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Determination of the presence of the recombinant fusion protein (ESAT6-Ag85B(ATMD)-6His) and its
accumulation level in duckweed plants (Lemna minor L.) was the aim of the research. ESAT6 and Ag85B
are secretory proteins of Mycobacterium tuberculosis and are considered as potential candidates for
development of new vaccine against tuberculosis. Transgenic duckweed plants were obtained previously by
Agrobacterium rhizogenes-mediated transformation and possessed fusion gene sequence esxA-fbpBATMD,
Specific polyclonal antibodies were produced in immunized mice to identify levels of accumulation of
tuberculosis antigens in plants. Recombinant antigen used for mice immunization was obtained in our
laboratory by expression in E. coli. Western blot analysis revealed the recombinant tuberculosis antigen
ESAT6-Ag85B(ATMD)-6His in extracts from transgenic L. minor plants. The level of accumulation of
the protein corresponds to 0.4—-0.5 pg protein per 1 g of fresh weight of plant. Additionally, the ability
to save of recombinant protein was investigated in lyophilized transgenic plants after 1.5 year storage.
Constructed duckweed plants accumulating a recombinant analogue of M. tuberculosis secretory proteins
can be used for development of plant-based edible vaccines.

Key words: Lemna minor, ESAT6, Ag85B(ATMD), genetic transformation, Agrobacterium rhizogenes.

Achievements in the development of
molecular-biological methods became the

Norwalk virus capsid protein [13, 14], human
papillomavirus 16 E7 oncoprotein [15] have

basis for new strategies in the synthesis
of functionally active proteins. Using of
plants as expression systems for production
of medical proteins including antigens in
recent decades is one of the main directions of
biotechnological investigations [1-3]. Plant-
derived recombinant proteins can be used for
immunization of human and animals [4]. The
synthesis of such products in plant cells has
several advantages compared with the one in
microbial or animal cells [5].

Different plant species were used as
objects of genetic transformation in order
to obtain antigen-produced plants. Thus,
gene of hepatitis B virus surface antigen was
transferred to genome of banana, potatoes,
physalis, tobacco, tomato, peanut plants [6-
10]. Plants produced a functional heat labile
enterotoxin B subunit of Escherichia coli
[11], native cholera toxin B subunit [12],

been obtained. The safety of the recombinant
proteins use and a high level of immune
response were determined by clinical trials of
vaccines of plant origin [16].

Tuberculosis is a disease characterized
by high level of morbidity and mortality.
Vaccination including wusing of vaccine
developedin 1919 by A. Calmette and C. Guérin
(Bacillus Calmette-Guérin, BCG) is the only
way to prevent the progress of the infection
process. However, the use of this wvaccine
is not always effective. New approaches to
create effective vaccines against tuberculosis
are developing now [17-20]. 30-kD-secretory
protein, ESAT6, Ag85A, Ag85B, CFP10
Mycobacterium tuberculosis proteins [21-23]
can be used for these purposes. It was
determined that the proteins are immunogenic
and demonstrate an immunity effect.
For example, using Ag85B and Ag85A
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M. tuberculosis antigens has led to increasing
of concentrations of IL-2 and y-interferon
in immunized mice [24]. The Ag85B-ESAT6
fusion protein showed immunogenicity and
protective properties in case of M. tuberculosis
infection [25, 26]. Ag85B and MPT64 proteins
were tested in a mouse tuberculosis model
to confirm their immunotherapeutic effect
[27]. The medicine based on Mycobacterium
smegmatis fusion protein ESAT6-CFP10
caused a greater immune response in mice
compared to the BCG vaccine [28].

It was found that plants are able to
synthesize mycobacterial recombinant
proteins[29] and plant-derived M. tuberculosis
antigens demonstrate biological activity and
induce specific response [30]. In particular, the
fusion protein CFP10-ESAT6-dIFN expressed
in the roots of transgenic Daucus carota
plants caused the immune response tested
orally and after injection on mice [31]. Choice
of the plant species for effective recombinant
proteins synthesis is an important step in
genetic transformation experiments. Plants
using in biotechnological manipulations must
meet a number of requirements to improve
transformation efficiency and level of
synthesis of recombinant proteins, reduced the
cost of the final product. Effective methods of
micropropagation and genetic transformation
should be developed for these purposes. Plants
should differ by rapid growth and high level of
total protein accumulation because an amount
of recombinant proteins is usually quite small.
For example cholera toxin B subunit, chimeric
protein CTB-P4 and CTB-P6 accumulated in
amount 0.096 — 0.9% total soluble protein
[32, 33].

Duckweed plants (Lemna minor L.)
belonging to Lemnaceae family can be used
for synthesis of recombinant proteins [34].
The rate of growth of these plants is high,
since every 3-4 days plants number doubles.
Duckweed is known as a natural source of
protein which accumulates in cells up to 40%
of the dry weight [35]. L. minor plants can
also be grown in bioreactors under controlled
conditions. This method allows safely for the
environment cultivation of transgenic plants.
In particular, duckweed plants were used to
produce recombinant interferon [36]. Dried
duckweed plants as a source of protein are
used to feed domestic animals. So, duckweed
plants can be used to immunize animals on
the assumption of sustainable storage of
biologically active recombinant antigens in
dried biomass. But the possibility of long-
term storage of dried recombinant proteins
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still not studied in duckweed plants. Thus, the
aim of our work was to determine the presence
and accumulation level of recombinant
ESAT6-Ag85B (ATMD)-6His protein of M.
tuberculosis in duckweed plants obtained
after Agrobacterium rhizogenes-mediated
transformation and also the content of this
protein in lyophilized transgenic plants after
prolonged storage.

Materials and Methods

Plant materials. Transgenic and wild type
plants were being cultivated using modified
Murashige-Skoog agar medium (twice lowered
macrosalts concentration). The temperature of
growing was +24 °C and light/dark period was
16/8 h. Before lyophilization plant materials
was frizzed in liquid nitrogen. Lyophilization
process was performed using Freezer dryer
4.5 (Labconco) according manufacturer
manual. Freeze-dried transgenic and wild type
plant materials were being preserved at room
temperature during 1.5 years in tightly sealed
flasks.

Protein extraction. To obtain total protein
extracts, plant materials had been placed
in cold (+4 °C) extraction solution (urea —
480 g; Tris-base — 6.06 g; HC1 — to pH 8.0;
deionized water — to 1 1). Grinding of fresh
and freeze-dried plant materials in extraction
solution and simultaneous extraction of
protein was performed using dispersers
Ultra Turrax tube drive with DT-20 tubes
(IKA). Rotation speed was 6000 rpm and
duration of grinding/extraction cycle was
5 min at room temperature. Immediately
after grinding, obtained suspensions were
clarified by centrifugation at 10000 g during
10 min, at +4 °C. Supernatants were mixed
with loading buffer solution (Tris-base —
6.06 g; sodium chloride — 40 g; glycerol —
500 ml; bromphenol blue — 0.1 g; HCI — to
pH 6.8; mercaptoethanol — 28 ml; deionized
water — to 1 1) in 3:1 ratio. Obtained mixes
were heated during 5 min at 95 °C.

To obtain positive control samples, the
plant materials with predefined by Western
blotting ESAT6-Ag85B(ATMD)-6His accu-
mulation were used. Also, purified from
E. coli recombinant ESAT6-Ag85B(ATMD)-
6His protein was added to wild type
plant total protein extract to obtain
final loadings 0.04 ng, 0.2 ng and
1.0 ng of the recombinant protein on trek.
Simultaneously, the samples of purified
recombinant ESAT6-Ag85B(ATMD)-6His were
used at the same concentrations.
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Recombinant protein. E. coli cultivation.
E. coli strain Ne120 was cultivated at +37 °C,
with shaking at 200 rpm, overnight, in 50 ml
LB medium containing 100 ng/ml ampicillin.
Then, 5 ml of overnight culture was inoculated
in 500 ml Erlenmeyer flask with 100 ml
preheated LB medium containing 100 png/ml
ampicillin. Bacterial suspension had been
cultivated at +37 °C, with shaking at
200 rpm during lhour. Then, induction was
performed by adding to culture isopropil-b-
D-thiogalactoside to a final concentration of
1 mM. After induction, bacterial suspension
was cultured under the same condition
during 6 hours. E. coli biomass was harvested
by centrifugation at 5000 g, for 10 min,
at +4 °C.

Preparing of biomass lysat for chroma-
tography purification. Biomass of E. coli was
resuspended in lysis buffer solution (urea —
480 g; Tris-base — 6.06 g; HCl — to pH 8.0;
deionized water — to 1 1) in 1:5 ratio. Lysis
had been performed overnight, with gently
shaking, at +4 C. Obtained lysat was clarified
by centrifugation at 8000 g for 30 min, at
+4 °C. Supernatant was filtered through
membrane filter with 0.45 nm pore size.

Chromatographic purification of
recombinant protein. Ni-NTA-agarose (QIA-
gen, cat. Ne 30210) and LKB UVICORD
II chromatographic photometric system
were used to purify recombinant ESATG6-
Ag85B(ATMD)-6His protein from bacterial
lysat. Column, with 2 ml of slurry, was
equilibrated whit 10 ml lysis buffer solution.
Filtered Dbacterial lysat was loaded using
peristaltic pump (speed: 0.5 ml/min) at
room temperature. Washing the column was
performed using washing buffer solution
(urea — 480 g; NaCl — 117 g; Tris-base —
6.06 g; HC1 — to pH 8.0; deionized water — to
11) to get base level of optical density at 280 nm
wavelength. Recombinant protein was eluted
using washing buffer solution containing
250 mM imidazole. Eluate had been preserved
at +4 °C.

IgG fraction from anti-ESAT6-
Ag85B(ATMD)-6His serum. Immunisation of
mouse. To eliminate imidazole from eluate and
prepare protein solution for immunization,
two step dialysis against 1 1 of dialysis buffer
solution (urea — 120 g; Tris-base — 6.06 g;
HCl — to pH 8.0; deionized water — to 1 1)
was performed. Before loading to a dialysis
tube, eluate was diluted using dialysis buffer
solution to get a final protein concentration
below 2 mg/ml. First step of dialysis was
performed at +4 °C, with gently mixing using

magnetic stirrer, overnight. Second step
of dialysis was performed under the same
condition, during 4 hours. Dialysate was mixed
with Complete Freund’s Adjuvant in 1:1 ratio.
Obtained mix for immunization was injected
to mouse intraperitoneally in a dose 200 nl per
mouse. Then injections were repeated twice,
with 1 month gap each time.

1gG fraction chromatographic purification.
Ten days after third immunization the total
bleeding of immune animals was performed.
Mouse blood was clarified by centrifugation
at 2000 g for 5 min, at room temperature.
1,8 ml of supernatant was added to 16 ml of
buffer solution for serum  dilution
(Na,HPO,12H,0- 2.3 g; KH,PO, — 0.2 g;
NaCl — 8 g; KCI — 0.2 g; deionized water —
to 1 1). Diluted serum was filtered through
membrane filter with 0.45 um pore size.

Protein-G-sepharose (GE, Product
code 17-0618-01) and LKB UVICORD II
chromatographic photometric system were
used to purify IgG fraction from anti-ESAT6-
Ag85B(ATMD)-6His serum. Column, with
1 ml of slurry, was equilibrated whit 10 ml
solution for serum dilution. Filtered diluted
serum was loaded using peristaltic pump
(speed: 0.5 ml/min) at room temperature.
Washing the column was performed using
solution for serum dilution to get base level
of optical density at 280 nm wavelength. IgG
fraction was eluted using 0.1 M glycine-HCl
buffer solution, pH 2.5. Eluate was collected
in a flask containing 1 ml of 2M Tris-HCI, pH
9.0. Chromatographic purification cycle was
repeated using flow-through as a starting
material for yield increasing. Immediately
after elution, three-stage dialysis was
performed against 1 1 of solution for serum
dilution. First step of dialysis was performed
at +4 C, with gently mixing using magnetic
stirrer, overnight. Second and third steps
of dialysis were performed under the same
condition, during 4 hours. Sodium azide was
added to dialysate to a final concentration of
0.02% . Purified mouse IgG fraction solution
containing sodium azide had been preserved at
+4 C.

Western blotting. Mini-PROTEAN Tetra
Cell electrophoresis module (BIO-RAD)
was used for performing of sodium dodecyl
sulfate polyacrilamide gell electrophoresis of
proteins (SDS-PAGE). The mix for resolving
gel was prepared containing: Tris-base —
46 g; acrylamide — 120 g; sodium dodecyl
sulfate — 1 g; ammonium persulfate — 1 g;
TEMED — 0.86 ml; HCI — to pH 8.8;
deionized water — to 1 1. Immediately after
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preparing, mix was loaded between gel glass
plates. Then, deionized water was added above
gel mix to form a layer of 3—4 mm height.
The polymerization time was 1 hour. The mix
for stacking gel was prepared containing:
Tris-base — 15.73 g; acrylamide — 51 g;
sodium dodecyl sulfate — 1 g; ammonium
persulfate — 1 g; TEMED — 1 ml; HCI — to
pH 6.8; deionized water — to 1 1. Immediately
after preparing, mix was loaded between
gel glasses above polymerized resolving
gel. Then, the 10-teeth comb was placed
between gel glass plates. The polymerization
time was 20 min. After polymerization,
electrophoresis module was assembled and
electrophoresis working buffer solution (Tris-
base — 3.02 g; glycine — 18.8 g; sodium
dodecyl sulfate — 1g; deionized water — to
1 1) was added to upper and lower chambers of
electrophoresis module. The analyzed samples
and the prestained protein molecular weight
marker (Fermentas) were added to gel wells
and electrophoresis was performed according
manufacturer manual.

After electrophoresis had been completed,
the gel was soaked in transfer buffer solution
(Tris-base — 5.8 g; glycine — 2.9 g; methanol —
100 ml; deionized water — to 1 1). The gel
has been incubated in the transfer buffer for
15 minutes. Simultaneously Immun-Blot PVDF
the gel sized piece of membrane (BIO-RAD)
and 20 the gel sized pieces of chromatographic
paper (Whatman) were soaked in the
solution same composition. NOVABLOT
Electrophoretic Transfer Kit (LKB) was used
to perform semi-dry protein transfer from gel
to PVDF membrane. Electrophoretic transfer
was performed according manufacturer
manual. The point to end the procedure was
the full disappearance of prestained protein
molecular weight marker from the gel and
appearance of marker on membrane surface.

After protein transfer had been completed,
the PVDF membrane was soaked in blocking
buffer solution containing: Na,HPO,-12H,0 —
2.3 g; KH,PO, — 0.2 g; NaCl — 8 g; KCl —
0.2 g; skimmed milk — 50 g; Tween-20 —
1 ml; deionized water — to 1 1. The membrane
was incubated in blocking buffer solution with
gently shaking using orbital shaker (speed:
50 rpm), at +4 C, overnight. Then, the
membrane was transferred in mouse anti-
ESAT6-Ag85B(ATMD)-6His IgG  fraction
buffer solution containing Na,HPO,-12H,0 —
2.3 g; KH,PO, — 0.2 g; NaCl — 8 g; KCl —
0.2g; Tween-20 — 1 ml; mouseIgG —inoptimal
titer; deionized water — to 1 1. The membrane
was incubated in mouse IgG buffer solution
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with gently shaking using orbital shaker
(speed: 50 rpm), at +42 C, for 2 hours. After
incubation had been completed, the membrane
was washed three times with washing buffer
solution containing: Na,HPO,-12H,0 — 2.3 g;
KH,PO, — 0.2 g; NaCl — 8 g; KCl — 0.2 g;
Tween-20 — 1 ml; deionized water — to 1 1.

Washed membrane was transferred to the
buffer solution of horseradish peroxidase
conjugated goat polyclonal antibodies,
specific to a mouse IgG (Sigma) containing
Na,HPO,12H,0 — 2.3 g; KH,PO, — 0.2 g;
NaCl — 8 g; KCI — 0.2 g; Tween-20 — 1 ml;
horseradish peroxidase conjugated goat
polyclonal antibodies — in optimal titer;
deionized water — to 1 1. The membrane was
incubated in this solution with gently shaking
using orbital shaker (speed: 50 rpm), at
+37 °C, for 1 hour. After incubation had been
completed, the membrane was washed three
times with washing buffer solution containing:
Na,HPO,12H,0 — 2.3 g; KH,PO, — 0.2 g;
NaCl — 8 g; KCl — 0.2 g; Tween-20 — 1 ml;
deionized water — to 11.

Washed membrane was transferred to
the ECL substrate solution for horseradish
peroxidase detection (BIO-RAD).
Chemiluminescence was documented in dark
room using x-ray film included developer and
fixer solutions.

Results and Discussion

Duckweed transgenic plants (L. minor)
developed earlier using Agrobacterium
rhizogenes-mediated method were used in
this research [38]. Transgenic duckweed had
modified sequence of mycobacterium’s genes
(esxA and fbpB) that code recombinant protein
ESAT6-Ag85B(ATMD)-6His. N-terminal
sequence of this protein was represented
by polypeptide ESAT6 (98 aminoacids)
and C-terminal sequence was represented
by polypeptide Ag85B (304 aminoacids).
Polypeptide of Ag85B had a deletion of TMD-
like sequence (trans-membrane domain) in his
N-terminal part and had 6-His tagin C-terminal
part. Accumulation of tuberculosis antigens
was investigated for both fresh (Fig. 1, a) and
lyophilized (Fig.1, b, ¢) plant material.

Analysis of the protein expression of the
fusion protein — analog of secretory antigens
ESAT6 and Ag85B from M. tuberculosis, —
was performed in plant material by Western
blotting. Based on the data that recombinant
protein accumulation in transgenic plants
can reach low values (0.00001% of protein
from fresh weight of the plant) we had to
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Fig. 1. Transgenic duckweed plants cultured
in vitro (a); lyophilized biomass of duckweed accu-
mulated for following storage (b, c)

ensure appropriate detection sensitivity
of the ESATG6-Ag85B(ATMD)-6His protein
by Western blotting analysis. Despite of
the method parameters (ratio of extraction
buffer to plant material, sample volume in
gel) the sensitivity should be around 0.1 ng of
recombinant protein per track.

Using purified ESAT6-Ag85B(ATMD)-
6His protein we showed that produced specific
antibodies are sensitive enough to detect
0.04 ng of recombinant antigen per track. Such
alevel of sensitivity was sufficient for analysis
of the transgenic plant material. Evaluation of
sensitivity of derived antibodies was shown for
series of dilution of the purified recombinant
protein ESAT6-Ag85B(ATMD)-6His (Fig. 2).

If derived antibodies were used for Western
blotting analysisof plantextracts the sensitivity
of method was lower because of background and
nonspecific bands in tracks of crude extracts
(Fig. 3, 4). But nonspecific background was
not dense in a range of molecular weights
that are close to the molecular weight of the
recombinant protein ESAT6-Ag85B (ATMD)-
6His. This made it possible to apply this
antibody in Western blotting for detection of
recombinant protein ESAT6-Ag85B (ATMD)-
6His in total protein extracts of transgenic L.
minor with the expected accumulation level not
lower than 0.00001% of recombinant protein in
wet weight of the plant sample.

Results of detection of recombinant protein
ESAT6-Ag85B (ATMD)-6His in fresh biomass
of L. minor are shown in Fig. 3.

Specific band was found in extract of
transgenic duckweed (track 1) corresponding
molecular weight 43 kDa of recombinant
protein ESAT6-Ag85B(ATMD)-6His. However,
it was also found specific band that fits
smaller molecular weight protein (28—30 kDa),
which is probably proteolysis product of
43 kDa protein (track I). In extracts from
control duckweed plants similar proteins
with a molecular weight of 43 kDa and 28—-30
were not observed. The approximate amount
of antigen in the extract from transgenic
duckweed was determined by comparing the
intensity of corresponding bands in extract of
transgenic plants with bands of control antigen
mixed with extract of wild type plants. Control
antigen was expressed in E. coli, purified
chromatographically and used as a control in
amounts 0.04, 0.2 and 1 ng per track. Control
protein was loaded both in pure form and as a
mixture with an extract of wild type L. minor.
This mixture was prepared by adding purified
antigen immediately before grinding of plant
biomass. This was done to determine possible
losses recombinant protein due to proteolysis
during sample preparation. Comparison tracks
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Fig. 2. Determination of the sensitivity of derived
antibodies which are specific to ESAT6-
Ag85B(ATMD)-6His and was applied as first
antibodies in Western blotting method:

M — molecular weight marker represented as
colored bands on the membrane (kDa);

1-3 — purified protein ESAT6-Ag85B(ATMD)-
6His in amounts 0.04, 0.2 and 1.0 ng per track
respectively
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Fig. 3. Detection of recombinant tuberculosis
antigen ESAT6-Ag85B(ATMD) via Western
blotting analysis in fresh biomass extracts from
L. minor }I;lants, which are transformed with
esxA-fprA MD sequence coding fusion protein —
analog secretory proteins ESAT6 and Ag85B from
Mpycobacterium tuberculosis:

1 — extract of transgenic plants; 2 — extract
of wild type plants; 3 — track of molecular weight
markers (as pre-stained bands on membrane is
shown as track M); 4 — extract of wild type plants
with addition of purified ESAT6-Ag85B(ATMD)-
6His protein, 40 pg/track; 5 — purified ESATG6-
Ag85B(ATMD)-6His protein, 40 pg/track; 6 —
extract of wild type plants with addition of purified
ESAT6-Ag85B(ATMD)-6His protein, 200 pg/track;
7 — purified ESAT6-Ag85B(ATMD)-6His protein,
200 pg/track; 8 — extract of wild type plants
with addition of purified ESAT6-Ag85B(ATMD)-
6His protein, 1 ng/track; 9 — purified ESATG6-
Ag85B(ATMD)-6His protein, 1 ng/track

9and 8 (Fig. 3), and tracks 7and 6 (Fig. 3) shows
almost identical antigen content in tracks with
purified protein and in tracks with mixtures of
plant extract with added control protein in the
same concentrations. This fact indicates that
proteolytic activity of the extract was minimal
during the sample preparation and had no
significant influence on recombinant protein
ESAT6-Ag85B (ATMD)-6His in extracts.
Taking into account the above we supposed that
identified protein degradation (Fig. 3, track 1)
may be due to proteolysis of the recombinant
antigen in living cells during synthesis and
accumulation. Comparison tracks 1, 6 and 8
(Fig. 3) allows to determine the approximate
amount of product in the extract and plant
material — 20-25 ng/ml, which corresponds to
0.4-0.5 png per 1 g of dry plant weight.

A comparative study of the amount of
accumulated antigen was performed for
freeze-dried plant material that had been
stored after drying in closed plastic tubes
at room temperature for 1.5 years. Results
of detection of recombinant protein ESAT6-
Ag85B (ATMD) -6His in dried L. minor
biomass are presented in Fig. 4.

14

Fig. 4. Comparative Western blotting analysis
of recombinant protein in the extract of freeze-
dried and raw biomass of transgenic plants
L. minor:

1 — extract of raw biomass of transgenic plants;
2 — extract of freeze-dried biomass of transgenic
plants; 3 — extract of wild type duckweed;

M — marker of molecular weights

The obtained data suggest that the
recombinant protein stored for a long time
in the lyophilized duckweed plants even
without the use of additional techniques —
at room temperature and without protective
gas environment. However identified protein
amount in lyophilized biomass naturally was
less than the one in the fresh material.

Approaches to produce recombinant
proteins that can be stored for a long time in
plants are developing in modernbiotechnology.
For example, a strategy that is based on the
production and accumulation of recombinant
proteins in seeds is considered effective
and allows improving the stability of the
synthesized target proteins in plants [39-41].
However, as was shown by our study, L. minor
plants long-term storage (for 1.5 year) in
lyophilized form has not led to a complete loss
of thetarget recombinant protein, although the
concentration of this protein decreased. Thus,
a relatively simple and cheap procedure for
preparation and storage of biological material
does not cause total loss of accumulated protein
product for a long period and has the potential
for use in the development of edible vaccines.

The method used made it possible to detect
recombinant protein ESAT6-Ag85B (ATMD)-
6His in extracts of transgenic L. minor plant.
This protein accumulated in transgenic
duckweed plants in 0.4-0.5 ng per 1 g of dry
plant weight or 0.036 png per 1 mg of total
soluble protein. Storage of freeze-dried plant
material for 1.5 years without cooling or
freezing did not result in complete degradation
of the recombinant protein, although their
content was reduced compared to the content
in the plants cultured in vitro. Duckweed
plants, synthesizing recombinant secretory
antigens ESAT6 and Ag85B Mycobacterium
tuberculosis can be offered as a model system
to study the possibility of creating of edible
plant-derived vaccines.
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HAKOIIMYEHHSA PEKOMBIHAHTHOI'O
3JINTOr'O IIPOTETHY—-AHAJIOT A
CEKPETOPHHUX ITPOTEIHIB Ag85B TA
ESATG6 Micobacterium tuberculosis —
Y TPAHCTEHHUX POCJINHAX
Lemna minor L.

A.A.Ilemepcon
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M. B. Kyuyk

IacTuTyT KaiTunHOI 6ioJ0Tii Ta reHeTUYHOL
imxenepii HAH Vxkpainu, Kuis
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Metoo poboTu OyJi0 BHU3HAUEHHSA HaAB-
HOCTi pekombimanTHOro mporeiny ESATG6-
Ag85B(ATMD)-6His iz Mycobacterium tubercu-
losis Ta BUBUEHHSA PiBHIB HOro HAKOIIMYEHHS Y
pocaunax pscku (Lemna minor L.). ESAT6 Ta
Ag85B € cexkperopuumu mnporeimamu M. tuber-
culosis 1 3aIPONIOHOBAHI I CTBOPEHHSA HOBUX
BaKIIUH IIPOTU TyOepKyabosdy. OTpumaHi paHi-
e MLIAXOM omocepeakoBaHoi Agrobacterium
rhizogenes tpancgopMmaillii pocanHu PACKU MicTu-
JIX 3JUTY IOCIiIOBHIiCTH reHiB: esxA-fbpBATMD,
s Bu3HAUeHHsA PiBHIB HAKOIHWYEHHS TYyOEpKY-
JIbO3HUX AHTUTEHIB y pOCJUHAX OyJIO OZep:;KaHO
TMOJIKJIOHAJIbHI MUIIayi aHTUTiIA HIIAXOM imy-
Hizarii sabopaTOPpHUX TBAPUH PEKOMOiHAHTHUM
nporeinom ESAT6-Ag85B(ATMD)-6His, exc-
npecoBanuM B E. coli. Meromom BecTepH-0JIOT
BUSIBJICHO PEKOMOIHAHTHUHA TyO0epKYIbO3HUHA
auTuren ESAT6-Ag85B(ATMD)-6His B ekcTpak-
Tax i3 TpaHCreHHUX pociuH L. minor. Busnaueno
PiBeHb HAKONWUYEHHA aHTUTEHY, AKUU CTAHOBUB
0,4-0,5 MKr nmpoTeiny Ha 1 r cupoi Macu POCJIMH.
Taxko:x BUBUEHO MOKJIUBICTH 30epiraHHs Ta CTy-
minp gerpazaiii Ty0epKyJbO3HOTO AHTUTEHY B
JiodinizoBaHOMY PpPOCIMHHOMY MaTepiani, 10
36epirascs BIPomoB:K 1,5 poKy 6e3 0X0JIOMKeHHA
4y 3aMOpOXKyBaHHA. OTpUMaHI POCIWHU PACKU
L. minor, AKi CUHTe3yIOTh PeKOMOiHAHTHUNA aH-
TUTeH, aHAJIOT ceKpeTopHuX mmporeiniB ESAT6 Tta
Ag85B M. tuberculosis, MOKyTHL OyTH 00’€KTOM
IOCJIIIKEeHb MiJ] YaC CTBOPEHHS ICTiBHUX POCJIMH-
HUX BaKIIUH.

Knwwoei canoea: Lemna minor, ESATG,
Ag85B(ATMD), reneruuna Tpauchopmarid,
Agrobacterium rhizogenes.

HAEKOIIJIEHUE PEKOMBHHAHTHOTIO
CJINTOTO ITPOTENHA — AHAJIOT A
CEKPETOPHBIX ITPOTEHNHOB Ag85B

N ESATG6 Micobacterium tuberculosis —

B TPAHCTEHHBIX PACTEHUAX
Lemna minor L.

A.A.Ilemepcon
M. IO. Bacunernxo
H.A. Mameseesa
H. B. Kyuyk

WVHCTUTYT KJIETOUHON OMOJOTUY U TeHETUUECKOH
utxxenepuu HAH Ykpaunsl, Kues

E-mail: joyna56@gmail.com

ITenpio paboTel OBLIO ONIpeAesieHUE HAJIU-
uyma peKkoMOnHAHTHOTO nporenHa ESAT6-Ag85B
(ATMD)-6His us Mycobacterium tuberculosis n
n3yJyeHure YPOBHEH ero HaKOIIJIEHUS B PACTEHUAX
pscku (Lemna minor L.). ESAT6 u Ag85B saBis-
OTCA ceKpeTopHbIMU TpoTenHamu M. tuberculosis
U TOpeJaraiTcA AJsS CO3JaHUSA HOBBIX BaKIIUH
npotuB Tybepkysaesa. IlomyueHHBIE paHee IIy-
TeM oIlocpemoBaHHOUN Agrobacterium rhizogenes
TpaucGOpPMAIlMN paCTEeHUsA PSICKU CoJeprka-
JU CJIUTYIO TIOCJeIOBATEJIbHOCTh I'€HOB: eSXA-
fopBATMD, T[ns1 ompefesieHUsA YPOBHEH HaKOILIe-
HUA TyOepKyJIe3HBIX AaHTUTEHOB B pPaCTeHUAX
OBLIY TOJYYEHBI TOJUKJIOHATIbLHBIE MBITITHBIE aH-
TUTEJa TyTeM UMMYHU3AIIUY Ja00PaTOPHBIX KU-
BOTHBIX PEeKOMOMHAHTHBIM mporemHoM KESATG6-
Ag85B(ATMD)-6His, »sKcmpeccupOBaHHOM B
E. coli. MeTomoM BecTepH-0JIOT BLISABJIEH PEKOM-
OMHAHTHBIN TyOepKyJaesHblli auTureH ESATG6-
Ag85B(ATMD)-6His B sKcTpaKTax u3 TpaHC-
TeHHBIX pacteHuii L. minor. OupeneseH ypoBeHb
HAKOILJIEHUS aHTUTEeHa, COOTBETCTBYOIIUI
0,4—-0,5 MKr mporenHa Ha 1 T CBIPOI Macchl pacre-
Huit. Takike u3yuyeHa BOSMOYKHOCTH COXPaHEHUS
U CTeIleHb Jerpafanuu Ty0epKyJIe3HOTO aHTUTeHa
B JUO(GDUINBUPOBAHHOM PACTUTEIHLHOM MAaTepH-
ajie, KOTOPLII XpaHuiacsa B TeueHue 1,5 roma 6es
OXJIAKIEHUS WJIN 3aMopaskuBaHusa. llomyueH-
HbI€ PACTEHUS PACKU, CHHTE3UPYIOIe PeKOMOM-
HAHTHBIN aHTUTEH, aHAJIOT CEKPETOPHBIX IIPOTEH-
HoB ESAT6 u Ag85B M. tuberculosis, MOTYT OBITH
00'BbEKTOM MCCJIEIOBAHUUM HPU CO3TAHUU CHEI00-
HBIX PACTUTEJIbHBIX BaKIWH.

Knwuesvie cnosea: Lemna minor, ESATG6,

Ag85B(ATMD), renermueckas TpaHchopMmalus,
Agrobacterium rhizogenes.
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