3HI,
ceKkpeTupyemble (UTONMATOTeHHBIMU MMKPOOPTraHU3-
MaMH, SIBJISIIOTCST (paKTOPOM MX TTAaTOT€HHOCTH.

Takum 00pa3zoM, WHTUOWUTOPHBIN aHAIA3 OCHOB-
HBIX BKCTpaLe/UTIONSAPHBIX (DEPMEHTOB IMaTOTeHHBIX
rpu6oB R. solani n F. culmorum, Taxcke oomuniera P. in-
Jfestans, mokazaj, 4To OHM IpUHAIIEXaT K TPyIIIIe ce-
PVHOBBIX IIpoTenHa3. Ha ocHoBaHMM MX CyOCTpaTHOM
crreun(pUYHOCTU U YyBCTBUTEIILHOCTU K CUHTETHUYC-
CKUM U TIPUPOAHBIM MHTUOUTOpPAM MOXHO CiaeiaThb
3aKkjaoueHue, 9yro pepmeHThl F. culmorum wn P. in-
Jfestans ceKpeTUpPYIOT TPUIICUHO- U CYOTHIM3MHOIO-
JIo0OHBIe ITpoTenHa3bl. CocTaB 9K30(DepMEHTOB, CEKpe-
TUPYMBIX R. solani, 3aBUCE OT cOCTaBa KyJIBTypaJIbHOMI
cpenbl, 0COOEHHO OT (POpPMbI a30THOro IuTaHus. B
YCJIOBUSIX M30BITKA OEJIKOBOTO IUTaHus rpub R. solani
CEKPETHUPOBaI IPEUMYIIECTBEHHO CYOTHMIM3MHOIIO-
JIoOHBIe (pepMEHTHI U poc Kak carpodut. IIpu Hemo-
CTaTKe a30THOTO IUTAaHUS I'pub HAUMHAI CEKPETHUPO-
BaTh TPUIICUHOMNOIOOHbIE TTPOTEeMHA3bl, KOTOPbIE CIO-
COOCTBOBAJIM MH(UILIMPOBAHUIO PACTUTEILHOMN TKAHU.
Hecmotpst Ha To, uTo TpUO R. solani ObLI BBIIEICH U3
TKaHU KapTodeast, MOXKXHO MPEAIIOI0XKUTh, YTO OH CO-
XpaHsII CBOMCTBA caripoduTa, KOTOPHIN XKMBET Ha pac-
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Tabauna 3. AKTUBHOCTb 3K30IpoTenHa3 rpuba R. solani,
BBIPAIIIEHHOTO Ha cpefie ¢ 100aBIeHUEM APOXKKEBOTO IKC-
TpakTa 1 6e3 Hero

VienbHasi aKTUBHOCTb,
(E)AE/mr Genka
CyocTpar
C mpoxckeBbIM |be3 nmpoxckeBo-

BKCTpakToM, 1% | ro skcrpakra
Azocasein, 83.3+2.34 15.0 £ 0.56
0.5%-upb1it pacTBOp
BAITHA (0.5 MM) 26.0 £ 0.88 10.0 £ 0.31
K63-AAJITTHA 40.0 £ 1.38 1.8 £ 0.06
(0.5 MM)

TUTEIBHBIX OcTaTKaX. BecbMa BEpOSITHO, YTO 3K30ITPO-
TeWHAa3bl MO3BOJISIIOT acCKOMMIIETY R. solani pacty Ha
GOJIBILIOM Pa3HOOOPA3UU KUBBIX M HEXUBBIX PACTU-
TeJIbHBIX CyOCTPAaTOB.

IMTosyyeHHBIE JaHHBIE MTOKA3bIBAIOT, YTO pa3/IiMy-
Hbl€ MCTOYHUKM IMUTAHUS IS MUKPOOPraHU3MOB
MOTYT OBITH BaXXHBI 11 anddepeHINaATBLHON pOo-
OYKIMUA UMW CEpUHOBBIX MpoTenHas. Kak cekpeuns
CYOTUIIU3UHOB, TaK M TPUIICUHOB WHAYLIMPYETCS
CUTHaJlaMM OKpyKaroeii cpensl [7, 29]. Cyormnu-
3WHBI ITATOTeHHBIX TPUOOB MOTYT UTPaTh pa3HbIe PO-
Ji1 B matoreHe3e. C 0HOI CTOPOHBI, OHU MOBBIIIAIOT
ajganTalio MUKPOOpPraHU3Ma K pacTeHUIO-XO3STMHY,
a ¢ IPyroi — BBITIOJHSIOT pa3IndHble GPYHKIIUU IPU

©

0
0.05
0.10

0.15
0.20

0.30

0.05
0.10

0.15 0.25
0.20 0.30

CooTHoIIeHNue MTHTUOUTOP/(PepMeHT

Puc. 3. Biusinve 6GeJIKOB-MHTMOMTOPOB MPOTEMHA3 Ha aMUIAa3HYI0 aKTUBHOCTh (%) ak30depMeHTOB R. solani (a) v F. culmorum (6)

1 — MHrMOUTOp TPUIICUHA U3 KITyOHe KapTodens [25], 2 — unruburop xumorpurcusa I [26], 3 — SKTI, 4 — uHrubuTop TpuIi-
CHHa U3 ceMsiH rieanuuu [27], 5 — uHruobutop cyotuinsuHa us kiyoHeit kaprodesns [28], 6 — SBBI. B kauectBe cydcTpaToB

ucnoab3oBaiu BAITHA u K63-AAJITTHA.
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€r0 BBDKMBAHUM B Pa3HbIX 3KOJOTMYECKMX MECTax
o0MTaHUS BHE X03s11MHa. I3BeCTHO, 9YTO HEe BCe MUKPO-
OpPraHU3Mbl, Mopaxaroliue pacTeHUs], CEKPETUPYIOT
tpuricuHsl [30, 31]. VIx cekpennst BO3pacTaeT co cTe-
TIEHBIO 3BOJIIOLIMOHHOTO “Bo3pacTta” rpuda. B cBsi3u ¢
9THUM BBICKa3bIBaeTCsl TIPEANOI0XKEHNE, YTO (uore-
HETUYECKOEe pacIipele/ICHUe IIITAMMOB IPEBHUX I'PU-
0OB SBIISIETCSI OoJjiee IMMPOKMM, YeM COBPEMEHHBIX
[30]. Takoe pacmpeneieHre MOXET SIBISITHCSI OTpaske-
HHEeM KOHBEPIreHTHOM 3BOJIIOLIMU, B pe3yJibTaTe KOTO-
poii (hrToreHeTMYECKU pa3IndHble MUKPOOPTraHU3MbI
nproOpeIr CIOCOOHOCTh CEKPETUPOBATh OJIM3KME 10
CBOICTBaM IIPOTEOJIUTUYECKUE (PEPMEHTHI, IEHCTBY-
IOllIMEe Ha OOHU U T Xe CyOCTpaThl.

Oxazanochb, 4T0 oomulleT P. infestans 1 acCKOMU-
net F. culmorum cexpeTupyroT OJIM3KHE IO COCTaBY
9K30IMPOTENHA3bl, HECMOTPSI Ha TO, YTO OHU OoJjiee
yaajaeHbl Ha (MJIOTEHETUIECKOM JepeBe, YeM acKo-
muieT u 6azuaguomulieT R. solani (puc. 1, 1). Takum
00pa3oM, CYLIECTBYeT HECKOJIBKO MEXaHU3MOB aarl-
TallMM Pa3JIMYHBIX IITAMMOB MUKPOOPIraHU3MOB, KO-
TOpBIE CEKPETUPYIOT IIPOTEOJIUTUIECKIE (PepMEHTHI
pa3IMYHBIX KJIACCOB B 3aBUCHMMOCTH KaK OT MX KOH-
KPETHBIX MOTPEOHOCTEI, TaK M IIPUPOAbl UX KOH-
KPETHBIX X03sieB. Hallu ucciaeagoBaHms TakKe ITOKa-
3a7M, 4TO in Vitro TIOBEICHUE HCCJIEeAyeMbIX BHIOB
MUKPOOPTaHU3MOB He CBSI3aHO HAIIPSIMYIO C 3KOJIO-
TMYECKMMHU HUIIAMU, U3 KOTOPHIX OHU OBLIM BbIIIE-
neHbl. Pasznmumune cocraBa mpoTreMHas, CeKpeTHpye-
MBIX MMKPOOPTaHM3MaMHM, MNOPaXaIoLIMMU pacTe-
HUSI, MOXET OTpaxaTb (pU3NOJIOTMUECKUE PA3TUIUST
canpoduToB n puromaroreHos [10].
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Secretion of Proteolytic Enzymes by Three Phytopathogenic
Microorganisms
N. N. Kudryavtseva, A. V. Sofyin, T. A. Revina, E. L. Gvozdeva, E. V. Ievleva, and T. A. Valueva

Bakh Institute of Biochemistry, Russian Academy of Sciences, Moscow, Russia
e-mail: valueva@inbi.ras.ru
Received February 20, 2013

Abstract—Serine proteinases from three phytopathogenic microorganisms that belong to different fungal
families and cause diseases in potatoes were studied and characterized. The oomycete Phytophthora infestans
(Mont.) de Bary and the fungi Rhizoctonia solani and Fusarium culmorum were shown to secrete serine pro-
teinases. An analysis of the substrate specificity of these enzymes and their sensitivity to synthetic and protein
inhibitors allowed us to refer them to trypsin- and subtilisin-like proteinases. The correlation between the
trypsin- and subtilisin-like proteinases depended on the composition of the culture medium, particularly on
the form of the nitrogen source. A phylogenetic analysis was carried out. In contrast to basidiomycetes
R. solani, ascomycetes F. culmorum and oomycetes P. infestans produced a similar set of exoproteinases,
although they had more distant phylogenetic positions. This indicated that the secretion of serine proteinases
by various phytopathogenic microorganisms also depended on their phylogenetic position. These results
allowed us to suggest that exoproteinases from phytopathogenic fungi play a different role in pathogenesis.
They may promote the adaptation of fungi if the range of hosts is enlarged. On the other hand, they may play
an important role in the survival of microorganisms in hostile environements outside their hosts.
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C noMoIib10 UMMYHOMEPMEHTHOTO aHaM3a TJaHa XapaKTepHUCTHUKa BCTPEYaeMOCTH M YaCTOThl HAKOTUIEHUS
MUKOTOKCMHOB B JIMILIAitHUKAaX, TpuHamiexamnmx Kk 20 ponam cemeiicts Cladoniaceae, Nephromataceae,
Parmeliaceae, Peltigeraceae, Teloschistaceae m Umbilicariaceae. Bo Bcex pomax, kpome Peltigera, Moryt
peryJisipHO OOHApYyXMBaThCsl aJBTEPHAPUOJI, CTEPUTMATOLMCTUH, MUKOMEHO0Bas KUCIOTa, LUTPUHUH,
LIMKJIOMMA30HOBask KMCJI0Ta U BMOJUH ¢ coaepxkaHueM 6osee 1000 Hr/T, T.e. 0.0001%. O6cyxmaeTcs HEOOX0-
JIMMOCTb KOHTPOJISI 6€30TTaCHOCTH TpernapaToB Ha OCHOBE SKCTPAKTUBHBIX BEIIECTB JIMIIAHHUKOB.

DOI: 10.7868/50555109913050036

JIvmmaitHuK — pa3HooOpa3Hble OpraHU3MBbI, IUIOT-
HO 3acesIsIIoNiye MPakKTUISeCKU BCIO ITOBEPXHOCTH CY-
1, OBUIM M OCTAlOTCSI 00BEKTOM MHTEpeca OMOJIOrH-
YecKOil HayKud. DTO BO MHOTOM CBSI3aHO C TE€M, YTO
MPOAYKTHI UX META00JIM3Ma, BO3HUKAIOIIIUE KaK CJIeI-
CTBHE CUMOMOTHUYECKO CBSI3 MUKOOMOHTA, BOJOPOC-
JIelt u/vmy maHoOaKTepuii, 00JIamaroT BaXKHBIMM IS
yeJIoBeKa cBoiicTBaMM. Ha paHHUX aTamnax ucciaenoBa-
HUIl JIJ1 JTAIIAWHUKOBBIX BEIIECTB, CPEAU KOTOPBIX
ObUIM aTdaTUIECKIE COSANHEHWS, TPUTEPIICHBI, 1~
OeH3odypaHbl, IeCUIbI, JEIICUAOHBI, AHTPAXMHOHEI,
OBLT OOHAPY>KEH INPOKUI CIIEKTP aHTUOMOTUIECKOTO
JIeicTBUsI, BKJIIOYast (PyHTMCTAaTUYECKUIA, IIPOTUBO-
MMKPOOHBII U MMPOTUBOBUPYCHBIN 3hdexThl. Hampu-
mep, mumaiHukK Cetraria islandica, N3BeCTHBIN TaK Xe
KaK UCIaHICKUI MOX, ObLT OTHECEH K (hapMaKOJIOI M-
YecKH 3HaYMMBbIM, BBeaeH B PapMakorien psiga rocy-
napcTtB, B ToM uuciie B CCCP, u sBisieTcs Jiekap-
CTBEHHBIM ChIPbEM.

HemaBHo B jumiaiiHMKax oOHapy:KeHa TpyIiia
CTPYKTYPHO Pa3IMIHBIX HU3KOMOJIEKYJISIPHBIX (DM310-
JIOTUYECKM aKTMBHBIX BEIIECTB, OMOCHMHTE3 KOTOPHIX
peanu3yeTcsi CBOOOMHO KUBYIIMMM MUKPOCKOIHYE-
CKUMU rpubamu, IIaBHbIM 00pa3oM, ponoB Aspergillus,
Penicillium, Alternaria w Fusarium [1, 2]. D™1 metabo-
JINTHI — MUKOTOKCUHEBI — IIPY HOITaJIaHU1 B OPraHu3M
YeJIOBeKa M SKMBOTHBIX C IMILEH WIK KOPMAaMU MOTYT
OKa3bIBaTh IMOBpeEKaalollee AeiCTBUE — UHTUOUPYIOT
CUHTe3 OejiKa, HapyllaloT IIPOHUIIAEMOCTh COCYIOB,
YTHETAIOT PEINpOAYKTUBHBIE (PYHKIMUU U TIOAABISIOT
MMMYHUTET, a TaKXKe MMEIOT 0CO0O0 OIacHbIe (pOpMbI
JIECTBYS C OTIAJCHHBLIMM IIOCJIENCTBUSIMU, TaKue,
KaK KaHIIEPOIr€HHOCTh 1 TeHOTOKCUYHOCTD, BKJIIOYast
MYTareHHYIO M TEpaTOr€HHYIO aKTUBHOCTS |3, 4]. Pe-
TYJISIPHBIA XapaKTep BCTPEYaeMOCTU MUKOTOKCUHOB
y TIpelcTaBUTEeNei JTUIAaHUKOB Pa3HbIX TaKCOHO-
MHWUYECKUX T'PYIIIT U MECT OOUTaHU [5] yKa3bIBaeT Ha

CYIIECTBOBAaHME B BTUX OpraHM3Max YCTOMYMBOTO
MeTaboudeckoro (hoHa, oOYCIOBJIEHHOTO UX TMPU-
CYTCTBUEM.

B nocnegHue ronbl Bo3pacTtaeT MHTEpEC K JIU-
maiiHUKaM KaK MCTOYHMKAM BEIIECTB C IIPOTUBO-
OITyXOJIEBOM U MMMYHOTPOIIHOM aKTUBHOCTHIO, a
TaKXe BEIIeCTB, BAMUSIIOIIMX HA MEXaHU3Mbl pery-
JISIUMU XXKHUPOBOTO OOMEHA, OKMCIMUTEJbHbIE TPO-
1IeCChl, pereHepaluio 3MUTeNUaIbHbIX KIeTOK. B
MX YMCJie 0Ka3aJIMCh HEe TOJIbKO PeIKO OOHApYKMBa-
eMble BEelleCTBa — y OTIAEJbHBIX BUJAOB WU JaXe Y
reorpa@uyecKy JOKaJIM30BaHHBIX TPYIII [6], HO U TH-
MUYHBIE [IJIS MHOTUX POJOB, HANpUMEp JUXEHaH —
MHEWHbI B-D rmokaH, IMPoOKo pacipocTpaHeH-
HBII B IMIIaliHUKax ceMeiicTBa Parmeliaceae u siBnisi-
IOIIUICA CTPYKTYPHBIM KOMITOHEHTOM KJIETOYHBIX
CTEHOK MUKOCUMOUOHTA [7, 8]. Ycrexu aToro HarpaB-
JIeHUs TIoMcKa, 0e3yCJI0BHO, OTKPBIBAIOT IIWPOKUE
MePCIIeKTUBbI TPUMEHEHUSI HOBBIX HOCUTENe hu-
3UOJIOTUYECKU aKTUBHBIX BEIIECTB B AMETOJOTUMH,
KOCMETOJIOTMHU U TIpouakTuueckKoit Mmenuuuxe. Om-
HaKoO P pa3paboTKe JedeOHbIX, KOPPEKTUPYIOLIUX U
MpoUIAKTUYECKUX CPEICTB BaXKHO UMETh BO3MOX-
HOCTh OOOCHOBAHHOTO BEIOOpa 0MOOOBEKTa, YTOOBI
rapaHTUpOBaTh O€30MaCHOCTb €T0 MPUMEHEHUS.

Ilenb paboThl — cpaBHUTEIbHAS OLIEHKA YaCTOThI
BCTPEYAEMOCTA MUKOTOKCUHOB U YPOBHEW UX Ha-
KOIUIEHU B JIMILIAMHUKAX pa3HON pOLOBONA MpUHA/I-
JIEXKHOCTH.

METOJINKA

HMccnenoBaHue BBIITOJHEHO Ha 78 BUaaxX JMIIAM -
HUKOB, OTHOCImMxcsl K 15 pomaM cemMeicTBa
Parmeliaceae u 5 pomam cemeiictB Cladoniaceae,
Nephromataceae, Peltigeraceae, Teloschistaceae u
Unmbilicariaceae. Coopbl 00pa31ioB MPOBEACHEI C pa3-
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HBIX cyocTpaToB B JieTHMe ce30HBl 2010—2012 1T Ha
Tepputopusix EBporeiickoii yactu Poccuu, B Cubupu
u Ha JlanbHem Boctoke (Pecnyonuku Kapenus, Ko-
mu, Caxa (SIkyrust), KpacHosipckuit u [Tpumopckuii
Kpasi, MypmaHckasi, JIeHuHrpaackass, MocKoBcKas,
Bnagumupckasi, TBepckasa, TiomMeHcKasi, AMypckasi,
ActpaxaHckasi, KamuaTckas 06;1acTh), OTaeIbHbIE 00-
pasiibl 6bUTH TToTyYeHbl M3 HopBerun, Il Bennu, GuH-
nsHauu v Typuuu. OnpeaeneHre BUAOBOUM MpUHA/I -
JIEKHOCTHU JIMIIAaWHUKOB BbImojHeHO T.}O. Tommbl-
1meBol Ha kadenpe MUKOJIOTMU U aJIblOJIOTUU
ounonorndeckoro dakynerera MI'Y um. M.B. Jlomo-
HOCOBA.

CrnoeBuiia JUIIaWHUKOB WX (pparMeHTHI CI0e-
BUII[ B3BEIIMBaJIM, MOMEIIAAU B MPOOUPKY U JI0-
0aBJISLIM CMECh alleTOHUTPUIIA U BOJAbI, TPUTOTOB-
JIEHHYIO B 00beMHOM cooTHollIeHn! 84 : 16. CooTHO-
IIeHMe HaBeCKM MaTepuaja u o0beMa DKCTpareHTa
paBHsgoch 1 : 10 (Bec/o0bem). [IpoOUpKYy MHTEH-
CHUBHO BCTPpSIXMBaJIU M ocTaBastiiv Ha 12—14 4. I1o-
cJie MOBTOPHOIO BCTPSIXMBAHUSI 3KCTPaKThl pas-
OoaBisin o0ydpepom B 10 pa3 M MCHOJIBL30BaIM IJIS
HETNpsIMOTO KOHKYPEHTHOTO UMMYHOMEPMEHTHO-
ro aHanuza (MPA). KonnuecTBeHHOE oIlpeaesie-
Hue adnatokcuHa B, (AB;) T-2 tokcuna (T-2), ap-
roankaionnoB (DA), crepurmatouuctuHa (CTE),
oxpatokcuHa A (OA), popuauHa A (PoA), Muko-
denonoBoit kuciaorel (MPK), uurpununa (IHUT),
anprepHapuoia (AOQJI), seapaseHoHa (3EH), ne3ok-
cunuBaiieHona (JJOH), smonnHa (DMO), pymMoHM-
3uHOB (PYM), nuatierokcucuuprenosna (JIAC), unk-
nonuazoHoBoit kucyoThl (IIIIK), PR TokcuHa
(PR) BBINOJIHSIM C TOMOLLBIO HA0OPOB KOMMEpPYE-
CKUX U MCCJIEIOBATEeIbCKUX UMMYHOPEareHTOB U Ka-
JIMOPAHTOB OTEYECTBEHHOI'O MPOU3BOJCTBA, TMpeaHa-
3HAUEHHBIX JUIsI KOHTPOJSI OOBEKTOB PACTUTEIbLHOTO
npoucxoxaeHus [2]. HukHue ripenens! onpeacaeHUs
MUKOTOKCHHOB B BO3IYIITHO-CYXOM MaTepualje cjioe-
Bulll coctaBwiu 2 HI/T (AB;, T-2, BA), 4 ur/t (CTE),
8 °r/T (OA, PoA), 20 ur/r (M®K, LIUT, AOJI, 3EH),
40 ur/r (1IOH, ®MO), 50 ur/r (PYM) u 100 Hr/T
(IAC, LUIIK, PR).

PE3VJIBTATBI 1 X OBCYXIEHHE

YuuTeiBasgs MHOTOYMCJIEHHOCTbH IIpelCTaBUTEIESH
ceMmericTBa Parmeliaceae, B3IThIX Il MCCEeIOBaHUS
(Tab. 1), mx Heaecoobpa3HO pacCMaTpPUBaTh, YCIOB-
HO pasfensiss I10 OOIIHOCTH MOP(dOJIOTHUECKOTro
CTpOeHUS U cpeae ooutaHust. OaHa U3 HUX — 3TO JIU-
CTOBAThIEe JIUIANHUKI, OTHOCSIIMECS K ponaM Hypo-
gymnia, Parmelia, Arctoparmelia, Melanohalea n
Melanelia. Inst IepBBIX YEThIPEX POJOB YHCJIO pery-
JIIPHO TIPUCYTCTBYIOIINX MUKOTOKCMHOB BeChMa Be-
JmKo. M3 16 aHaIM3MpyeMbIX BEILIECTB B 3TUX JIU-
IaifHMKaX MPaKTUYEeCKU BCErJa WJIM OYEeHb 4YacTo
oOHapyxxuBaeTcsa Habop u3 11—12 KOMIIOHEHTOB
(tabm. 2). OgHakKO B YCTOMYMBOM M HaMpPsSKEHHOM
MeTa0oJIMYeCKOM Mpoduiie 3TUX JUIIAWHUKOB aK-
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LIEHTHI B BUJE METAa0OJUTOB C Han0oJiee BHICOKMMU
ypoBHSIMU conaepxkaHust (6onee 1000 Hr/T) BbIpaxe-
HbI y polIoB TMo-pa3HoMmy. Tak, y Hypogymnia — 310
M®K u DMO, Parmelia — DMO, UI1K, Arctoparme-
lia — IIUT, DMO, a B Melanohalea — PR. Melanelia
IO HACKHIIIEHHOCTM MMWKOTOKCMHAMM YCTYMaeT
OCTaJIbHBIM, B HEM PETYJISIPHO BCTPEYAIOTCSI TOJIBKO
5 KOMIIOHEHTOB, Cpelu KOTOPHIX IpeodaamaeT OMO.

B numaitHukax ponos Platismatia v Vulpicida,
OOUTAIONIVX TIPEUMYIIIECTBEHHO HA BETKAX U CTBOJIaX
JE€PEBLEB, IPN COXpaHCHUM MHOIOKOMITOHECHTHOCTHU
TMOCTOSTHHBIMU SIBJISTIOTCSI TOJIbKO 6—7 BEIECTB, a y
HA3eMHbBIX JINCTOBATO-KYCTUCTHIX JTUIIAHUKOB Ce-
traria n ocobeHHo Flavocetraria 3TOT IpU3HAaK BBIpa-
JKEH ellle B MeHbllIel cterneHu. Hanboubie ypoBHU
HAKOIJICHUS 10 CPaBHEHUIO C APYTMMU MUKOTOKCH-
HaMM BO BCEX 3THMX CJIydasgx CBOWCTBeHHHI DMO
(Tabi. 2).

BnuuTHBIE KYCTUCTBIC JTUIIAWHUKNA 10 MHOT000-
pa3uio KOMITOHEHTOB PAaCITOIAraloTCs B PSIIT IO POIIaM:
Alectoria, Evernia > Pseudevernia, Usnea > Letharia >
> Bryoria (Tabn. 2). Ilpu 3TOM mpakKTUYEeCKH y BCeEX,
KaK M y paHee pacCCMOTPEHHBIX, TT0 MHTEHCUBHOCTH
HaKOIUJIEHUSI CpeAy MMKOTOKCUHOB JIOMUHHUPYET
OMO u Tonbko y Letharia — JAC.

Cpenu npeacraBuTesIeii Ipyrux ceMeicTB (Tad. 3)
JIMIIAWHUKY p. Nephroma nMeioT HauOOoJIbIIIYIO HACHI -
ILEHHOCTh MUKOTOKCUHAMU — 8 PEryJIsIpHO COAEp-
KaIIMxcss KOMITIOHEHTOB, 3a HUM ciaenyrot Umbili-
caria — 6, Cladonia — 5 1 TOABKO 3 KOMIIOHEHTA — Y
Peltigera u Xanthoria — CTE, AOJI, MO (ta61. 4).
Kazknplit 13 3TUX pOIOB UMEET CBOU OCOOEHHOCTU B
HAKOIUJICHUU PETYJISIPHO BCTPEYaloIIUXCsl BEIISCTB.
Tak, ypoBHu Bbilie 1000 Hr/r umeror B Nephroma
OMO, MOK, Umbilicaria — DMO, AOJI, Cladonia —
OMO. JIuwmb y ipeacraButesieit Peltigera 3HauUUTE b~
HBIX YPOBHE HAKOIUIEHUS] MUKOTOKCUHOB He yCTa-
HoBjeHO. JInmatnuku Xanthoria oOTIMYaOTCS Kpai-
HE BBICOKMM HakorieHueM OMO He TOJIbKO MO OT-
HOILIEHUIO K OCTaJIbHBIM TPUCYTCTBYIOIIMM B HMX
MUKOTOKCUHAM, HO U B CpaBHEHUU C IPYTUMU JIH-
maitanukamu. CpenHee comepzkanue DMO, paccum-
TaHHOE TI0 BbIOOpKe U3 124 o6pasloB Xanthoria u3
pa3HBIX MecT obutaHus, cocrasisgeT 30900 Hr/r
(Tab1. 4), mpuOMKEHHBIE K 3TOMY ITOKa3aTeIu BbI-
SIBJICHbl TOJIBKO Y MpeAcTaBUTeNeid pomoB Arcto-
parmelia (15950 ur/r) u Pseudevernia (15800 Hr/T),
XOTSI M HA TOPa3I0 MEHbBIINX BEIOOPKaX.

Takum oOpa3om, B OOJIBIIMHCTBE UCCIASTOBAHHBIX
JINIIIAMHUKOB B KOJUYECTBEHHOM OTHOIIEHUM Tpe-
obmagaer MO, otnenpHO MM B codeTaHustx ¢ AOJI,
CTE, M®K, UITK unu LHHWT. MHas cutyanusi Ha-
omonaercs Jminb y Melanohalea, tne NOMUHUPYIO-
M seiisietcst PR, n Letharia — JAC.

Y Bcex 00cyief0BaHHBIX POJIOB JIMIIIAWHUKOB C BbI-
COKOM yactoroii BcTpedatorcss DMO (89—100%),
AOIJI (79—100%), CTE (76—100%, kpome Bryoria —
12%), M@K (89—100%, kpome Peltigera — 52% n
Ne 5
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Taoauma 1. TakcoHOMMYeCKas MPUHAMIEXHOCTh UCCEA0BAHHBIX JIUIIARHUKOB ceMeiicTBa Parmeliaceae

Pon Bun 1 yncio o6pa3mnoB
Alectoria A. ochroleuca (Hoffm.) Massal. — 17, A. sarmentosa (Ach.) Ach.) — 26
Arctoparmelia A. centrifuga (L.) Hale — 19, A. separata (Th.Fr.) Hale — 5
Bryoria B. capillaris (Ach.) Brodo et D. Hawksw. — 20,
B. chalybeiformis (L.) Brodo et D. Hawksw. — 18,
B. fremontii (Tuck.) Brodo et D. Hawksw. — 1,
B. furcellata (Fr.) Brodo et D.Hawksw. — 1,
B. fuscescens (Gyeln.) Brodo et D. Hawksw. — 18,
B. implexa (Hoffm.) Brodo et D. Hawksw. — 10,
B. lanestris (Ach.) Brodo et D. Hawksw. — 2,
B. nadvornikiana (Gyeln.) Brodo et D. Hawksw. — 2,
B. simplicior (Vain.) Brodo et D. Hawksw. — 4,
B. subcana (Nyl. ex Stizenb) Brodo et D. Hawksw. — 10
Cetraria C. islandica (L.) Ach. — 95, C. laevigata Rassad. — 15
Evernia E. mesomorpha Nyl. — 52, E. prunastri (L.)Ach. — 53
Flavocetraria F. cucullata (Bellardi) Randl. et Saag — 28, F. nivalis (L.) Randl. et Saag — 52
Hypogymnia H. farinacea Zopf — 1, H. physodes (L.) Nyl. — 112, H. tubulosa (Schaer.) Hav. — 1
Letharia L. vulpina (L.) Hue. — 5
Melanelia M. hepatizon (Ach.) Thell. — 14
Melanohalea M. exasperata (DeNot.) O. Blanco et al. — 7,
M. olivacea (DeNot.) O. Blanco et al. — 30,
M. septentrionalis (DeNot.) O. Blanco et al. — 10
Parmelia P. saxatilis (L.) Ach. — 48, P. sulcata Taylor — 56
Platismatia P. glauca (L.) W.L. Culb. et C.E Culb. — 52
Pseudevernia P. furfuracea (L.) Zopf. — 14
Usnea U. subfloridana Stirt. — 17, U. dasypoga (Ach.)Nyl. — 20,
U. hirta (L.) Wigg. emend. Mot. — 18,
U. lapponica Vainio — 4
Vulpicida V. pinastri (Scop.) J.-E. Mattson et M.J. Lai — 27

Xanthoria —27%) u UUT (78—100%, xpome Cetraria —
42%, Flavocetraria — 45% ., Platismatia — 56% ., Cladonia —
54%, Peltigera — 28%, Xanthoria — 27%). LIT1K 06-
Hapy>XUBaeTCsl y TpeacTaBuTeNeii ponoB Hypogym-
nia, Parmelia, Melanohalea, Vulpicida, Cetraria,
Evernia, Letharia, Nephroma u Umbilicaria ¢ 4acto-
Toit 77—100%, OTCYTCTBYET WUIV BCTpedyaeTcst Kpaii-
He penko B Arctoparmelia, Flavocetraria v BbISIBASIET-
CS1 'y OCTaJIbHBIX C YacTOTOM 15—47%.

MUKOTOKCHUHEBI, KOTOPBIE YaCTO BCTPEYAIOTCS B JI -
IIaifHUKaX M MOTYT HaKaruiuBaThCsl B KOJIMYECTBAX,
om3kux 10000 ur/r (mam 0.001% x cyxomy maTepua-
JIy), M3BECTHBI KaK MeTa0OJIUThl CBOOOTHO XXMBYIIINX
MUKPOCKOITUUYECKUX IPUOOB, IJTaBHBIM 00pa3oM, MpU-
Hamexamux popam Penicillium, Aspergillus (CTE,
M®K, UI1K, LIUT, PR), Alternatia (AOJI) u Fusarium
(IAC). B1u rpubbl cIOCOOHBI aKTUBHO Pa3BUBATHCS
MPaKTUYECKU Ha JIIOOBIX TPUPOTHBIX CYOCTpaTax v IpH1

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

MHOTO00pa3nM YCJIOBUIA OKpY>Karoleit cpenbl (Ha BO3-
JlyXe, B aHa?POOHBIX YCIOBUSIX, B IIIMPOKOM AUaria3o-
HE TeMmmepaTyp M BiaxHocTH). OIMcaHBl ciydau
OTPAaBJICHUI CEJIbCKOXO3IMCTBEHHBIX KMBOTHBIX U
ntuubl CTE npu nmorpeGieHUM KOHTAMUHUPOBAH-
HbIX KOPMOB, HedporaTysi CBUHEN U TITULIBI, 3TUO-
JIOTMIecKNM (PaKTOpOM KOTopoii, Hapsmy ¢ OA, cum-
TatoT LIMUT, BeicoKasi TOKCUYHOCTD in Vifro TIOKa3aHa
st LITTK u AOJI [9]. 11st TOKCUHOB TPYITITBI TPUXO-
Tel-9-eHoB, K KoTtopoit otHocsiTes JAC u T-2, us-
BECTHA BBICOKAas CTeIIeHb AepMaToTOKCUIHOCTH [10].
B cBs131 ¢ 0ITacHOCTHI0 MUKOTOKCHHOB IS YeJIOBeKa
M XVUBOTHBIX B TTOCJIEAHUE JECATUICTUSI HAyKOU ObLIN
MIPEATNTPUHSITHI HACTOMYMBBIE YCUJTUS TIO UASHTU(MKA-
M TOKCUTE€HHBIX MHUKpomuileToB. OKazanioch, 4TO
TOKCMHOOOpa30BaHUE Y 3TUX I'PUOOB B OOJIHIITMHCTBE
CITy4aeB SIBISIETCS BUIOCTICITU(DUYHBIM, OMpPEACICHBI
BUJIBI, 00JIaaIONINe BEICOKMM U YCTOMYUBBIM TOKCH-
Ne 5
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Tﬂﬁ.]'l](ll.la 3. TakcoHOMMUYECKAST IIPUHAAJIC)KHOCTDb UCCIIEA0OBAHHBIX JIAIIAAHUKOB APpyrux CEMEUCTB

CemeiicTBO, pon

Bug u uncio o6pasLos

Cladoniaceae, p. Cladonia

C. arbuscula (Wallr.) Flot. — 31, C. amaurocraea (Florke) Schaerer — 13,
C. bellidiflora (Ach.) Schaer. — 4, C. botrites (K.Hagen) — 2,

C. cenotea (Ach.) Schaer — 9, C. coccifera (L.) Willd. — 3, C. cornuta (L.) Hoffm. — 33,
C. crispata (Ach.) Flot. — 6, C. deformis (L.) Hoffm. — 13, C. fimbriata (L.) Fr. — 5,

C. furcata (Huds.) Schrad. — 10, C. gonecha (Ach.) — 2, C. maxima (Asah.) — 5,

C. mitis Sandst. — 9, C. pleurota (Florke) Schaerer — 6, C. rangiferina (L.) EH. Wigg. — 41,
C. rangiformis Hoffm. — 3, C. rei Schaer. — 2, C. squamosa (Scop.) Hoffm. — 2,

C. stellaris (Opiz) Pouz et Vézda — 24, C. subulata (L.) Wigg. — 6,
C. sulphurina (Michx.) Fr. — 30

Nephromataceae, p. Nephroma

N. arcticum (L.) Torss. — 42

Peltigeraceae, p. Peltigera

P. aphthosa (L.) Willd. — 47, P. canina (L.) Willd. — 35,

P. didactyla (With.) J.R. Laundon — 8, P. horizontalis (Huds.) — 5,

P. leucophlebia (Nyl.) Gyeln. — 5, P. malacea (Ach.) Funk. — 4,

P. neopolydactyla Neck. — 14, P. polydactyla (Neck.) — 21,

P. praetextata (Florke ex Sommerf.) — 14, P. rufescens (Weiss) — 6, P. scabrosa Th.Fr. — 19

Umbilicariaceae, p. Umbilicaria

U. deusta (L.) Baumg. — 7, U. hyperborea (Ach.) Hoffm. — 10,
U. polyphylla (L.) Baumg. — 2, U. proboscidea (L.) Schrad. — 9,
U. torrefacta (Lightf.) Schrad. — 7

Teloschistaceae, p. Xanthoria

X. candelaria (L.) Th. — 10, X. parietina (L.) Th. Fr. — 114

T€HHBIM NOTEHUMAIOM. TakK, aKTUBHBIMU MPOAYLIEH-
tamu CTE apnstiorest Aspergillus nidulans v A. versicolor,
M®K — Penicillium brevi-compactum, PR — P. roque-
forti [11]. B OoTHOILIEHUM OCTAJIbHBIX MHUKOTOKCHUHOB
COCTaBJICHBI TIEPEYHM TTPOAYLIMPYIOLINX BUIOB, HO TO-
HCK HauboJiee aKTUBHbBIX CPeId HUX elle He 3aBEPIIIECH.
Crenyer OTMETUTD, YTO /ISl OTAEJbHBIX BUIOB TPUOOB
yCTaHOBJIEHA CITOCOOHOCTb B OIpeIeJIeHHBIX YCIIOBU -
SIX CUHTE3UpOBaThb HE OJWH, a JABa MeTaboauTa U3
9ToM rpynmnsl, Harpumep P. viridicatum (OA + 1TUT)
[12], P. roqueforti (PR + M®K) [13]. bouiee Toro, nis
OA n LIWUT moxkazaHO CMHEpPrudecKoe ACHCTBUE Ha
OpTraHMN3M TEIUIOKPOBHBIX, B KoTopoM LIMUT BBICTY-
naet B kKauyecTBe 6uoaktuBaropa OA [14]. DakT ya-
CTOr0 COBMECTHOTO MPUCYTCTBHUS 3TUX HE(DPOTOKCH-
HOB MOKa3aH HeIaBHO /ISl Pa3HbIX BUIOB arpornpo-
nykiuu [15]. MIHTepecHO, 4TO W B JUIIAAHUKAX
TakXXe HEepelKu cilyyald OAWHAKOBO YacTOrO COB-
mecTtHOoro ooHapyxeHust OA u LIUT — manmpumep B
Hypogymnia n Pseudevernia (Ta6i. 2).

JOMUHUPYIOLINIA IO CTeTIeHW HAKOTUIEHUS CpeIun
JIPYTrUX MUKOTOKCUHOB — OMO, obJiagaolmnii jua-
pEeHBIM AEMCTBUEM Ha TEIUIOKPOBHLIX, paHee ObLI
HaliJIcH B COCTaBe aHTPAXMHOHOB JIMIITAITHUKOB Asa-
hinea chrysantha [16], Cetraria cucullata [17], a Takxke
Xanthoria aureola n X. ulophyloides [18] n3 MaragaH-
CKO#1 06J1acTH, HO, K COXAaJIEHUIO, YPOBEHb €T0 CO-
Jlep>KaHUs B pacyeTe Ha BeC Marepualia B 3TMX pabo-
Tax He yKa3aH.

®axT 10CcTaTOYHO IMPOKOIT BcTpeuaemocTu MPOK
Kak coBMecTHO ¢ PR (B 1mcToBaThIX TUIIATHUKAX PO-
noB Hypogymnia, Parmelia, Arctoparmelia, Melano-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

halea), TaK 1 OTIEIBLHO, 3aC/Ty>KMBaeT 0COOOr0 BHUMA-
HUSI B CBSI3U C BBIPAXKEHHOM MMMYHOICIIPECCUBHOM
AaKTUBHOCTBIO 3TOro BemiectBa. M®K mcnonb3yeTcst
MpHY aJUJIOT€HHBIX TPAHCIUIAHTALIUSX M UMEET IMPEeruMy-
11IeCTBa B CPaBHEHUU C OCTAJIbHBIMU UMMYHO/ETpec-
CaHTaMHM M3-3a OTCYTCTBHUS y HETO MYTareHHOIO Jeii-
ctBus [19]. Bpsia a1 MOXXHO cUMTaTh JIMIIAHHUKI BO3-
MOXHBIM MCTOYHUKOM ITOJyYEHMSI 3TOTO BEIECTBa,
MOCKOJIBKY CJTydar BBICOKOIO HAKOIUICHUS PEIKU, U
ono He gocturaet 10000 ur/r, T.e. 0.001%, 7900 Hr/T —
y npeacraButeneit Hypogymnia n 5012 Hr/t — Nephro-
ma). Tem He MeHee B ciTy4yae MCIIOJIb30BaHUs B JIeueO-
HBIX LIEJISIX JTUIIAMHMUKOB, B KOTOPBIX IO YCPEAHEHHOMN
OlIEHKE YpoBeHb coaepkaHust M®PK mocTaTouyHO BBI-
cok — Hypogymnia, Arctoparmelia, Alectoria, Nephro-
ma, 3T0 OOCTOSITEIbCTBO, HECOMHEHHO, CIIeAyeT YIu-
ThIBATb.

ITo cBoeif TOKCUKOJIOTUYECKON 3HAYMMOCTH (Py-
3apuotokcuHbel — T-2, JIOH, 3EH, ®YM, a Takxke
AB,;, OA 1 DA gBHO ycTynalT paCCMOTPEHHBIM BbI-
1IIe, TIOCKOJIBKY BBISIBIISTIOTCSI B MaJIbIX KOJTMYECTBAX,
WHOTIa — y Tpenesia onpeaeeHns] MeToaa, 1M, Kak
npaBuio, peako. OagHaAKO BHUMaHMS 3acyXXMBaeT
TO, yTO AB, 0OHapyXuBaeTcs y npencraBuTesneit Arc-
toparmelia ¢ 4actotoii 54%, OA — o4eHb 4acTO B pO-
nax Pseudevernia (93%), Hypogymnia (89%) n Neph-
roma (88%), DA — Pseudevernia (70%), Parmelia
(53%) n Arctoparmelia (50%), T-2 — Arctoparmelia
(79%), Platismatia (67%), Evernia (58%), Melano-
halea (51%) (ta6:. 2). 3EH noBceMeCcTHO U B ropasio
OOJIBIITMX KOJIMIECTBAX B CPABHEHUH C OCTAJIBHBIMH
podaMy HaXOAUWTCS B JIMIIAHUKaX poaoB Hypogym-
Ne 5
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Taomuma 4. Yacrora BcTpewaeMocty (%) M coaepkaHre MUKOTOKCHMHOB (MUH.—CpPeIH.—MaKcC., HT/T) B JIMIIAWHUKAX

JIPYTUX POJIOB
MUKOTOKCHHEL Nephroma Umbilicaria Cladonia Peltigera Xanthoria
(n=42) (n=135) (n=1269) (n=178) (n=124)
AB, 2 — 1 — -
3 3
T-2 40 — 2 6 1
3-7-11 4 2-4-6 8
DA 40 — 16 13 20
3-6-33 2-18-56 2-14-112 2-11-24
CTE 100 100 88 88 77
56-480-1480 19-145-500 8-145-890 4-300-1450 8-48-200
OA 31 20 11 6 17
8-9-10 8-10-12 8-12-25 8-9-12 8-9-24
PoA - — - — -
MOK 100 100 94 52 27
700-1770-5010 62-205-555 20-120-775 20-40-160 20-53-155
ouT 100 97 54 28 27
32-90-345 25-150-500 20-105-920 20-52-200 31-95-240
AOJI 100 100 88 87 792
130-555-2600 230-2060-5890 20-585-4200 20-235-1330 5-105-630
3EH 88 11 25 11 2
26-67-150 20-59-105 20-38-90 20-58-315 40
JOH 28 9 11 2 1
80-215-400 80 50-190-1950 50-72-100 160
OMO 100 100 97 89 100
1070-5330-23380 420-7310-27990 | 40-1180-12600 40-285-3050 |7080-30900-94500
dYM - - — 3100-152-305 -
OAC 100 6 56 14 5
110-280-780 195 100-200-515 100-125-400 100-210-380
LI1K 100 86 33 32 22
140-420-1230 125-265-600 100-225-740 100-540-1550 130-325-640
PR 21 — 121 3 1
100-115-195 05-215-570 155-270-500 135

nia 1 Parmelia, nna ®YM oTMedeHa BBICOKAsI CTe-
neHb ooHapyxxeHust B Hypogymnia (95%) n Pseude-
vernia (93%), a nnst JOH — B Hypogymnia (97%) n
Melanohalea (85%). Dth bakThl HY>KTAIOTCS B TaJTh-
HeHIIeM N3y4YeHNU U 00bsiIcHeHUM. OHU TaKKe UMe-
0T OoJIbllIOe 3HAYeHWe MJIsl Hajiexallell OLIEHKU
OMNACHOCTU, CBI3aHHOI ¢ MHOTOKOMIIOHEHTHBIM Xa-
paKTepOM HAKOIUJIEHUSI MUKOTOKCUHOB, KOTJA TOK-
cudeckue 3(p@EeKTHl OJHOTO MeTadoauTa MOTYT
YCUJIUBATh HETATUBHOE NEMCTBUE IPYTUX.

Bormpoc o nmpoucxoxXaeHU MUKOTOKCHHOB B JIU-
IIAfHUKAX OCTaeTCSl MOKa OTKPBITHIM. 3acelicHUue
3TUX OPTAHNU3MOB MUKPOCKOITMYECKMMU TPHUOaMU 10~
Ka3aHO YK€ HECKOJIbKMMMU IpyIIiaMU UccieaoBaTeaei

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

[20—23]. HemaBHO 3HaYNTEIILHOE MHOTOOOpa3ne SH-
ITO(PUTHBIX TPUOOB IMTOATBEPXKASHO B pabdOTe Ha CiI0e-
BHUIIAX JIMITAHUKOB 8 POJIOB, OOUTAIOIINX B apKTU-
JecKolt bopeaibHOM, YMEPEHHOU U TPOTTMYECKOM 30-
Hax Ha cTBoyiax nepeBbeB (Lobaria scrobiculata), B
accoumaiusx ¢ opuoduramu (12 Bunos p. Peltigera n
Nephroma arcticum) v Ha BanyHax (Umbilicaria mam-
mulata) [24]. OnHaKo NpSIMOI CBI3U 3HIOJUIIANHN-
KOBBIX I'PUOOB ¢ TIPOAYLIMPOBAHUEM TOKCUYHBIX MeTa-
OOJIMTOB TOKa HE yCTaHOBJICHO. HeJib3s MOJHOCTBIO
WUCKJII0YaTh U BO3MOXKHOCTh TOTO, UTO JIMXEHU3UPO-
BaHHBIN Ipr0 (ACKOMMIIET) MOXKET MMETh OMOCHHTE-
TUYECKUE MEXaHU3MBbl, CBOMCTBEHHbIE CBOOOTHO XK1~
BYIIIUM TI'pubaM. B To ke BpeMs1 TpyaIHO MpeaCcTaBUTh
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cebe, YTOOBI OMMH OpPraHM3M 00J1a/1a/T COBOKYITHOCTEIO
BO3MOXHOCTEI, KOTOpPbIe B CBOOOIHOM CYIIIECTBOBA-
HUW UMEIOT TpUOBI, OTHOCSIIINECS HE TOJILKO K pa3-
HBIM poAaM, HO U BUIAM.

KoHeuHo, TMIMAaiiHUKN ¢ OMOXUMHWYIECKON TOUKH
3peHMsI OpraHU30BaHbl Ype3BbIYaiiHO CI0XKHO. [1po-
IYKTbl BTOPUYHOTO OOMEHA IIPEACTaBIeHbI B HUX
COOCTBEHHBIMU METa0O0IUTaMU JTUXCHU3UPOBAHHOIO
rpuda, GMKOOMOHTA U BEILIECTBAMU, CUHTE3 KOTOPBIX
OCYIIECTBJISIETCSI COOCTBEHHO cuMOuoHTOoM. K Ha-
CTOSIIIIEMY BpEMEHU IyTH OMOCHHTE3a IBHO 0003Ha-
YECHBI TOJIBKO IJId YaCTH 9TUX BEIIECTB, I'TaBHbBIM 06-
pa3oM, IJIsI TeX, YTO IIPUCYTCTBYIOT B 3HAYUTEJILHBIX
KOJIMYeCTBaxX. B oTHOIIEHMM ApPYyrux II0Ka OCTaeTcCs
MHOTr0 HesicHoro. nddepeHInpoBaTh MPOUCXOKIC-
HUE MeTabOJIUTOB B OpraHU3Me JIMIIAfHNKA He yaaeT-
cs1. ITombITKM BEISICHUTB 3TO HA M30JIMPOBAHHBIX (h1i-
KOOMOHTaX MU MUKOOMOHTaX JalOT TOJIbKO TMIIOTE3bI,
MOCKOJIBKY ITPY Pa3pbIBe CUMOMOTUYECKOM CBSI3U BO3-
MOXHO HCKaXX€HHE MeTa0OoJIMYeCKOTrO IIOBEICHMSI.
TpynHocTn 1a0OPaTOPHOIO MOACIUPOBAHUST OMOXU-
MUYECKHUX IIPOLIECCOB CBSI3aHbI, KPOME TOTO, 1 C Ype3-
BBIYAMHO MEIJICHHBIM POCTOM JIMIIAWHNKOB.

Bxnan acconumpoBaHHBIX OpraHM3MOB — OaKTe-
puit, TpubOB B MeTaboJMdecKUii (pOoH CMMOMOHTA
OLICHUTH ITOKa HEBO3MOXKHO, TaK KaK HeJIb3sl 9KCTpa-
HOJMPOBaTh HA JIMIIAWHUKHN YCJIOBMS CYIIECTBOBa-
HHSI MUKPOMMIIETOB B CBOOOIHOM cpene. Korna peus
WJET O BHICOKMX YPOBHSIX HAaKOILJIEHUS MUKOTOKCHU-
HOB, HEOOXOIMMO MMETh B BUIY HE TOJHKO 3HAUYM-
TEJIBbHYIO MPOAOIKUTEIBHOCTh KM3HEHHOIO I1IMKJIa
JIMIIAAHUKOB, HO M UX YHUKAJIbHYIO CIIOCOOHOCTh K
KOHCepBalMM 3TUX BellecTB. HegaBHO ObLIO 0OHAa-
PYX€HO, 4TO B TrepOapuiiHbIX oOpa3lax Jaxe Mociie
100-1eTHero XxpaHeH!sI MUKOTOKCUHBI COAEPKATCS B
KOJIMYECTBAX, COIMMOCTABUMEBIX C HaliIcHHbIMU B CBE-
XecobpanHoM Mmarepuaie [25]. Takum oOpaszom, c
OJHOM CTOPOHBI, BO3MOXHA aKTHUBalLMsI TOKCMHOO0-
pa3oBaHUsI TPUOOB B OCOOBIX YCJIOBUSIX OOUTAHUS
BHYTPM JIMIIAHUKA, a C IPYTrOi, CKIIOHHOCTh K CO-
XpPaHHOCTHY MPOAYKTOB UX METa00JIM3Ma B 3TOM JIJIU -
TeJIbHO >KUBYIIIEM OpraHu3Me.

B nuteparype HepeaKo MOXHO BCTPETUTH COO0-
LIEHUSI O TOM, YTO HEKOTOPbIC METAOOIUTHI B TUIIIAN -
HUKaX UMEIOT MMOBCEMECTHYIO WY BEChMa IIUPOKYIO
pacnpoCTPaHEHHOCTh, a IPpYyrue CBOMCTBEHHBI TOJIb-
KO HEOOJIbIINM TPYyINaM M OTAEAbHBIM BUIAM WU
CBSI3aHBI ¢ UX reorpadruecKoi JJoKkanu3anuei. Bpsa
JIM TaKue CYXIEHUS MOXHO IIPU3HATh OOOCHOBAH-
HBIMM TIpY OTPaHWYEHHBIX apeajiax o0CIeAOBaHUs U
OTCYTCTBUM METOIOJOTUN W30MpaTeITbHOTO CKPUH-
HUHTOBOTO aHaju3a 3TuX BellecTB. [locne HarpaB-
JIEHHOTO TOUCKA C MOMOIIbIO COBPEMEHHBIX METOIOB
KapTUHA MOXET OKa3aThCsl COBeplIeHHO MHoM. Ha-
npuMep, HegaBHO ¢ momolnbio Metoga MDA ycra-
HOBJICH (paKT MOBCEMECTHOI BCTPEYAEMOCTU YCHU-
HOBOI1 KMCJIOTBI TP BAPbUPOBAHUU YPOBHEM €€ CO-
JCpKaHUA — OT €AMHUL JO AJCCATKOB TbhICAY MKF/F

7 NPUKIAOHAA BUOXUMUA U MUKPOBHNOJIOTIUA
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(0.0002—2.6%) B nuiIallHUKAX, OTHOCSIIUXCS K
8 cemeiicTBaM [26]. [ToaTOMy KaxX bl (pakT oGHApPY-
JKEHUSI HOBOTO (PU3UOJIOTMUECK aKTUBHOIO Bellle-
CTBa B 3TUX OpraHM3Max JOJKEH CTAHOBUTLCS TIpe/l-
METOM pa3BEpPHYTOro oOCIeqoBaHUSI TpaHWUIl €ro
BCTPEYaeMOCTM W €CTECTBEHHOTO COAepXKaHUs.
MoxXHO HajesaTbCs, UTO MOJyYEeHHbIE B JaHHOU pa-
00Te CBeIEeHUsI MOMOTYT 00eCIIeunTh 3(h(HEKTUBHbBIN
KOHTPOJIb 3a UCMOJIb30BaHUEM (DapPMaKOJIOTMYECKUX
npenaparoB, 6M0J00aBOK U KOCMETUYECKUX CPEACTB
Ha OCHOBE JIMIIAWHUKOB C MO3UIIMHA MUKOTOKCUKO-
JIOTUYecKol 6e30MacHOCTH.
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Characteristics of Mycotoxin Accumulation in Lichens
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Abstract—The levels and frequencies of mycotoxin accumulation in lichens belonging to 20 genera of the
families Cladoniaceae, Nephromataceae, Parmeliaceae, Peltigeraceae, Telosshistaceae, and Umbilicari-
aceae were characterized using enzyme immunoassay. Alternariol, sterigmatocystin, mycophenolic acid, cit-
rinin, cyclopiazonic acid, and emodin were regularly detected in all genera, except for Peltigera, at an average
level of more than 1000 ng/g (i.e., 0.0001%). The necessity for the safety monitoring of drugs based on lichen
extractives is discussed.
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METOI AHAJIN3A L-APTUHUHA C UCITIOJIb3BOBAHUEM APTUHA3BI 1
© 2013r. H. E. Craciok*, I'. 3. Iaiima*, M. B. l'onuap*- **

* Unemumym ouonoeuu knemxu HAH Yikpaunot, JIveoe, 79005
** Kewrysckuil ynusepcumem, 36- 100 Koavoyuwosa, Iloavuia
e-mail: galina_gayda@yahoo.com
IMoctynuna B penakiuio 21.02.2013 .

PazpaboraH BbICOKOCENEKTUBHBIN 1 UyBCTBUTEJIbHBIN METOJT KOJTMYECTBEHHOTO orpeaeneHust L-apruHuHa
(Apr) ¢ ¢dayopecleHTHOM NeTeKIMel MpoayKTa peakiimu. MeToa OCHOBaH Ha MCMOJIb30BAaHWM apruHasbl |
TMeYeHU YeaoBeKa, BhIAEJICHHONH U3 PEKOMOMHAHTHOTO IITaMMa-TpoaylieHTa — npoxokeit Hansenula poly-
morpha, u 2,3-6yTaHIMOHMOHOOKCUMA B KaUeCTBE peareHTa Ha MOYeBUHY — MPOAYKT (hepMEHTAaTUBHOM pe-
akimu. JIMHeHbIN qrana3oH KOHIIEHTPALIMA onpeaeaeHUs ApT B KOHEUHOH peakIIMOHHO# cMecu — oT (0.2
1o 250 MxM, tipenen aerekuuu — 0.16 MkM. Arpo0ariyst HOBOro MeToa Ha oGpasiiax KoMMepUecKux dap-
MaleBTUYECKUX MPernapaToB, CoAepKalinux Apr, MPpoAeMOHCTPUPOBaa BEICOKYIO KOPPEJISILIUIO PE3YIBETaTOB
(R =1.0) c rTaHHBIMU TPOU3BOAUTEIIS U PE3yIbTaTaAMU APYTUX METOJOB OMNpenesieHus1 ApL.

DOI: 10.7868/50555109913050139

BoAbIIMHCTBO U3BECTHBIX XMMUYECKUX U (DU3U-
KO-XMMUWYECKUX METOJIOB OIpeieJIeHUsI KOHLIEHTpa-
uunu L-apruHuHa (Apr) uMmeeT psii HeIOCTAaTKOB —
HU3KYIO CEJIEKTUBHOCTb U UYYBCTBUTEIBHOCTb, BHICO-
KY10 CTOUMOCTb M CJIOXKHOCTb arrmapaTypbl (1151 pu-
3UKO-XMMUUYECKUX METOJO0B), HEIOCTAaTOYHYIO CTa-
OMIBHOCTh OMNEPAllMOHHYI0O W MPU XpaHEHUW (s
OMOCEHCOPHBIX METOZIOB). B ¢BSI3M ¢ 3TNM HeoOX0oaM-
Ma pa3paboTKa HOBBIX BbICOKOCEJIEKTUBHBIX W UyB-
CTBUTEJIbHBIX METOIOB KOJIMYECTBEHHOTO aHaJln3a
APT, B TOM YHCJIe SH3UMAaTUIYeCKUX. [lepcrieKTUBHBIMU
WHCTPYMEHTaMMU ISl pa3pabOTKU TaKUX METOJOB MO-
TYT CIY>KUThb (pepMEHTHI MeTa00IM3Ma Apr — apruHasa,
apruHUHIeUMUHAa3a, aprTMHUH-IeKapOoKcuiIas3a.

Aprunaza (K® 3.5.3.1; L-apruHuH-aMUAUHOT W/ -
poJiaza) KaTaJIu3upyeT Tuapoau3 Apr 1o L-opHuTrHa
(Opn) u MmoueBuHHL. LlnTomnasmaTuyeckast apruHasa
I meyeHun yenoBeka NMPUHUMAET HETOCPEICTBEHHOE
ydacTuhe B LIMKJIE MOYEBUHBI, a MUTOXOHAPHUAIbHAS
apruHasa Il pasznuyHbIx opraHoB (ITOYEK U 1p.), He
y4acTBY$ B LIMKJIE MOUYEBHHBI, MOIIEPXKUBAET TOMEO-
craz Apr u OpH [1—4]. UccnenoBaHus TTOCIETHUX
JIET TI0Ka3aJiu, YTO apruHasa | MoxeT ObITh TTepCreK-
TUBHBIM TIperapaToM B 3H3MMOTEpPAUU OHKOJIOTU-
YyecKHuX 3a00JieBaHMI, BbI3bIBasi TOJI0IaHUE PAKOBbBIX
KJIETOK MO ApT, B MEPBYIO O4YEPEIb, FTeNaTOKapIIHO-
MbI 1 MeJTaHOMBI [5—8]. [1J1s1 KOHTPOJISI 3a TaK1UM Jie-
YeHUEM TpeOyeTCsl TOCTOSIHHBIIA MOHUTOPUHT YPOB-
Hs1 Apr B KpoBU. [Ipyroii BaxxHoii cepoii, rae Heoo-
XOJIUMO MPOBOJAUTH aHAIU3 ApT, SIBJISIETCS MUIlIeBast
MPOMBILIJIEHHOCTb, B YaCTHOCTM BMHOIEJUE, IO-
CKOJIbKY Apr 1 MOY€BUHA B MpPOlIeCCce TEPMUUYECKOM
00paboOTKM MOPOAYKTOB 0OpasyloT B IPUCYTCTBUM
3TaHOJIa KaHIIEPOTE€HHbBIN MPOAYKT — 3TUJIKapOamar

(yperan) [9].
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B cuity BBICOKOIT CTOMMOCTHY MpeliapaTa apruHa-
3bl I, aKTyaJIbHBI TIOUCK aJIBTEPHATUBHOTO UICTOYHUKA
depmenTa 1 pa3paboTka 3(hpGHEeKTUBHON TEXHOIOTUU
€ro BbIIEJICHUSI.

B HNnuctutyte Omonorum xkinetkn HAH YkpanHbI
ObUIM TOJyYeHbl PEKOMOMHAHTHBIC JIPOKKEBbIE
LITaMMBbI-TIPOJYLIEHTHI apTUHAa3hbI | TeyeHun yenoBeka
(manmee — apruHaza), pa3paboTaHbl OITHUMAJIbHbIE
CXEMBbI TTOJTyUYeHUST BBICOKOOUYHMIIIECHHBIX CTAOMIBHBIX
npenapatoB ¢gepmenra [10—12]. Ilpenapatbl apru-
Hasbl YCIEUTHO MPUMEHSIIMCh IISI UMMOOWIN3alluu
Ha 30JIOTBIX U CepeOPsSTHBIX HAHOUYACTUIIAX, AJIST KOH-
CTpyMpOBaHUs GHoceHCcOopoB Ha Apr [13—16], a Tak-
Ke IUIs1 pa3paboTKM SH3MMAaTUYeCKOro MeTojia aHa-
Jm3a Apr co criekTpodoroMeTpruueckoii (CP) netek-
uen mpoaykTa peakiuu [17].

OnHako HeOoCTaTOYHAsI YyBCTBUTEILHOCTH pa3-
pabOTaHHBIX TIpEXAE METOAOB (Mpeaes IeTEKIIMU
Apr B aHaimzupyeMoM obpasie — 100 MkM mist CD
MeToda M IOTEHIMOMETPUYECKOTOo OMOCEHCOpa) He
MO3BOJIsIa M3MEPSATh KOHIICHTPAUIO 3TOl aMUHO-
KUCJIOTHI B peaIbHBIX 00pa31ax OMOJIOTMYECKUX KU/ -
KOCTEM.

Lleab paboThl — pa3paboTKa YyBCTBUTEIbHOIO SH-
3MMaTUYECKOI0 METO/Ia OIIpeneaeHUsT ApT, OCHOBaH-
HOTO Ha NMPUMEHEHUM apruHa3bl U 2,3-0OyTaHINOH-
MOHOOKCHMA, ¢ (hJIyOPOMETPUICCKOI perucTpaleii
MpPOAYyKTa peakiuu (MOYEBUHBI) 1 aripoOaliist HOBO-
ro MeToJia Ha obpas3uax papMalieBTUYECKUX IIperna-
paToB.

METOINKA

B xagecTBe mpomyIiieHTa apriHa3hl UCTIOTb30BATN
pekoMOMHaHTHBIM 1mTamMmMm apoxckeit NCYC 495

ks
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Kapbamun  2,3-OyranogunoHMookcuM (2E)-6yranH-2,3-n1roH-2-ceMuKapba3oH

Puc. 1. Cxema peakuuii pu orpeaesieHu Apr ¢ UCITOJIb30BaHUEM apTUHAa3bl.

Hansenula polymorpha pGAPI—HsSARG I(leuZcarl
Sc:LEU2), conepxaiuii 1ieneBoii reH HsARGI nion,
KOHTPOJIEM KOHCTUTYTUBHOTO MIPOMOTOpA IeHa TJn-
nepanpaerua-3-docdaraeruaporeHassi [10].

DepMeHT BBIIETSUTM U3 OECKIIETOYHOTO 3KCTpaKTa
ITaMMa-TIpOAyLIEHTa Y OYMIIAIM XpomaTorpadpuue-
CcKM Ha ahGUHHOM COpOEHTE ApPr-MaKpOIIOpHCTOe
crexio [12—13]. Tlpemapar depMeHTa ¢ yASTbHOM aK-
TUBHOCTBIO 600 MkMob MuH ! Mr—! 6es1ka (600 ez, /mr)
WCTIONB30BATM [IJIST pa3pabOTKKU SH3MMATUIEeCKOTo Me-
ToAa aHau3a Apr.

B pabore aHanmM3WpoBaIM CICTYIOIINE OOpa3IIhl
dapMalieBTUUECCKMX TIpernaparoB, coiaepKaliue Apr:
TuBoptuH, niponsBoacTea “IOpist @apm” (YKpaunHa),
Lurpapruanua — “Laphal Industria ” (®panuus) u
AmuHormiasMane 10% E — “Mr Brown Melzunhen
AG” (Iepmanust). Bece o6pasiibl xpanuau ripu —20°C.

PedepeHTHBIN XMMWYECKUN aHAIM3 ApI, OCHO-
BaHHBIII Ha HCIIOJb30BAaHUM 8—TUAPOKCUXUHOIMHA
[18], ocymecTBmsiim mMeTomoM mobOaBok. Onrude-
CKYIO TTIOTHOCTh MPOJYKTa peakluy perucTpupoBa-
1M Ha crekTpodoromeTpe “Shimadzu UV-1650 PC”
(Anonwust), npu 500 HM, TPOTUB KOHTPOJIBLHOTO 00-
pasiia, He comepkainiero Apr. KoHueHTpammioo Apr B
doToMeTpupyeMOM o0paslie oNpeacsIsyii 1o Kaauo-
POBOYHOMY rpaduKy.

IIpouenypy KOIW4eCTBEHHOTO aHaan3a Apr npo-
BOJIUJIU TIO cXeMe, pa3paboTaHHOU paHee IJIsT DH3U-
MaTudeckoro Metroja ¢ C® perucrpanueil IpoayKTa
[17]. B crexkistHHBIC TIpOoOMpPKM BHOCKIM 110 0.1 M
npo0, pasBeaeHHbIX 30 MM Tpuc-HCI Oydepom
(TB), pH 8.8, a mi1st KamMOPOBOUYHBIX MPOO — 1Mo 0.1 M
CTaHIapTHBIX pacTBOpoB Apr B Th ¢ KoHIeHTpams-
Mu ot 0.05 MM no 12 MM. Peakiiuio 3amyckaiu J0-
6asirearem 0.01 Mt pacTBopa apruHasbl (16.5 e, /M)
B Th. MHKYyOanmMoOHHYIO CMECh BBIICPKMBAIU IIPU
37°C B TeueHue 15 MuH, 3aTeM mobGapisuid 1.8 M

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

0.5%-Horo pactBopa 2,3-0yTaHIMOHMOHOOKCHMaA
(IMO) B Boze, 1.2 ma 3.0 M H,SO, 1 Kunsatuiau Ha
BoassHOI O0aHe 30 MuH.

OnTuMaibHBIE YCIIOBHSI peTUCTpaltum (yopec-
IEHIIMM KOHEYHOTO TPOAYKTa, B YACTHOCTH BBIOOD
JJTUHBI BOJTHBI 9MUCCUU, OCYIIECTBIISIN Ha TpruoOope
Hitachi — MPF-4 ({Ironust) ¢ Bo30y:XKneHueM IIpu
380 HM. DKCcIepMMEHTHI T10 OTTPEICJICHUIO TraIta30Ha
JIMTHEMHOCTU U CEJIEKTUBHOCTU METOJIA, a TAKXKE U3Me-
peHMe KOHIIEHTpalli Apr B ITpo6axX METOIOM CpaBHe-
HUSI CO CTaHIAPTHBIM oOpasioM [19] mpoBomwin Ha
npuodope Quantech Digital Filter Fluorometer (“Ther-
mo Scientific”, CILIA), ucrosnb3ysi CBETODUIBTPHI 1151
BO30YKIeHUs iryopecteHIUH (A = 360 HM) U IS pe-
ructpaiuu smuccuu (A = 535 Hm).

PesynbraTtel m3MepeHmit 0OpabaThIBaIM CTaTH-
ctrudyeckd. CTaTUCTUUECKYI0 00pabOTKYy ITPOBOIMIN
¢ romoliibio nmporpammsl OriginPro 8.5.

PE3VIJIBTATBI U X OBCYXIEHUE

IMpennoxeHHbIT HAMU METOJI OCHOBaH Ha ep-
MEHTaTUBHOM ruaposmnse Apr 1o OpH 1 Kapbamuaa
(I cragus peakuuu sH3uUMaThudeckas). KapGamun
MpyY MPOTrpeBaHUM B KUCJION cpelie B3aMMOIEeHCTBYET
¢ AIMO (II cramus, xummuyeckast), oopasysi IIpOIyKT
JKEJTOTO I[BeTa, KOHIIEHTPAILMIO KOTOPOIOo MOXHO
KOJIMYECTBEHHO OLIEHUTbH CIEKTPO(POTOMETPUUECKU
npu 480 M nam dayopumerpudecku npu 510 HM
[20]. KoHEeYHBIM MPOAYKTOM XMMWYECKOI peakluu
MOXeT OBITh KakK (2F)-OyraH-2,3-110H-2-ceMuKap-
0a30H, TaK U Jpyrue COeAMHEHUs], B TOM YUCTIEe 1IUK-
Juyeckue [21-23]. IIpuHUMITIMaIbHAS cxeMa Mpe-
rfojiaraeMbIX peakluii, Ha KOTOPbIX OCHOBaH METO[I
orpeneseHus Apr, peacTaBieHa Ha puc. 1.

Ha puc. 2 npeacraBieHbl CIIEKTPbI TPOIYKTOB X1~
mudeckoi peakunu JIMO ¢ pacTBopamu KapboaMuaa
pa3HOIl KOHLEHTpaluu. AOCOPOLIMOHHBI MaKCH-
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Puc. 2. Criextpsl noriomieHust (a) u ¢gpaayopecueHnu (6) MOAEIbHBIX peaKLIMOHHBIX cMeceit JIMO-MoueBUHA: KOHTPOJIb (/);
0.01 MM (2) n 0.028 MM moueBuHa (3). DayopeclieHIIUIO perucTpupoBaiu Ha npudope Hitachi — MPF-4 ¢ Bo30yxneHuem

mpu A = 380 HM.
Dygo (a) I (©)
1.6 510
Y=A+B*X
| 250F 4=
) A=666£0.11 i
1.2 A4=0.037 £0.001 200F R=0
10 B=14.5%0.25 ’
YT R=0. *0.
999 + 0.001 ol
0.8
0.6 100 |
0.4 5ok
02 1 I ]
0 1 1 ] 1 1 0Ll ! ! 1 |0’005 0‘91194[&%341115, M%l020
0 0.02 0.04 006 0.08 0.10 0 0.05 0.10 0.15 020 0.25

KapOamuia, MM

Kapbamua, MM

Puc. 3. KanudpoBouHsble rpaduky uist onpeneseHus: MOYEeBUHBI CrieKTpodoToMeTpruiYecKuM (a) u diryopumeTprudeckum (0)
meronamu. DiryopeciieHLIMIO perucTprpoBaiu Ha doopumerpe Thermo Scientific, ¢ duibrpamu Bo30yskneHust nmpu A = 360 HM

W DMUCCUM MPU A = 535 HM.

MYM MOTJIOIIEHUS OKPAIIeHOTO MPOIYKTa HAXOIUTCS
B KOPOTKOBOJTHOBOM BUIMMOMI obyract npu 480 HM
(puc. 2a), a NUK 3MUCCUM (IyOpecUeHIIUU — TIpU
510 M (puc. 20).

J1s1 onTUMU3alMY YCJIOBUI MTPOBEACHUST XUMUYE-
CKOW peakliuy 3KCHEPUMEHTAIBLHO MOAOUPAIN KOH-
neHtpauuio JIMO u BpeMsi KUMNSTYEHUST Ha XUMUYE-
CKOW CTaauy peakiyu 1Jis MoJlydeHUs] MaKCUMaJIbHOM
dayopecuenuuu [17]. Ha puc. 3 mpencraBieHbl Ka-
JIMOPOBOYHbBIE TpachUKU ONpeaeIeHUS MOYEBUHBI SH-
3MMaTUYECKMM METOJOM CO CHeKTpodOoTOMETprYe-
cKoit (puc. 3a) u dayopumerpudeckoil (puc. 30) ne-
Tekuueid mnpoaykra peakuuu JIMO-MoueBUHBI B
KOHEYHOW pEeakIIMOHHOU cMecu. MWUTMMOSIpHBIN
KO3 GUILIMEHT SKCTUHKIIUU (€) COBIAIAET IO BEJIUUM-
HE C HAaKJIOHOM JIMHWUM PErpeccuy KaJluOpOBOYHOIO

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

rpaduka [19]. Kak BUgHO U3 puc. 3, € MOUEBUHBI 1151
C® merona coctapisuia 14.5 MM~ em~! [17], a ma
diryopecueHTHoro — 873 MM~! cM~!, uTo cBHIETEND-
CTBOBAJIO O BO3MOXKXHOCTH 60-KpPaTHOTO MOBBIIIICHUS
YYBCTBUTEJIBHOCTH (DIyOPUMETPUUECKOIO CIIocoba
perucTpay 1o CpaBHEHUIO CO CITEKTPOdDOTOMET-
PUYECKUM.

CpaBHeHUE KaJMOPOBOYHBIX I'paUKOB IJIsI DH-
3UMaTUYIECKOIO OMpeaesieHUsT MOYEeBUHBI (puc. 3)
TO3BOJIMJIO CHIEJIaTh BBIBOI, YTO TIpH (hIyopmMeTpr-
YeCKOl perucrpaluy MpoayKTa peakluy ITUana3oH
JIMTHEMTHOCTH OITpeAe/ISIeMbIX KOHIIEHTPAIIUi Topa3no
mupe, yem rnpu CP gerexiuuu.

Bce mocnenymoiire 3KCepUMEHThHl TPOBOAUIUA
B ONTUMAJIBHBIX YCIOBUSX SH3UMATUYECKOW CTa-
IUU peaxkluu, YCTaHOBJEHHBIX paHee [17]: KoH-
Ne 5
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Is1o (a) (6)
250
225 Is1o
| Y=A+B*X
200 200 - 4 =0.197 £ 0.029
175 F B=1747.19 + 5.85
R=0.
150 150 - 0.993 Isio
125 401974002
100 100 - 22(7;&979.;9,5.85
75+
5ok 50 -
25
0 - O 0 0.005 0.010 0.015 0.020
1 1 1 1 1 1 1 ] 1 ] 1 1 1 1 1 1 Apr, MM
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0 0.05 0.10 0.15 0.20 0.25
Apr, MM Apr, MM

Puc. 4. 3aBUCUMOCTb MHTEHCUBHOCTH (pJIyOopeCLeHIIMM KOHEUHOM peaKIIMOHHOM CMEeCH OT KOHLIEHTpaLuy Apr (a) 1 Auana3oH
JMHEeHOCcT MeTona (0). PDiyopeclieHIIMIO peructpupoBaiu Ha duoopumerpe Thermo Scientific, ¢ Bo30OykaeHueM Ipu

A = 360 HM u amuccueit mpu A = 535 HM.

100

Aygo, 1519 %

1 2 3 4

5 6 7 8 9

AMMWHOKMCJIOTa

Puc. 5. CpaBHeHME CEIEKTUBHOCTU (hepMEHTATUBHBIX METOIOB, OCHOBAaHHBIX Ha mpuMeHeHuu JIMO: morioiieHue Mpu
480 um (I) u unteHcuBHOCTH M3nyueHwus (11). B kauecTBe TecTupyemMbix coenuHeHu ucnonb3oBaiu 1.0 MM pacTBopsl L-amu-
Hokucyot: I — Apr, 2 — Hurt, 3 — Kan, 4 — Jluz, 5 — Iin, 6 — Iy, 7 — I1po, 8 — Met, 9 — Tpn, 10 — OpH. DayopecleHIINIO

peructpupoBaiu Ha dpayopumerpe Thermo Scientific, ¢ Bo3oyxneHuem mpu A = 360 HM u smMuccueis mpu = 535 HMm.

LIEHTpalvs apruHa3bl B MHKYOAIIMOHHO cMecu —
1.5 en./min, BpeMmst uHKyb6auuu — 15 muH. Ha puc. 4
npeacTaBieHbl Pe3yabTaThl U3yUYeHUSI 3aBUCUMOCTH
WHTEHCUBHOCTU (DJIyOPECLIEHLIMU KOHEUHOTO MpOo-
nykra peakuun (JIMO-MoueBMHA) OT KOHIIEHTpa-
MU Apr v onpeaesieHUs auara3oHa JUHEWHOCTU
MeTona. JIMHeHHOCTh KaauOpPOBOYHOTro Tpaduka
COXpaHsUTach B AWalta30He KOHIEHTpamuit Apr 2 X
x 107#—0.25 MM B KOHE4HOI1 ITpobe, Ipeaes ooHa-
pyxeHust Apr — 1.6 x 10~* MM. CpaBHeHue € 115

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

yucroro kapbamuzaa (873 MmM~! cm~!) u kapbamuna,
obpaszoBasieroca u3 Apr (747 mM~! cm!) B pe-
3yJBTaTe SH3NMATUIECKOTO TUIPOJIN3a CBUICTEb-
cTBOBaio 0 85%-Holi KOHBepcUM ApI, T.e. TIpU U3-
OBbITKE aprrMHAa3bl Ha TMIEPBOI CTAINKN PEaKIIUU MOXKHO
OXHUmaTh emie 1.2-KpaTHOTO IIOBBIIICHUS] YYBCTBH-
TEJIbHOCTU METO/IA.

M3yuyeHre cTaOUIbHOCTU U3MEPSIEMOTO KOHEUHO-
ro MPOJYKTa OT BPEMEHM MOKa3ajlo, YTO MHTEHCHB-
HOCTb (QJIyopeclLIeHIIUM Yyepe3 1 cyT CHMKalach BCETO
Ne 5
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METO/1 AHAJIU3A L-APTUHWHA C UCITOJIb30BAHUEM APIT'MHA3HI 1 535
PesynbraThl aHanM3a Apr B (hapMalieBTUUECKUX Iperaparax
Konuenrpauust Apr B oopasiax, MM
Meton, cchuika
TuBopTuH Lutpaprunux AMUHOIUIa3Ma b

Janubie mpousBoautesst R = 1.0 199.3 475.0 8.0
Cnekrpodoromerpusi R = 1.0 [17] 199.4+ 0.9 480.1 £ 0.9 8.2+0.1
PedepenTtHrbiit xummnueckuii [aTa ctatbsi] R = 0.9999 198.5+ 3.5 481.6 £ 4.1 8.0x04
Awmmnepometpus [16] R = 0.9999 200.3 2.5 479.9+4.7 7.8+0.3
IMorenuuometpus [15] R = 0.9998 200.7 £ 4.5 4472+ 3.3 8.5+0.3
dnyopomeTpus [3Ta cTaThs| 200.1 £3.6 4775+ 0.6 8.1£0.1

R — K03 pULIMEeHT KOPPESILIUU ITPU CPAaBHEHUHU C (DIIyOPOMETPUY

€CKMM METOOOM.

Ha 15% nipu XxpaHeHUM peaKIIMOHHOMN CMECH B TEMHO-
TE IIPU KOMHATHOM TeMIeparype.

TakuM o6pa3oM, NpenjiokeH BBICOKOYYBCTBHU-
TEJbHBIN SH3UMATUYECKNI METO KOJIMYECTBEHHO-
ro oIpeaeJcHUs Apr B MOACIBHBIX pacTBOpax C
(IIyopeCHeHTHOI perucrpanmeii mpoayKTa peak-
LU, HE YCTyIalolleil OONbIINHCTBY U3BECTHBIX Ha
cerogHss (U3NKO-XMMHUUYECKHUX METOIO0B II0 YyB-
CTBUTEIBHOCTH [24].

OnHako BbICOKasi YYBCTBUTEIbHOCTh — 3TO HeE
eIMHCTBEHHOE TpeboBaHMe K MeTony. OnHOM 13 BaxK-
HEWIIMX XapaKTepUCTUK KaKIOro aHaJUTUYECKOIo
METO/a SIBJISIETCSI CEJIEKTUBHOCTb. YPOBEHb CeJieK-
TUBHOCTH MpeajiaraeMoro Meronaa (puc. 5) olleHuBa-
JIN B OTHOCUTEJIBbHBIX eMUHUIIAX (%) MHTEHCUBHOCTH
dbayopeclieHIIMU K BeJIMYMHE MaKCUMaJIbHOIO CHT-
Hana (ot 1 MM Apr), npunsaToii 3a 100%. B ciyuae
C® peructpanuu HaOJIOAATUCH ITOJOXUTEIbHBIS
curHabL: 15% Ha kaHaBaHwH (Kan) 1 1% Ha tMTpyn-
muH (Iut). [MonoxutenbHbIil curHal Ha Kan 8 CD
MeTo[Ae O0YCJIOBJIEH CITOCOOHOCTBIO apriHa3bl THIpPO-
JIN30BaTh 3TY aMUHOKHCIIOTY IO MOYeBUHEI [26]. [1pn
¢nyopumerpuyeckoil nerekuuu pausinue Kan u Hur
He3HaunTeTbHO — 0.4 11 0.7% COOTBETCTBEHHO.

Ot1cyTcTBME CUTHAaja Ha OCTaJbHBIC MCCIIemye-
Mble aMUHOKMCJIOThI OOBSICHSIETCSI BLICOKOM CeJIeK-
TUBHOCTBIO apTMHAa3kl K IIPUPOIHOMY CyOCTpaTy —
Apr 1 BBICOKOW CTEII€HBIO YMCTOTHI (DEPMEHTHOTO
npemnaparta. IlonoxurenbHblil curHaa Ha KaH He
MOXET OBITh CYILIECTBEHHOI ITOMEXOM MIPpHU aHaJInu3e
peanabHBIX 00pa31oB, IO KpaiiHeil Mepe OMoIorude-
CKUX XUJIKOCTEM U MUILEBBIX ITPOAYKTOB, ITOCKOJIb-
Ky KaH BcTpeuaeTcs, Kak IIpaBUJIO, TOJIBKO B CEMe-
HaX HEKOTOPBIX pacTeHHH [25].

[MpennoxeHHbI SH3UMATUUECKUI (hryoprMeTpU-
YyecKUil MeToJ TECTUPOBAIM Ha o0pasliax KoMMepue-
cKMX (hapMalleBTUUECKUX TpernapaToB, COACPXKAIUX
Apr, myTeM CpaBHEHMSI CO CTaHIapTOM. Pesynbrarbl
KOJIMYECTBEHHOIO OIpeaeaeHus1 Apr HeCKOJbKUMU
MeToJaMU TpecTaBieHbl B Tabiuiie. COOTBETCTBYIO-
mue KoaULIMEHTb! Koppeasiiuu (R) MexXay pe3yib-
TaTaMu aHajM3a Apr, MOJy4eHHbIMU Pa3TnYHbIMU Me-
ToJaMu, OJIU3KU K 1 ITpu BBICOKOM CTeTNEHU JOCTOBEP-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

HOCTH TakmX cBs13eii (p < 0.006). Bocmpon3BoauMocCThb
pe3yJIbTaTOB aHAIM3a MPELIOXKEHHBIM METOJOM TaK-
JK€ JOCTAaTOYHO BBICOKA, KOB(MMUIIMEHT Bapualuu
cocraisin 0.1-2.0%.

IMpenBapuTebHBIE UCCIIETOBAHMS ITOKA3IN (TaH-
HBIe HE IpeACTaBjCHBI), YTO pa3paboTaHHbIA dep-
MEHTATUBHBIN METOJ MOXHO ITPUMEHSITh IJISI MOHU-
TOpUHTA APT B OMOJIOTUYECKUX XKUIKOCTSIX U TTUIIIE-
BBIX TIPOJAYKTAaX. YUUTHIBAasI BEICOKYIO CTAOMIIBHOCTD
MOJIydeHHOTO HaMM TIperiapaTa apruHasbl (3a 3 T
xpaHeHus depmenTta npu — 10°C B Tpuc-0ydepe,
cogepxameMm 1M NaCl u 1 MM MnCl,, ero akTuB-
HOCTh YMEHbIIIaJ1ach TOJLKO B 2 pa3a), MOXKHO IIpO-
THO3MPOBATh MEPCIIEKTUBHOCTh pa3pabOTKU U BbI-
MycKa DH3MMAaTHUYeCKOro Habopa JJjisl ONpeacacHUsI
Apr Ha OCHOBE IPEAJIOXKEHHOTO METOAA JIJIsI UCTIOb-
30BaHMs €T0 B J1JaOOPaTOPHOM MpPaKTUKE.

Takum oGpasoM, pazpaboTaH 3H3MMATUICCKUUN
MeTo[ KOJIMYEeCTBEHHOI0O aHaJIn3a Apr ¢ (hJIyopuMeT-
PpUYECKOI JeTeKLUEN MPOAYKTa peaKLii — MOYEBU -
Hbl. MeToa ocHoBaH Ha ipuMeHeHun JIMO u Bbico-
KOOYHIIeHHOTro (pepMeHTa — apruHa3bl [ meueHm ge-
JIOBEKa, IMOJIy4YeHHOI0 U3 KJIIETOK PeKOMOMHAHTHOIO
mTamMMma apoxckeit H. polymorpha. HoBomy mertomy
MPUCYILIM BBICOKASI MOPOTOBasi YyBCTBUTEIbHOCTh
ornpenenaenust Apr (0.16 MkM), IIMPOKUIT Aana3oH
JuHeiHocTr 0.2—250 MKM, a TakKe HEUyBCTBUTEIb-
HOCTb K MHTep(epupyIoeMy BIUSHUIO IPYTUX aMU-
HOKMCJIOT. MeTox poCT B UCIIOTHEHUM, HE TpeOyeT
CJIOXKHOM ITOATOTOBKM 00pa3loB IJIsl aHAJIW3a U MO-
KET IPUMEHSITHCS UIST KOJTMYECTBEHHOTO OIIpeIee-
HUS Apr B peajibHUX oOpa3sliax.

PabGora BeITTOTHEHA TPpU (PUHAHCOBOM TTOIIEPIKKE
npoektoB HATO NUKR.SFPP 984173 u KoMIuiekc-
HOU HayyHO-TexHudeckoil mporpammbl HAH Ykpa-
uHbl “CeHCcOopHble MPUOOPHI IJIsI MEAUKO-3KOJIOTH-
YEeCKHUX U TTIPOMBIIIJIEHHO-TEXHOJIOTUYECKUX MOTPE0-
HOCTe!: METPOJIOrnyecKoe odecrneyeHre 1 OrbITHAs
aKcrutyaTtamnus” 5/3-2013, a Takke MTHAMBUIYaIbHO-
ro rpanta FEMS (UA-SMU2013-1Stasyuk).
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L-Arginine Assay with the Use of Arginase 1
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Abstract—A highly selective and sensitive method for the quantitative determination of L-arginine (Arg)
with a fluorescent detection of the reaction product has been developed. The method is based on the use of
human liver arginase I isolated from a recombinant producer strain, yeast Hansenula polymorpha, and 2,3-
butanedione monoxime, which is used to detect carbamide—the product of enzymatic reactions. The linear
concentration range for determining Arg in the final reaction mixture varies from 0.2 to 250 uM, and the
detection limit is 0.16 uM. Tests of the new method using commercial Arg-containing pharmaceutical prep-
arations showed a high correlation (R = 1.0) of the results with the manufacturer’s data and the results of
other methods for Arg detection.
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