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There are no doubts that during the cultivation bac-
teria synthesize and excrete in culture medium a num-
ber of different metabolic products, among which are
enzymes, antibiotics, or toxins [1, 2]. Release of such
substances is connected with metabolic processes and
partially with the death and destruction of bacterial cells
during cultivation. Nowadays, lytic activity and lytic en-
zymes of different bacilli, streptomycetes and micro-
mycetes are well known [2, 3].

Microorganisms as producers of antitumor sub-
stances began to be investigated for the first time long
ago. In 1956 year it was shown, that bacterial strain
Bacillus mesentericus AB-56 (isolated and character-
ized by Zatula DG) synthesizes a substance that in-
hibits the growth of murine solid and ascitic tumors and
proliferation of cultured tumor cells [4, 5]. It turned out
that the metabolic products of this microorganism pos-
sess the capacity to kill tumor cells without the loss of
their antigenic structure.  Afterwards, using the analytic
selection method B. subtilis strain Â-7025 (B. subtilis
7025) was originally derived from the B. mesentericus
strain AB-56 [6].

Presently a number of cancer vaccines based on
autologous tumor cells cultivated with culture medium
of B. subtilis AB-56 has been constructed. Application
of these vaccines have demonstrated fair efficacy in
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immunotherapy of reccurency and metastases in vivo
[7–9]. From culture medium of the bacterium lectin [10]
and glycoprotein [11] fractions with well-expressed
antitumor action have been isolated.

Earlier it was thought that DNA as a substance with
a relatively low immunogenic properties is not able to
induce immune response without a linkage with immu-
nogenic proteins [12–14]. That’s why the first observa-
tions that bacterial DNA is able to activate NK and B cells
have aroused doubts and skepticism [15]. However, later
the specific sequences in DNA molecule responsible for
its immunostimmulatory activity were characterized.  It
has been revealed that CG-dinucleotides exist in bac-
terial DNA with rather high frequency (1 per every 16
dinucleotides), whereas DNA of mammalian has mark-
edly reduced content of CG-dinucleotides [16].

 It was also found out that immunostimulatory pro-
perties of such DNA depends on ÑG-dinucleotides that
should be unmethylated and have especial nucleotide
context [17]. Further research of immunobiological effects
of CpG DNA and its synthetic oligodeoxynucleotide ana-
logues indicated the probability of their rather effective
immunotherapeutic application in treatment of various dis-
eases including cancer [18–22]. Presently the data
of numerous studies have indicated the efficacy
of separate application of CpG DNA [19, 22–24] or in com-
bination with chemo- or radiotherapy [25, 26], treatment
with monoclonal antibodies [27, 28], cancer vaccines
[29–32], other immunotherapeutic approaches [33–34].
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In R.E. Kavetsky Institute of Experimental Patholo-
gy, Oncology and Radiobiology, NAS of Ukraine the se-
ries of cancer vaccines prepared with the use of B. subtilis
metabolic products, glycoproteins and culture medium
filtrate (CMF) have been tested [7, 10, 11]. The cancer
glycopeptide autovaccine of new generation has been
constructed [35, 36]. The aim of present study was to
characterize DNA as a component of nucleoprotein frac-
tion, isolated from CMF of B. subtilis 7025 [31] and B.
subtilis GP1-807-03 and to evaluate the dynamic of ac-
cumulation of such DNA and level of its methylation in
the process of cultivation.

MATERIALS AND METHODS
Bacterial strains. In the study 2 B. subtilis strains

(7025 and GP1-807-03) stored at Bacterial Strain Col-
lection of D.K. Zabolotny Institute of Microbiology and Vi-
rology, NAS of Ukraine (Kyiv, Ukraine) were used. Both
strains don’t differ by morphologic features, culturing con-
ditions and biochemical properties. CMF of B. subtilis 7025
is used for preparation of original cancer autovaccine.

Medium and culture conditions. Bacterial strains
were routinely cultivated (deep or/and superficial culti-
vation) in beef-extract broth (pH 7.0) at 37 °C for of 1–
10 days with moderate shaking (120 rpm).

Isolation and analysis of DNA. Bacterial cells were
pelleted by double centrifugation (25 min at 8000 g). Ob-
tained supernatants were filtered through 0.2 µm pore-
size nitrocellulose filters (Sigma, USA) and then tested
on sterility. DNA-containing fractions were isolated from
60 ml of cell-free CMF. The routine method of plasmid
DNA isolation by precipitation in polyethylene glycol 6000
with following co-precepitation in 70% ethanol was used
[37]. Isolated DNA were dissolved in 1 ml of sterile deioni-
zed water for subsequent DNA analysis.

Concentration of isolated DNA was estimated by spec-
trophotometry, the size of DNA fragments – by polyacry-
lamide gel electrophoresis [38] using Lambda DNA BstE
II Digest (Sigma, USA) as molecular weight marker.

To detect the presence of CpG motifs, restriction ana-
lysis of DNA with endonuclease Hpa II (Sigma, USA) was
applied [39] with the next pulsed-field agarose gel elec-
trophoresis [40] followed by ethidium bromide staining and
densitometry of gels.

Transmission electron microscopy. CMF con-
centrates were obtained on the 9th day of cultivation
B. subtilis by sedimentation at 40.000 g (2 h at 4 °Ñ),
placed on carbon–coated, ion-sputtered 0.12% Form-
var-covered mesh. For positive and negative contras-
ting, 2.0% uranyl acetate solution (pH 7.0) and 2.0%
phosphotungstic acid were used, respectively. Trans-
mission electron microscopy (EÌV-100À (USSR) was
performed at an acceleration voltage of 75 kV.

RESULTS AND DISCUSSION
DNA-containing fraction was isolated from CMF of

B. subtilis on the 9th day of cultivation performed ac-
cording to [10, 11]. Using polyethylene glycol 6000 and
0.6 Ì NaCl, pure DNA fractions with coefficient of
260/280 1.75–1.85 (Fig. 1.) were obtained. The yield
of DNA was 1.0–1.5 mg/100 ml of CMF.

Because we did not have possibility to use autolysin-
defective mutant strains (e.g., AN8) [41, 42], we tried to
avoid of cell lysis and contamination with genome DNA.
Polyacrylamide gel (PAAG) electroforesis (Fig. 2) demon-
strated that DNA-containing fractions isolated on the
9th day of cultivation of both B. subtilis strains are hetero-
genous by the size of molecules with two major compo-
nents with molecular size of 2650 and 3050 bp. No pro-
tein contamination was revealed using method of Lowry
[43], SDS-PAAG electrophoresis with the following Coo-
massie brilliant blue R-250 or silver nitrate staining [44].

It is rather difficult to indicate why DNA is released
in culture medium during cultivation of bacteria [45, 46].
The results of recent studies are showing that release
of DNA is caused by so-called defective prophage el-
ements, which are usually present in bacterial genome
[41]. It is very important because bacteriophages as
well as plasmids and transposons take part in the pro-
cess of horizontal gene transfer [47–49].

To investigate dynamics of accumulation of DNA in
culture medium, 10 flasks with broth were inoculated with
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Fig. 1. Absorption spectrum of DNA-containing fraction isolated
from B. subtilis CMF on the 9th day of cultivation

Fig.  2. Molecular heterogeneity of DNA in nucleoprotein frac-
tions isolated on the 9th day of cultivation isolated from CMF of
B. subtilis GP1-807-03 (1) and 7025 (2). 3 – Lambda DNA BstE
II Digest marker
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B. subtilis GP1-807-03, DNA-containing fractions were
isolated from 1 flack per day at days 1–10 of cultivation by
method [37], and DNA content was evaluated by spec-
trophotometry and pulsed-field agarose gel electrophore-
sis. We found out (Fig. 3) that accumulation of extracellu-
lar DNA in culture medium has certain irregularity:
it reached maximal values on the 3rd, 6th and 9th days  (see
Fig. 3) with different purity of DNA (ratio 260/280 was 1.55–
1.6 and 1.75–1.85 on the 3rd and 9th days, respectively).
The largest content of DNA reached 0.9–1.55 mg/100 ml
culture medium. No protein contamination was registered.

The content of unmethylated CpG motifs possess-
ing immunostimulatory properties is higher in bacterial
DNA than that in mammalian DNA [14, 17]. To deter-
mine the level of unmethylated CG-dinucleotides in
isolated DNA-containing fractions, restriction analysis
with endonuclease Íðà ²² was applied [39]. DNA from
chicken erytrocytes possessing low content of ÑG-di-
nucleotides and hypermethylated by cytosine residues
[14, 17], was shown to be relatively resistant to Hpa II
in comparison with investigated bacterial DNA (Fig.  4).

In this investigation the degree of DNA methylation
and the content of unmethylated CG-dinucleotides in
DNA sequence was chosen as a marker for its possi-
ble immunostimulatory properties. So, all DNA-con-
taining fractions isolated during 10 days of cultivation
of B. subtilis GP1-807-03 were investigated for sen-
sitivity to restrictase Hpa II.

We found out that all DNA-containing fractions iso-
lated during 10 days of cultivation are sensitive to Íðà ²²
(Fig. 5). The highest sensitivity of isolated DNA-con-
taining fractions to Íðà ²², and so the increase of con-
tent of unmethylated CG-dinucleotides is observed on
the 7th–9th day of cultivation (Fig. 6). So, the 7th–9th days
of cultivation are optimal for the release in cultural medi-
um DNA-containing substances containing unmethy-
lated CG-dinucleotides. Moreover, it is important to
research in details the features of the release of hy-
pomethylated DNA in cultural medium of B. subtilis
GP1-807-03 within same terms of cultivation.
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Fig. 3. Densitometric analysis of the dynamics of B. subtilis extra-
cellular DNA accumulation in culture medium
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Fig. 5. Relative content of CpG-sequences with unmethylated
cytosines in extracellular DNA of B. subtilis

Fig. 6. Sensitivity of DNA-containing fractions isolated from CMF
on the 5th – 9th day of cultivation (from V to IÕ) to restriction endo-
nuclease Íðà ²² (– –DNA incubated without Hpa II; + –DNA incu-
bated with Íðà ²²)

Fig. 4. Restriction analysis using ÍðÀ ²² endonuclease of DNAs
from chicken erythrocytes (a) and DNA isolated from B. subtilis
CMF on the 9th day of cultivation (b)

a b

Earlier it was demonstrated that DNA-containing
fraction isolated from CMF of B. subtilis 7025 and
B. subtilis GP1-807-03 (on the 9th day) possessing im-
munostimulatory [31], antiviral (unpublished data) and
anticancer propeties [31] showed high sensitivity
to Íðà ²², that proves the fact of relatively high content
of unmethylated ÑG-dinucleotides in sequences iso-
lated DNA.

The release of chromosomal DNA in culture medi-
um was shown for some strains of Brucella spp., Fla-
vobacterium spp.; various species of Alcaligenes, Mi-
crococcus, Pseudomonas and others [50], Rhodobacter
capsulatus [51], Methanococcus voltae [52], Bartonel-
la henselae and Bartonella baciliformis [53, 54],
Pseudomonas aeruginosa [55].

Excretion of DNA by B. subtilis has been studied
earlier [56–58]. In 2003 Shingaki at al. [41] using nor-
mal and mutant by autolysin expression B. subtilis
strains, demonstrated that B. subtilis excretes two DNA
fragments (13 kb and 50 kb) originating from different
chromosome regions, that excretion was specific for
growth phase of bacterial cell population, typical for wild
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B. subtilis strains and is a consequence of defective
prophage PBSX genes expression [59, 60].

We used transmission electron microscopy to study
components that remained in culture medium from
B. subtilis strain 7025 and B. subtilis strain GP1-807-
03 CMF after its low-speed sedimentation and filtering
and detected the presence of mature phage particles
in concentrates (Fig. 7, a) as well as filamentous struc-
tures (Fig. 7, b) — possibly, elements of flagella.
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03 CMF concentrates.
(a) Negative contrast. (b) Positive contrast. Arrow indicates the
mature phage particle (magnifications × 71 000)

a

b

In conclusion, we have shown that release of DNA
in culture medium is typical to the both studied bacte-
rial strains that is probably caused by phages. The de-
gree of bacterial DNA methylation was found to de-
pend on the duration of cultivation and reached maxi-
mal values on the 7th–9th days of cultivation of B. subtilis.

ACKNOWLEDGMENTS
We thank Ms. Valentyna Gontcharenko and Ms. Alla

Verbinenko for excellent technical assistance and
Ms. Lubov Kot for preparation of cultural medium fil-
trate of Bacillus subtilis strain 7025.

REFERENCES
1. Korotyaev AI, Babitchev SA. Medical microbiolo-

gy, immunology and virology. Saint-Petersburg: Special
Literature, 1998; 580 p. (In Russian).

2. Golovina IG. Lytic enzymes of microorganisms. Us-
pehi Microbiol 1972; 8: 108–34 (In Russian).

3. Smirnov VV, Kudryavcev VK, Osadtchaya AI,
Safronova LA. Lytic activity of aerobic spore-forming
bacteria. Microbiol Zh 2004; 66(2): 35–46 (In Russian).

4. Zatula DG. The use of products of the microorga-
nism activity for obtaining the antitumor vaccine. Voprosy
Oncol 1968; 14 (4): 75–9.

5. Zatula DG.  Experimental and clinical results of
application of antitumor vaccines obtained by means of
bacterial metabolism. Neoplasma 1984; 31: 65–74.



Experimental Oncology 26, 265-270, 2004 (December) 269

26. Weigel BJ, Rodeberg DA, Krieg AM, Blazar BR.
CpG oligodeoxynucleotides potentiate the antitumor ef-
fects of chemotherapy or tumor resection in an orthotopic
murine model of rhabdomyosarcoma. Clin Cancer Res 2003;
9: 3105–14.

27. Wooldridge JE, Ballas Z, Krieg AM, Weiner GJ.
Immunostimulatory oligodeoxynucleotides containing CpG
motifs enhance the efficacy of monoclonal antibody thera-
py of lymphoma. Blood 1997; 89: 2994–8.

28. Warren TL, Weiner GJ. Synergism between cytosine-
guanine oligodeoxynucleotides and monoclonal antibody in
the treatment of lymphoma. Semin Oncol 2002; 29: 93–7.

29. Weiner GJ, Liu H-M, Wooldridge JE, Dahle CE,
Krieg AM. Immunostimulatory oligodeoxynucleotides con-
taining the CpG motif are effective as immune adjuvants
in tumor antigen immunization. Proc Natl Acad Sci USA
1997; 94: 10833–7.

30. Baral RN, Saha A, Chatterjee SK, Foon KA,
Krieg AM, Weiner GJ, Bhattacharya-Chatterjee M.
Immunostimulatory CpG oligonucleotides enhance the im-
mune response of anti-idiotype vaccine that mimics carci-
noembryonic antigen. Cancer Immunol Immunother 2003;
52: 317–27.

31. Shlyakhovenko VA, Olishevsky SV, Kozak VV,
Yanish YV, Rybalko SL. Anticancer and immunostimula-
tory effects of nucleoprotein fraction of Bacillus subtilis 7025
culture medium filtrate. Exp Oncol 2003; 25: 119–23.

32. Schneeberger A, Wagner C, Zemman A, Lu
..
hrs P,

Kutil R, Goos M, Stingl G, Wagner SN. CpG motifs are
efficient adjuvant for DNA cancer vaccines. J Invest Der-
matol 2004; 123: 371–9.

33. Heckelsmiller K, Beck S, Rall K, Sipos B, Schlamp A,
Tuma E, Rothenfusser S, Endres S, Hartmann G. Com-
bined dendritic cell- and CpG oligonucleotide-based immune
therapy cures large murine tumors that resist chemotherapy.
Eur J Immunol 2002; 32: 3235–45.

34. Sandler AD, Chihara H, Kobayashi G, Zhu X,
Miller MA, Scott DL, Krieg AM. CpG oligonucleotides
enhance the tumor antigen-specific immune response of a
granulocyte macrophage colony-stimulating factor-based
vaccine strategy in neuroblastoma. Cancer Res 2003;
63: 394–9.

35. Shlyakhovenko VO, Potebnya GP, Mosienko VS,
Zagoruyko LI, Kozak VV, et al. New technology of enge-
neering of polyvalent anticancer vaccines. In: The direc-
tions and perspectives of experimental oncology in Ukraine.
Chekhun VF, ed. Kyiv: DIA, 2001; 115–22 (In Ukrainian).

36. Shlyakhovenko VO, Mosienko VS, Kozak VV,
Yanish YuV, Olishevsky SV, Mazur OV, Artamonova AB.
Anti-cancer vaccine on the basis of glycopeptides isolated
from tumor cells. Oncologiya 2004; 6: 180–4 (In Ukrainian).

37. Sambrook J, Fritsch EF, Maniatis T. Molecular
cloning a laboratory manual, 2nd ed. Cold Spring Harbor,
NY: Cold Spring Harbor Laboratory Press, 1989; 567 ð.

38. Gel electrophoresis of proteins: a practical approach.
Hames BD, Rickwood D, eds. IRL Press Limited Oxford
and Washington D.C., 1982; 280 p.

39. Sun S, Cai Z, Langlade-Demoyen P, Kosaka H, Brun-
mark A, Jackson MR, Peterson PA, Sprent J. Dual function
of drosophila cells as APCs for naïve CD8+ T cells: implica-
tions for tumor immunotherapy. Immunity 1996; 4: 555–64.

40. Elia MC, DeLuca JG, Bradley MO. Significance
and measurement of DNA double strand breaks in mam-
malian cells. Pharmac Therap 1991; 51: 291–327.

41. Shingaki R, Kasahara Y, Inoue T, Kokegochi S,
Fukui K. Chromosome DNA fragmentation and excretion
caused by defective prophage gene expression in the early-
exponential-phase culture of Bacillus subtilis. Can J Micro-
biol 2003; 49: 313–25.

42. Kuroda A, Sekiguchi J. Molecular cloning and se-
quencing of a major Bacillus subtilis autolysin gene. J Bac-
teriol 1991; 173: 7304–12.

43. Lowry OH, Rosenbrough N, Farr A, Randell R.
Protein measurement with the Folin phenol reagen. J Biol
Chem 1951; 193: 165–275.

44. Deutscher MP. Guide to protein purification. In:
Methods in enzymology. NY: Academic Press, 1990; 425–95.

45. Sinha RP, Iyer VN. Competence for genetic trans-
formation and the release of DNA from Bacillus subtilis.
Biochem Biophys Acta 1971; 232: 61–71.

46. Crabb WD, Strypes UN, Doyle RJ. Selective en-
richment for genetic markers in DNA released by competent
cultures of Bacillus subtilis. Mol Gen Genet 1979; 204: 243–8.

47. Mazodier P, Davies J. Gene transfer between dis-
tantly related bacteria. Ann Rev Microbiol 1991; 25: 147–71.

48. Moreila D. Multiple independent horizontal trans-
fers of informational genes from bacteria to plasmids and
phages: implications for the origin of bacterial replication
machinery. Mol Microbiol 2000; 35: 1–5.

49. Hacker J, Kaper JB. Patogenecity islands and the
evolution of microbes. Ann Rev Microbiol 2000; 54: 641–79.

50. Lorentz MG, Wachernagel W. Bacterial gene trans-
fer by natural genetic transformation in the environment.
Microbiol Rev 1994; 58: 563–602.

51. Lang AS, Beatty T. Genetic analysis of a bacterial
genetic exchange element: the gene transfer agent of Rhodo-
bacter capsulatus. Proc Natl Acad Sci USA 2000; 97: 859–64.

52. Bertani G. Transduction-like gene transfer in the
methanogen Metanococcus voltae. J Bacteriol 1999;
181: 2992–3002.

53. Anderson B, Goldsmith C, Johnson A, Padma-
layam S, Baumstark B. Bacteriophage-like particle of
Rochalimaea henselae. Mol Microbiol 1994; 13: 67–73.

54. Barvian KD, Minnick MF. A bacteriophage-like
particle from Bartonella bacilliformis. Microbiology 2000;
146: 599–609.

55. Whitchurch CB, Tolker-Nielsen T, Rages PC,
Mattick JS. Extracellular DNA reguired for bacterial bio-
film formation. Science 2002; 295: 1487–91.

56. Ephrati-Elizur E. Spontaneous transformation in
Bacillus subtilis. Genet Res Camb 1968; 11: 83–96.

57. Borenstein S, Ephrati-Elizur E. Spontaneous re-
lease of DNA in sequential genetic order by Bacillus subti-
lis. J Mol Biol 1969; 45: 137–52.

58. Lorentz MG, Gerjets D, Wackernagel W. Release
of transforming plasmid and chromosomal DNA from two
cultured soil bacteria. Arch Microbiol 1991; 156: 319–26.

59. Hirokawa H, Kadlubar F. Length of deoxyribonu-
cleic acid of PBSX-like particles of Bacillus subtilis in-
duced by 4-nitroquinoline-1-oxide. J Virol 1969; 3: 205–9.

60. Haas M, Yoshikawa H. Defective bacteriophage
PBSX in Bacillus subtilis. J Virol 1969; 3: 248–60.



270 Experimental Oncology 26, 265-270, 2004 (December)

ÎÑÎÁÅÍÍÎÑÒÈ ÂÍÅÊËÅÒÎ×ÍÎÉ ÄÍÊ Ñ ÍÅÌÅÒÈËÈÐÎÂÀÍÍÛÌÈ
CpG ÌÎÒÈÂÀÌÈ, ÂÛÄÅËÅÍÍÎÉ ÈÇ ÊÓËÜÒÓÐÀËÜÍÎÉ

ÆÈÄÊÎÑÒÈ BACILLUS SUBTILIS

Ïðèìåíåíèå CpG ÄÍÊ ÿâëÿåòñÿ îäíèì èç íàèáîëåå ñîâðåìåííûõ è äîñòàòî÷íî ïåðñïåêòèâíûõ ïîäõîäîâ ê èììó-
íîòåðàïèè çëîêà÷åñòâåííûõ íîâîîáðàçîâàíèé. Öåëüþ äàííîãî èññëåäîâàíèÿ áûëî îõàðàêòåðèçîâàòü ÄÍÊ â ñî-
ñòàâå íóêëåîïðîòåèäíîé ôðàêöèè, âûäåëåííîé èç ôèëüòðàòà êóëüòóðàëüíîé æèäêîñòè (ÔÊÐ) Bacillus subtilis è
ïðîñëåäèòü äèíàìèêó íàêîïëåíèÿ òàêîé ÄÍÊ, à òàêæå ñòåïåíü îáoãàùåíèÿ åå íåìåòèëèðîâàííûìè CpG ìîòèâà-
ìè â ïðîöåññå êóëüòèâèðîâàíèÿ áàêòåðèè. Â ýêñïåðèìåíòàõ áûëè èñïîëüçîâàíû äâà  øòàììà áàêòåðèé: B. subtilis 7025
è B. subtilis GP1-807-03. Äëÿ ðåøåíèÿ ïîñòàâëåííûõ çàäà÷ èñïîëüçîâàëè ýëåêòðîôîðåç â ïîëèàêðèëàìèäíîì è
àãàðîçíîì ãåëÿõ, ðåñòðèêöèîííûé àíàëèç è òðàíñìèññèîííóþ ýëåêòðîííóþ ìèêðîñêîïèþ. Â ðåçóëüòàòå ïðîâå-
äåííûõ èññëåäîâàíèé ïîêàçàíî, ÷òî ÄÍÊ íàêàïëèâàåòñÿ â êóëüòóðàëüíîé æèäêîñòè äîñòàòî÷íî íåðàâíîìåðíî
(ñ ìàêñèìóìîì íà 3-è ñóòêè). Íàèáîëåå ÷óâñòâèòåëüíûìè ê äåéñòâèþ ðåñòðèêöèîííîé ýíäîíóêëåàçû Íðà II
îêàçàëèñü ÄÍÊ-ñîäåðæàùèå ôðàêöèè, èçîëèðîâàííûå íà 7-å–9-å ñóòêè êóëüòèâèðîâàíèÿ. Òàêæå áûëî ïîêàçàíî
ïðèñóòñòâèå áàêòåðèîôàãîâ â êîíöåíòðàòàõ ÔÊÐ. Âûâîäû: Òàêèì îáðàçîì, íà îñíîâàíèè ðåçóëüòàòîâ ïðîâåäåí-
íûõ èññëåäîâàíèé íàèáîëåå îïòèìàëüíûìè äëÿ ïîëó÷åíèÿ áàêòåðèàëüíîé âíåêëåòî÷íîé ÄÍÊ â öåëÿõ åå âîçìîæ-
íîãî èììóíîòåðàïåâòè÷åñêîãî ïðèìåíåíèÿ ÿâëÿþòñÿ 7-å–9-å ñóòêè êóëüòèâèðîâàíèÿ B. subtilis.
Êëþ÷åâûå ñëîâà: Bacillus subtilis, áàêòåðèîôàãè, âíåêëåòî÷íàÿ áàêòåðèàëüíàÿ ÄÍÊ, íåìåòèëèðîâàííûå CpG
ìîòèâû, CpG ÄÍÊ, ôèëüòðàò êóëüòóðàëüíîé æèäêîñòè.
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