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Antimicrobial peptide β-defensin-2 (hBD-2) is a
member of the family of small cationic peptides that
are produced by human epithelial cells and possess
antimicrobial activity [1–3]. Its expression was shown
to have an inducible character and may be recorded in
epithelial cells after challenge with inflammatory agents
or bacteria [4–6]. Our recent results have shown that
hBD-2 mRNA expression may be induced in vitro by
growth factors — EGF or TGF-α  and that in vivo it is
linked to malignant phenotype of epithelial cells origi-
nated from human vulvae and cervix [7, 8]. At the
present time the possible involvement of hBD-2 in tu-
mor progression remains unclear; however few publi-
cations reported the expression of hBD-1 and hBD-2
in human oral neoplasms [9–11].

The present research is aimed on the cloning and
production of recombinant hBD-2 (rec-hBD-2) which
may be further used as an antigen for the generation of
anti-hBD-2-monoclonal antibodies — potent instru-
ment for wide immunohistochemical research of hu-
man tumors and for basic research of intracellular tar-
gets of hBD-2.
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For preparation of recombinant human beta defensin-2 (hBD-2), the expression of the peptide fused with GST in
bacterial system was chosen. hBD-2 cDNA fragment was cloned in pGEX-2T vector and the construct was intro-
duced into E.coli XL-Gold cells. Fusion protein was purified by affine chromatography on GST-sepharose, and
underwent proteolysis with trombin. Active recombinant hBD-2 was purified from the proteolytic mixture by the
ion exchange chromatography.
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Â ðàáîòå îïèñûâàåòñÿ êëîíèðîâàíèå è î÷èñòêà áåòà-äåôåíñèíà-2 (hBD-2) — àíòèìèêðîáíîãî ïåïòèäà,
ýêñïðåññèðîâàííîãî â îïóõîëÿõ âóëüâû è øåéêè ìàòêè ÷åëîâåêà. Àíòèìèêðîáíûé ïåïòèä áûë ýêñïðåññèðîâàí â
áàêòåðèÿõ øòàììà E.coli XL-Gold êàê õèìåðíûé áåëîê hBD-2-GST è î÷èùåí ñ ïîìîùüþ ìåòîäà àôôèííîé
õðîìàòîãðàôèè íà GST-ñåôàðîçå. Ïîñëå ïðîòåîëèòè÷åñêîãî ðàñùåïëåíèÿ õèìåðíîãî áåëêà òðîìáèíîì è èîíîîáìåííîé
õðîìàòîãðàôèè ïðîäóêòîâ ïðîòåîëèçà ïîëó÷åí ôóíêöèîíàëüíî àêòèâíûé ïðåïàðàò áåòà-äåôåíñèíà-2 ÷åëîâåêà.
Êëþ÷åâûå ñëîâà: hBD-2, êëîíèðîâàíèå, ýêñïðåññèÿ, õèìåðíûé áåëîê.

MATERIALS AND METHODS

hBD-2 cDNA was obtained from human vulval tu-
mor cells by standard RT-PCR using specific primers
as described earlier [7, 8]. Then for cloning, cDNA frag-
ment from 93 to 218 nucleotide, coding the active mo-
lecule of hBD-2, and including stop codon (216–218)
[gb|Z71389]), was prepared with the use of the next
primers: 5′-gtgttggatccggtataggcgatcctgttacctg and
5′-tcttggaattctcatggctttttgcagcattttg whose 5′-ends
contained the restriction sites for BamHI and EcoRI.
This cDNA was ligated into pGEX-2T vector by the
mentioned sites; the construct was introduced into E.coli

XL-Gold cells. Transformation, reactions of restriction
and ligation, purification of plasmid were performed by
standard methods [12].

For production of hBD-2-GST-fusion protein,
100 ml of LB medium that contained ampicillin at con-
centration 100 µg/ml was inoculated with 2 ml of over-
night bacterial culture and was cultivated at 37 °Ñ with
vigorous shaking till it’d reached the optical density
OD620 = 0.5 (approximately 2 h); then IPTG was added
to final concentration 0.5 ìÌ, and incubation continued
with vigorous shaking for 2–4 h at the room tempera-
ture  until the culture reached OD620 = 1–1.5.

The purification of fusion protein was performed ac-
cording to the protocol of  GST-fusion system (Novagen,
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USA). The cells were sedimented by centrifugation at
3000 g for 10 min, resuspended in 4 ml 1Õ PBS solution
that contained inhibitors of proteases. The cells were
lyzed by sonication of cell suspension with ultrasound at
44 kHz for 15 s using ultrasonic desintegrator tipe UD-11
(TechPol, Poland). The sonication was performed triply
in the ice bath with 1–1.5 min intervals. Cell debris was
sedimented by centrifugation at 10 000 g for 10 min,
and supernatant was applied on 1 ml column packed
with GST-sepharose. The column was washed with
3 volumes of PBS, and fusion protein was eluted with
50 mM Tris-ÍCl buffer, pH 8.0, containing 20 ìÌ of glu-
tathione.

For preparation of active hBD-2 molecule,  the pro-
teolysis of fusion protein with thrombin (Sigma, USA)
was applied according to protocol of GST-fusion sys-
tem (Novagen, USA). Proteolysis was performed in PBS
during 14–16 h at 16 °Ñ at the relation 1 unit of activity
of thrombin to 25 µg of fusion protein. The products of
proteolysis were separated by ion exchange chroma-
tography using the column MonoSP (Pharmacia, Swe-
den). The recombinant hBD-2 molecules were modi-
fied with dansyl chloride by standard method and vi-
sualized by 15–22% gradient SDS-electrophoresis by
Laemmli [13].

The antimicrobial activity of recombinant hBD-2 was
accessed by method of Hultmark et al [14] with modi-
fications: B. subtilis were grown overnight in LB medi-
um and then diluted in warm 0.7% agarose (Chemapol,
Czechoslovakia), containing 450 mg of Bacto-Peptone
(Difco, USA) and 250 mg Yeast Extract (Difco, USA)
per 30 ml, to the final concentration 106 cfu/ml. Five µl
of purified desalted solution of rec-hBD-2 in deionized
water in concentration 3 mg/ml was pipeted into wells
formed with a 4-mm cork borer and incubated at 37 °C
for 3–4 h. The results were then visualized with the
solution of Coumassie brilliat blue.

RESULTS AND DISCUSSION

For preparation of recombinant hBD-2, the expres-
sion of the peptide fused with GST cloned in pGEX-2T
vector was chosen. The genetic construction of this
vector allows to obtain the recombinant peptide as chi-
meric protein fused to glutathion-6-transferase (GST).
Respectively, the cytotoxic recombinant peptide may
be expressed in bacterial system, purified by affine
chromatography on GST-sepharose and the active
molecule may be obtained by proteolysis with trombin.

The cloning of cDNA fragment coding active hBD-2
molecule was performed by BamHI and EcoRI sites in
pGEX-2T vector (Fig. 1).

By PCR method, hBD-2 cDNA fragment containing
the sequence from 93 to 218 nucleotide [gb|Z71389]
was amplified. That sequence is coding the active
hBD-2 molecule and includes stop codon (215–218).
After restriction with BamHI and EcoRI,  hBD-2 cDNA
fragment was ligated in pGEX-2T vector in positions
931 (BamHI) and 941 (EcoRI), and that construct was
used for transformation of Å. coli  XL-Gold cells. For
selection of recombinant clones, restriction analysis
using ScaI endonuclease has been performed. The

mentioned restrictase has 2 sites of restriction in the
sequence of pGEX-2T vector (832 and 1662 nucle-
otides) and no sites in the cloned cDNA fragment. The
sizes of restriction products for nonrecombinant and
recombinant plasmides are 831, 4117 b.p., and 954,
4117 b.p., respectively (Fig. 2).

In the selected clones, the DNA-sequence analy-
sis was carried out to reveal the possible  uncorrect
sequence in the cloned fragment.

Next, the schedule of production of recombinant
fusion protein was optimised and the method of its pu-
rification that included affinity chromatography on
GST-sepharose has been developed (see Materials
and Methods section). This way of fusion protein iso-
lation allows to receive 200 µg of recombinant protein
from 100 ml of overnight bacterial culture. The purity of
the protein product was evaluated by 15–22% gradient
electrophoresis (Fig. 3).

The active molecule of hBD-2 was obtained by pro-
teolysis of fusion protein with thrombin. To control the
proteolysis, the Laemmli electrophoresis [13] was ap-
plied with the next staining of the gels with Coomassie
Brilliant Blue or silver staining. However, we have faced
problems with visualisation of 4 kD peptide that are
possibly linked to the special patterns of the structure
of hBD-2 molecule. It is known [15] that hBD-2 mole-
cule contains 5 lysine and 2 arginine residues, pos-
sesses an extremely high isoelectric point (ð² = 10) and

Fig. 1. Cloning of hBD-2 cDNA in pGEX-2T vector

Fig. 2. Electrophoregram of pGEX-2T plasmide (1) and recom-
binant plasmide (3) after restriction with the ScaI endonuclease.
Lane 2 — DNA standard 1 kb ladder (Gibco, BRL)
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Fig. 4. Electrophoregram of the products of proteolysis of fusion
protein GST-hBD-2 with thrombin (lane 1)  GST (lane 2); lane 3 —
molecular weight marker (aprotenin, 7 kD)

high positive charge (6.2) at ðÍ 6.8. The positive charge
of hBD-2 remained noncompensated with the nega-
tive charge of sodium dodecyl sulphate due to the low
sorbtion ability of the 4.3 kD molecule to SDS.

We tried to decrease the positive charge of hBD-2
and increase its hydrophobicity by chemical modifica-
tion. For that purpose, the proteolytic mixture was trea-
ted with dansyl chloride and applied to gel electrophore-
sis by Laemmli [13]. By that way, the rec-hBD-2 mo-
lecule with approximate molecular weight 4 kD has been
visualized (Fig. 4).

For purification of rec-hBD-2 from the proteolytic
mixture, the ion exchange chromatography on Mono-SP
column (Pharmacia, Sweden) was applied (Fig. 5).

The study of functional activity of the purified rec-hBD-2
has shown that the peptide possesses antimicrobial activity
against B.subtilis in the test of Hultmark (Fig. 6).

In conclusion, the applied schedule of cloning and
purification of rec-hBD-2  allows us to obtain func-
tionally active antimicrobial peptide that may be used
in further research aimed on identification of intracellu-
lar targets of hBD-2 in vitro and as antigen — in gene-
ration of anti-hBD-2 monoclonal antibodies necessary

for performance of immunochemical research of hu-
man tumors and estimation of the role of hBD-2 in can-
cer progression. This study is underway now.
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